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SUMMARY

UNITS

ENGINEERING CHARACTER

PHYSICAL CHARACTER

PREDOMINANT CHARACTER

General composition and description of each engineering characteristic; see specific col-
umns for details.

EXPANSIVITY

Capability of bedrock and surficial mantle to swell significantly
under light loads when wetted, expressed in terms related to
UBC expansion index.

CUT-SLOPE STABILITY

Estimated stability of 2:1 cut slopes 30 feet high in moderately
weathered bedrock and 6 feet high in surficial mantle. Stabil-
ity of bedrock is reported as average stability assuming ran-
dom structural orientations, for conditions of adverse struc-
tural orientation, and for favorable structural orientation.

PERMEABILITY

Permeability is estimated in four classes for three idealized cases:
fresh bedrock at depth; shallow, moderately weathered bed-
rock; and saturated surficial mantle.

EXCAVATABILITY

The estimated effectiveness in surficial mantle and weathered
and fresh bedrock of a Case 580 or equivalent backhoe dig-
ging a 2-foot-wide trench, a Caterpillar D8 or equivalent
crawler tractor with one tooth ripping on an open surface, or
the probable necessity of heavier ripping or blasting.

CHARACTER OF MATERIAL AS FILL

The estimated presence, after excavation, handling, and com-
paction, of more than 1/3 clay or highly plastic clay or of
more than 5 percent oversize rock fragments in fill derived
from surficial mantle and moderately weathered and fresh
bedrock.

TEXTURE OF SURFICIAL MANTLE

Texture of surficial mantle likely to form from bedrock of unit
by weathering, described as clayey or sandy (more or less
than 1/4-1/3 clay), and ignoring the effects of downslope
movement. Presence of a clayey subsoil (B horizon) re-
ported for gentle slopes where known.

PHYSICAL PROPERTIES OF BEDROCK

Description of basic geologic character of bedrock, from which most of the engineering characteristics are inferred; based
largely on field observation.

GEOLOGIC MAP UNITS

Units on the geologic map (Brabb and Pampeyan, 1972a,
with revised nomenclature of Brabb and Pampeyan,
1981) included in each materials unit

Sandstone and siltstone.

Most bedrock and mantle unexpansive, some of each expansive.
Cut-slope stability of bedrock moderate (approaching high), of mantle low.
Permeability of bedrock and mantle largely low to moderate.

Almost all can be trenched.

Fill generally lacks clay and oversize fragments, but some is clayey.

Most bedrock unexpansive, some claystone beds and some
clayey surficial mantle severely expansive.

Moderate (approaching high) average stability in bedrock.

Moderate where structure is adverse, except low in clayey third
of unit.

High (approaching moderate) where structure is favorable.

Low in mantle.

Intergranular permeability moderate to low, locally very low, at
depth.

In shallow bedrock, class unchanged by opening of fractures.

Low in surficial mantle, except moderate where clayey subsoil
lacking.

Surficial mantle and bedrock can be trenched, most of it with
ease; local hard beds may require ripping or even blasting.

Generally lacks clay and oversize fragments, some clayey fill.

In surficial mantle, some clayey fill, clay may be highly plastic.

In moderately weathered and fresh material, some clayey fill,
clay may be highly plastic; local hard blocks as large as 5 feet
in diameter.

Clayey to sandy, subsoil generally clayey.

Composition: largely sandstone, siltstone, and claystone; sandstone medium to very fine grained and commonly silty,
clayey, or conglomeratic; ratio of sandstone to siltstone and claystone probably less than 2:1; local conglomerate lenses,
volcanic ash beds, and cemented shell-breccia beds.

Hardness: firm to locally soft, sandstone soft and friable where weathered, ash beds friable, shell horizons and some con-
glomerate cemented and hard.

Fracture: spacing moderate to very wide in sandstone, close in weathered clayey rock.

Bedding: sandstone beds 5 to 30 ft thick, generally indistinct, locally distinct, commonly lenticular. Siltstone and claystone
beds thin to very thick, commonly laminated; conglomerate beds as much as 4 ft thick; ash and shell beds as much
as 5 or 6 ft thick.

Stratigraphic thickness: 5,000 .ft.

Merced Formation

Shale.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock and mantle low.

Permeability largely very low at depth, low in shallow rock and mantle.
Weathered bedrock and most fresh bedrock can be trenched, all can be ripped.
Fill generally lacks oversize fragments, much is clayey.

Bedrock and surficial mantle generally unexpansive, but signific-
antly expansive locally.

Low average stability in bedrock.

Low where structure is adverse.

Low to moderate where structure is favorable.
Low in mantle.

Very low at depth, except low intergranular permeability in local
interbedded sandstone.

Low in shallow rock due to opening of fractures (limited by free
clay).

Low in surficial mantle.

Surficial mantle can be trenched with ease.

Weathered bedrock can be trenched, much of it with ease.

Most fresh bedrock can be trenched with difficulty and all can be
ripped.

Generally lacks oversize fragments, but much clayey fill.
In surficial mantle, largely clayey fill.

In moderately weathered bedrock, clayey fill.

In fresh bedrock, generally no clay or oversize fragments.

Generally clayey.

Composition: shale and some mudstone, few interbeds of sandstone.
Hardness: soft to firm.

Fracture: close spacing in weathered rock.

Bedding: shale laminated; close to very close parting.

Stratigraphic thickness: 600(?)-800 ft.

Twobar Shale Member of San Lorenzo Formation; shale
in Butano Sandstone

Mudstone.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock moderate (approaching low), of mantle low.
Permeability largely very low at depth, largely low in shallow rock and mantle.
Weathered bedrock and most fresh bedrock can be trenched, all can be ripped.
Fill generally lacks oversize fragments, but much is clayey.

Bedrock and surficial mantle generally unexpansive, but signific-
antly expansive locally.

Moderate (approaching low) average stability in bedrock.
Low where structure is adverse.

Moderate where structure is favorable.

Low in mantle.

Very low at depth, low intergranular permeability in some inter-
bedded sandstone.

Low in shallow rock due to opening of fractures (limited by free
clay).

Low in surficial mantle, locally moderate(?).

Surficial mantle can be trenched with ease.

Weathered bedrock can be trenched, much of it with ease.

Most fresh bedrock can be trenched with difficulty and all can be
ripped.

Generally lacks oversize fragments, but much clayey fill.
In surficial mantle, largely clayey fill.

In moderately weathered bedrock, clayey fill.

In fresh bedrock, generally no clay or oversize fragments.

Generally clayey.

Composition: mudstone, siltstone, some shale, and minor sandstone.

Hardness: firm to soft.

Fracture: spacing where weathered very close to close, locally moderate; moderate to wide where fresh.
Bedding: generally absent, locally laminated; some close to very close parallel parting.

Stratigraphic thickness: 500 to 1,800 ft.

Lobitos Mudstone Member of Purisima Formation; Lam-
bert Shale and San Lorenzo Formation, undivided;
San Lorenzo Formation, undivided; Rices Mudstone
Member of San Lorenzo Formation

Conglomerate and sandstone.

Most bedrock and mantle unexpansive, but some of each expansive.

Cut-slope stability of bedrock high, of mantle largely moderate, some low.

Permeability in bedrock largely low, ranging from very low to moderate. In mantle
largely moderate, some low to very low.

Most bedrock can be trenched, all can be ripped.

Fill generally lacks clay and oversize fragments, but some is clayey.

Most bedrock unexpansive, some claystone significantly expan-
sive, some clayey surficial mantle severely expansive.

High average stability in bedrock.

Moderate where structure is adverse.

High where structure is favorable.

Moderate average stability in mantle, low where mantle is clayey.

At depth, very low and low intergranular permeability in clayey
and clay-poor bedrock, respectively; may be moderate loc-
ally.

In shallow bedrock, minor increase in extent of low and moder-
ate permeability by opening of fractures.

Moderate in sandy surficial mantle, low to very low in clayey
mantle.

Most surficial mantle can be trenched with ease, some clayey
mantle may be sticky when wet and difficult to trench when
dry.

Most weathered and fresh rock can be trenched, much of it with
difficulty, and all can be ripped.

Generally lacks clay and oversize fragments, but some highly
plastic clay.

In surficial mantle, some clayey fill, clay may be highly plastic.

In moderately weathered and fresh bedrock, some clayey fill.

Largely sandy and some clayey, generally clayey subsoil on
gentle slopes.

Composition: predominantly conglomerate, lesser sandstone, siltstone, and claystone; conglomerate of cobbles with poorly
sorted sandstone or siltstone matrix, locally with boulders as large as several feet in diameter; sandstone fine to coarse
grained.

Hardness: firm to soft, conglomerate clasts hard.

Fracture: none evident in conglomerate, close to moderate spacing in other rock types.

Bedding: distinct to indistinct lenticular beds commonly several feet thick, ranging medium to very thick (307 ft).

Stratigraphic thickness: 2,200 ft.

Santa Clara Formation

Clayey sandstone.

Some bedrock and most mantle expansive.

Cut-slope stability of bedrock moderate, of mantle very low.

Permeability largely very low in bedrock and mantle.

Most weathered and some fresh bedrock can be trenched, all can be ripped.
Fill generally lacks clay and oversize fragments, but some is clayey.

Bedrock generally unexpansive, but some is significantly expan-
sive; clayey mantle expansive.

Moderate average stability in bedrock.

Low where structure is adverse.

Moderate to high where structure is favorable.
Very low in mantle.

At depth, very low intergranular permeability; low or moder-
ate(?) in clay-poor sandstones.

In shallow bedrock, class unchanged by opening of fractures.

In surficial mantle, generally very low, locally low; moderate
where mantle is sandy.

Surficial mantle can be trenched, most may be sticky when wet
and difficult to trench when dry.

Most weathered and some fresh bedrock can be trenched and all
can be ripped.

Generally lacks clay and oversize fragments, but some highly
plastic clay.

In surficial mantle, generally clayey fill, much clay may be highly
plastic.

In moderately weathered and fresh bedrock, generally no clay or
oversize fragments.

Generally clayey, locally sandy.

Composition: fine-grained sandstone, siltstone, locally much silty mudstone, minor amounts of medium- to coarse-grained
sandstone and porcelaneous shale and mudstone; clay or ash matrix in most fine-grained sandstone and siltstone, com-
monly none in medium- to coarse-grained sandstone.

Hardness: firm where fresh, firm to soft where weathered; porcelaneous rock firm to hard.

Fracture: spacing moderate to very wide in fine-grained sandstone where fresh, very close to moderate where weathered,
and close in porcelaneous rock.

Bedding: in fine-grained sandstone commonly absent to indistinct, local distinct beds medium to very thick; in other rock
types thin to medium.

Stratigraphic thickness: 250 to 2,150 ft (Tunitas Sandstone Member 250 to 400 ft, other units much thicker).

Tunitas Sandstone Member of Purisima Formation;
Tahana Member of Purisima Formation; Purisima For-
mation, undivided; unnamed sandstone of Miocene
age near Woodside

Sandstone.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock very high, of mantle largely moderate.
Permeability of bedrock largely low to moderate, of mantle largely moderate.
Most weathered and some fresh bedrock can be trenched, all can be ripped.
Fill generally lacks clay and oversize fragments.

Bedrock and surficial mantle generally unexpansive, local clayey
mantle significantly expansive.

Very high average stability in bedrock, both where structure is
adverse and favorable.

Moderate average stability in mantle, low where clayey subsoil
present.

Very low to high intergranular permeability at depth, depending
on presence of cement and grain size and sorting.

In shallow bedrock, minor increase in extent of low and moder-
ate permeabilities by opening of fractures.

In surficial mantle, largely moderate, low to very low where
clayey subsoil present.

Most surficial mantle can be trenched with ease.
Most weathered and some fresh bedrock can be trenched, much
with ease, and all bedrock can be ripped.

Generally lacks clay and oversize fragments.

In surficial mantle, generally no clay or oversize fragments.

In moderately weathered and fresh bedrock, local oversize frag-
ments north of Pescadero Creek.

Sandy, clayey subsoil variably present.

Composition: very fine to coarse-grained sandstone, variably sorted, concretions as large as 1 ft in diameter.
Hardness: firm to locally soft and friable where weathered, probably firm where fresh, concretions hard.
Fracture: spacing uncertain, most is probably very wide.

Bedding: absent to indistinct, very thick beds.

Stratigraphic thickness: 150 to 450 ft.

San Gregorio Sandstone Member of Purisima Formation;
Santa Margarita Sandstone

Sandstone and shale.

Much bedrock and mantle expansive.

Cut-slope stability of bedrock moderate, of mantle low (ranging from moderate to very
low).

Permeability low to very low at depth, low in shallow bedrock, moderate to very low in
mantle.

Much weathered bedrock can be trenched, all can be ripped; most fresh bedrock can
be ripped, some may require heavy ripping or blasting.

Fill generally lacks oversize fragments, but some is clayey.

Clayey surficial mantle and much clayey bedrock expansive.

Moderate average stability in bedrock, both where structure is
adverse and favorable.

Low average stability in mantle, very low where mantle is clayey,
moderate where sandy.

Low intergranular permeability at depth in sandstone, very low
where cemented, very low in clayey rock.

In shallow bedrock, clayey rock low (limited by free clay), but
sandstone class unchanged, due to opening of fractures.

In surficial mantle, largely very low to low where mantle is
clayey, moderate where sandy.

Sandy surficial mantle can be trenched with ease, clayey mantle
may be sticky when wet and difficult to trench when dry.

Much weathered bedrock can be trenched, except for some
sandstone, and all can be ripped.

Much fresh clayey bedrock can be trenched with difficulty, most
fresh bedrock can be ripped, some cemented sandstone may
require heavy ripping or blasting.

Generally lacks oversize fragments, but some highly plastic clay.

In surficial mantle, some clayey fill, much clay may be highly
plastic.

In moderately weathered bedrock, some clayey fill, clay may be
highly plastic.

In fresh bedrock, some clayey fill, clay may be highly plastic;
local oversize fragments as much as 1 to 3 feet across.

Sandy to clayey depending on local bedrock, local clayey
subsoil.

Composition: sandstone with variably abundant interbeds of mudstone, siltstone, and shale; sandstone commonly medium
to very coarse grained and poorly sorted, but with no clay matrix; in places, carbonate cement in thicker sandstone
beds; clayey rock locally abundant.

Hardness: sandstone firm where fresh, hard where cemented, firm to soft and friable where weathered; clayey interbeds
firm to soft.

Fracture: spacing commonly moderate to wide in sandstone, close to very close in weathered clayey interbeds.

Bedding: distinct; sandstone beds thin to very thick (30 ft), commonly more than 10 ft thick, clayey interbeds thin to very
thick.

Stratigraphic thickness: 2,500 ft.

Butano(?) Sandstone

Serpentine with gouge and hard blocks.

Bedrock and mantle largely unexpansive, some of each expansive.

Cut-slope stability of bedrock moderate (ranging from high to very low), of mantle mod-
erate to low, some very low.

Permeability very low at depth; largely low in shallow bedrock, some very low; largely
moderate to low in mantle, some very low.

Most bedrock can be trenched, some requires ripping, and blocks may require blasting.

Most fill lacks clay, but some is clayey; oversize fragments are common.

Gouge and clayey surficial mantle expansive.

Moderate average stability in bedrock, including high average
stability in sheared serpentinite and very low average stability
in gouge borders.

In sheared serpentinite, moderate where structure is adverse,
high where structure is favorable.

Moderate to low average stability in mantle, very low in clayey
mantle.

Very low at depth.

In shallow bedrock, generally low to locally moderate due to
opening of fractures, very low in gouge borders.

Moderate in surficial mantle, except low to very low where man-
tle is clayey.

Surficial mantle can be trenched, clayey mantle may be sticky
when wet and difficult to trench when dry.

Most gouge can be trenched, some with difficulty, but may be
sticky when wet and difficult to trench when dry.

Sheared serpentine can be trenched, most with difficulty where
fresh; some fractured ultramafic rock can be trenched, all can
be ripped.

Large hard blocks may require blasting.

Much fill lacks clay, some is clayey and highly plastic; oversize
fragments common.

In clayey surficial mantle and gouge, clayey fill that may be
highly plastic.

In sheared serpentinite, common oversize fragments as much as
10 feet or more in diameter.

In unsheared, fractured ultramafic rock, oversize fragments com-
mon.

Generally thin and rocky, locally clayey (probably in associa-
tion with gouge).

Composition: sheared serpentinite containing blocks of serpentinite, ultramafic rock, schist, rodingite, and silica-carbonate
rock, and locally masses 100 ft or more in diameter of fractured ultramafic rock; borders of clayey gouge.

Hardness: sheared serpentinite firm to soft, fractured ultramafic rock hard to firm, blocks hard, gouge soft to firm.

Fracture: spacing of shear planes very close to close; spacing of fractures in ultramafic masses moderate to wide; hard
blocks a few inches to tens of feet in diameter, commonly less than 10 ft.

Bedding: shear planes define a very close to close, commonly parallel, parting.

Stratigraphic thickness: much of unit probably stratiform and 100 to 200 ft thick, locally may extend thousands of feet
deep.

Serpentine

Gouge and sheared shale with hard blocks and sandstone.

Much of the bedrock and mantle expansive.

Cut-slope stability of bedrock moderate (ranging from very low to very high), of mantle
low, ranging from very low to moderate.

Permeability very low at depth; mostly low, some very low, in shallow bedrock; moder-
ate to very low in mantle.

Most weathered and some fresh bedrock can be trenched; much fresh bedrock can be
ripped, but much requires heavy ripping or blasting.

Much fill lacks clay and oversize fragments, but some is clayey and some contains over-
size fragments.

Gouge, much severely sheared shale, and much clayey surficial
mantle expansive.

Moderate average stability in bedrock; ranges from very low in
gouge and severely sheared shale (1/4 of unit) to very high
in fractured sandstone (1/2 of unit).

Moderate (approaching low) where structure is adverse.

Moderate where structure is favorable.

Low average stability in mantle; ranges from very low in expan-
sive clayey mantle to moderate in sandy mantle.

Very low at depth.

In shallow bedrock, gouge very low, but sandstone low to locally
moderate, an@® some less severely sheared shale low (limited
by free clay), due to opening of fractures.

Low to very low in clayey surficial mantle, moderate where
sandy.

Sandy surficial mantle can be trenched with ease, clayey mantle
may be sticky when wet and difficult to trench when dry.

Gouge and severely sheared shale can be trenched, easily where
weathered, some with difficulty where fresh, and may be
sticky when wet and difficult to trench when dry.

Most other bedrock can be trenched where weathered, largely
with difficulty, some fresh bedrock can be trenched with diffi-
culty and much can be ripped, and most fresh unbedded
sandstone requires heavy ripping or blasting.

Large hard blocks in sheared matrix or on ground surface may
require blasting.

Much fill lacks clay and oversize fragments, some is clayey and
highly plastic, some contains oversize fragments.

In surficial mantle, some clayey fill, clay may be highly plastic.

In gouge and severely sheared shale, clayey fill, clay may be
highly plastic; many oversize fragments.

In moderately sheared shale and siltstone, generally no clay or
oversize fragments.

In fractured sandstone, fill like that of unit P.

Clayey on sheared shale and gouge, sandy on sandstone.

Composition: graywacke-type sandstone, gouge, and variably sheared shale and siltstone containing blocks of sandstone,
greenstone, chert, and other Franciscan rocks.

Hardness: gouge and severely sheared shale soft to firm, shale firm to hard, sandstone hard where fresh and hard to firm
where weathered, blocks hard.

Fracture: approximately one-fourth of unit is gouge and severely sheared shale in which spacing of shear planes is less
than 1/4 in., and blocks occur that range from 1 ft to tens of feet in diameter; another fourth is moderately sheared
shale and siltstone with shear spacing of 1/4-1 in., which contains discontinuous bodies of closely fractured sandstone;
approximately half is closely fractured sandstone.

Bedding: shear planes define very close to moderately spaced, crudely parallel parting through sheared half of unit; rare
distinct bedding planes in sandstone.

Stratigraphic thickness: hundreds of feet.

Sheared rocks of Franciscan assemblage

Porcelaneous shale and mudstone.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock high, of mantle low.

Permeability largely very low at depth, largely low in shallow bedrock, moderate to low
in mantle.

Weathered bedrock and some fresh bedrock can be trenched, all can be ripped.

Fill generally lacks clay and oversize fragments.

Bedrock and surficial mantle generally unexpansive, but signific-
antly expansive locally where bedrock is not siliceous.

High average stability in bedrock.

Moderate to high where fracture is adverse, moderate where
bedding is adverse.

Very high where structure is favorable.

Low average stability in mantle; ranges from moderate in sandy
mantle to low in clayey mantle.

At depth, largely very low, except low intergranular permeability
in interbedded sandstone.

In shallow rock, low to locally moderate due to opening of frac-
tures.

In surficial mantle, moderate to low.

Surficial mantle can be trenched with ease, weathered bedrock

can be trenched, some fresh bedrock can be trenched with
difficulty, and all can be ripped.

Generally lacks clay and oversize fragments.

Sandy to clayey.

Composition: porcelaneous shale and mudstone, some chert, some nonsiliceous mudstone, local sandstone.

Hardness: typically hard to firm and brittle, chert hard, nonsiliceous mudstone firm to soft, sandstone firm to hard.

Fracture: spacing very close to close, locally moderate.

Bedding: absent to distinct medium to very thick beds, chert and some porcelaneous rock laminated; very close to local
moderately spaced parallel parting in places.

Stratigraphic thickness: 400 to 5,000 ft.

Pomponio Mudstone Member of Purisima Formation;
Santa Cruz Mudstone; Lambert Shale

Basaltic volcanic rock.

Bedrock unexpansive, most mantle expansive.

Cut-slope stability of bedrock very high, of mantle very low.

Permeability very low at depth, low to moderate in shallow bedrock, very low to low in
mantle.

Most weathered bedrock can be trenched, all weathered bedrock and most fresh bedrock
can be ripped.

Fill generally lacks clay and oversize fragments, but some is clayey.

Bedrock unexpansive, most clayey surficial mantle expansive.

Very high average stability in bedrock.
High where structure is adverse.

Very high where structure is favorable.
Very low in mantle.

At depth, very low to low intergranular and fracture permeability.

In shallow bedrock, low to moderate fracture and intergranular
permeability.

In surficial mantle and decomposed basalt, generally low to very
low.

Surficial mantle can be trenched, may be sticky when wet and
difficult to trench when dry; decomposed basalt can be
trenched except where weathering cores are large.

Most weathered bedrock can be trenched, some with difficulty,
and all can be ripped.

Probably all fresh bedrock can be ripped.

Generally lacks clay and oversize fragments, but some highly
plastic clay and oversize fragments.

In surficial mantle and decomposed basalt, generally clayey fill,
and clay may be highly plastic; oversize fragments in some
places.

In moderately weathered and fresh bedrock, oversize fragments
in some places.

Generally clayey. Decomposed basalt locally tens of feet
deep.

Composition: chiefly fine-grained basaltic rock; flow breccia of 1- to 12-in. blocks with glass or calcite matrix, dense to
vesicular flows, pillow lavas with 2- to 5-ft pillows in glass or tuff matrix, agglomerate, less abundant tuff and medium-
to coarse-grained intrusive rocks, minor amounts of sandstone and mudstone; in places weathered to clayey, decom-
posed basalt to depths of tens of feet.

Hardness: fresh crystalline rock hard, glass and tuff probably firm; weathered rock generally firm to soft, glass and tuff more
easily weathered; decomposed basalt firm to soft, commonly with hard, spheroidal weathering cores of small to large
size.

Fracture: spacing close to moderate, locally wide.

Bedding: indistinct to locally distinct, much rock unbedded.

Stratigraphic thickness: variable, 60 to 4,000 ft.

Page Mill Basalt; Mindego Basalt and related volcanic
rocks; unnamed volcanic rocks west of Pescadero

Basaltic volcanic rock.

Bedrock unexpansive, much mantle expansive.

Cut-slope stability of bedrock very high, of mantle low to very low.

Permeability very low at depth, largely low in shallow bedrock, low to very low in man-
tle.

Most weathered bedrock can be trenched, all can be ripped; much fresh bedrock can be
ripped, some may require heavy ripping or blasting.

Fill generally lacks clay and oversize fragments, but some is clayey and some contains
oversize fragments.

Bedrock unexpansive, much clayey surficial mantle expansive.

Very high average stability in bedrock.
High where structure is adverse.

Very high where structure is favorable.
Low to very low in mantle.

Very low at depth.

In shallow bedrock, low to locally moderate due to opening of
fractures.

In surficial mantle, generally low to very low.

Surficial mantle can be trenched, much may be sticky when wet
and difficult to trench when dry.

Most weathered bedrock can be trenched, some with difficulty,
and all can be ripped.

Much fresh bedrock can be ripped, some may require heavy rip-
ping or blasting.

Generally lacks clay and oversize fragments, but some highly
plastic clay and oversize fragments.

In surficial mantle, generally clayey fill, and clay may be highly
plastic.

In moderately weathered bedrock, generally no clay or oversize
fragments.

In fresh bedrock, oversize fragments common.

Generally clayey.

Composition: altered basaltic volcanic rock as flows, pillow lava, breccia, tuff breccia, and tuff in unknown proportions,
minor amounts of intrusive rock, and a few chert and limestone bodies.

Hardness: fresh rock generally hard, weathered rock firm to hard, but locally soft.

Fracture: spacing close to locally moderate in weathered rock; in fresh rock probably moderate to wide, locally very wide.

Bedding: indistinct to absent.

Stratigraphic thickness: variable, tens of feet to possibly 5,000 ft.

Greenstone of Franciscan assemblage

Sandstone and shale.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock moderate (approaching high), of mantle low.

Permeability of bedrock and mantle largely low.

Most weathered and some fresh bedrock can be trenched, most of remainder can be rip-
ped, some fresh bedrock may require heavy ripping or blasting.

Much fill lacks clay and oversize fragments, but some is clayey and oversize fragments
occur locally.

Bedrock and clayey surficial mantle generally unexpansive, but
significantly expansive locally.

Moderate (approaching high) average stability in bedrock.

Low where fracture is adverse, very low where bedding is ad-
verse.

Very high where structure is favorable.

Generally low in mantle.

At depth, low intergranular permeability in sandstone, very low
where cemented and in clayey rock.

In shallow bedrock, sandstone class unchanged, but clayey rock
low (limited by free clay), due to opening of fractures.

In surficial mantle, low to moderate.

Surficial mantle can be trenched with ease, most weathered bed-
rock can be trenched.

Some fresh bedrock can be trenched with difficulty, most can be
ripped, some may require heavy ripping or blasting.

Much fill lacks clay and oversize fragments, some is clayey, over-
size fragments present in some places.

In surficial mantle, generally clayey fill.

In moderately weathered bedrock, much clayey fill, oversize frag-
ments in some places.

In fresh bedrock, oversize fragments in some places.

Most clayey, some sandy.

Composition: interbedded sandstone and mudstone with minor amounts of shale; sandstone commonly very fine to fine
grained, but medium to very thick beds coarser.

Hardness: hard to firm where fresh, hard to soft where weathered.

Fracture: spacing close to wide; generally close in thin to medium sandstone beds and moderate to wide in thicker beds;
in mudstone close to moderate where fresh, very close where weathered.

Bedding: distinct, commonly very thin to thin, some medium; medium to very thick sandstone beds with minor amounts
of shale form a few sequences 25 to 100 ft thick.

Stratigraphic thickness: more than 2,500 ft.

Butano Sandstone west of Skylonda

Sandstone and shale.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock moderate (approaching high), of mantle low.

Permeability largely very low at depth, largely low in shallow bedrock and mantle.

Most weathered bedrock can be trenched, all bedrock can be ripped.

Much fill lacks clay and oversize fragments, but some is clayey and some contains over-
size fragments.

Bedrock and surficial mantle generally unexpansive, some man-
tle and local bedrock significantly expansive.

Moderate (approaching high) average stability in bedrock.

Low where fracture is adverse, very low where bedding is ad-
verse.

Very high where structure is favorable.

Low in mantle.

At depth, very low to locally low intergranular permeability.

In shallow bedrock, low to locally moderate due to opening of
fractures.

In surficial mantle low, except moderate where sandy.

Surficial mantle can be trenched with ease; most weathered bed-
rock can be trenched, some with difficulty.
All fresh bedrock can be ripped.

Much fill lacks clay and oversize fragments, some is clayey and
some contains oversize fragments.

In surficial mantle, generally clayey fill.

In moderately weathered bedrock, some clayey fill.

In fresh bedrock, some oversize fragments.

Clayey to locally sandy.

Composition: rhythmically interbedded sandstone and shale, conglomerate of cobbles and boulders (some as much as 5
ft in diameter) near middle of section, 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;
fresh conglomerate clasts hard, weathéred boulders and some cobbles firm to soft, other cobbles hard.

Fracture: spacing very close to moderate, locally wider, close in weathered shale.

Bedding: distinct, rhythmic sandstone beds, thin to medium, locally thick; very close, imperfect bedding-plane parting in
shale.

Stratigraphic thickness: 3,800 ft; conglomerate 160 ft.

Unnamed sandstone, shale, and conglomerate of

Paleocene age near Point San Pedro

Sandstone and some sheared shale with gouge and hard blocks.

Most bedrock and mantle unexpansive, but some of each expansive. )

Cut-slope stability of bedrock moderate (approaching high), some very low; of mantle
moderate, some very low.

Permeability very low at depth; largely low (ranging from very low to moderate) in shal-
low bedrock; largely moderate (some extending to very low) in mantle.

Most weathered bedrock can be trenched; much fresh bedrock can be ripped, but much
requires heavy ripping or blasting.

Much fill lacks clay and oversize fragments, but some is clayey and some contains over-
size fragments.

Bedrock and surficial mantle generally unexpansive; gouge, se-
verely sheared shale, and clayey surficial mantle expansive.

Moderate (approaching high) average stability in bedrock, de-
spite very low in sheared shale (1/10 of unit).

Moderate approaching high where structure is adverse.

Very high where structure is favorable, very low in sheared shale.

Moderate average stability in mantle, very low in clayey tenth of
unit.

Very low at depth.

In shallow bedrock, gouge and severely sheared shale very low,
but moderately sheared shales low and sandstone and shale
low to locally moderate, due to opening of fractures.

Moderate in sandy surficial mantle, low to very low in clayey
mantle.

Sandy surficial mantle can be trenched with ease, clayey mantle
may be sticky when wet and difficult to trench when dry.

Most weathered sandstone and shale can be trenched, largely
with difficulty; fresh sandstone and shale can be ripped where
bedding or well-developed shear surfaces are closer than 3
feet, elsewhere requires heavy ripping or blasting.

Gouge and severely sheared shale can be trenched, easily where
weathered, some with difficulty where fresh; may be sticky
when wet and difficult to trench when dry.

Much fill lacks clay and oversize fragments, some is clayey and
some contains oversize fragments.

In surficial mantle, generally no clay or oversize fragments, ex-
cept clayey over gouge and sheared shale, clay may be
highly plastic.

In moderately weathered sandstone, generally no clay or over-
size fragments.

In fresh sandstone, some oversize fragments.

In gouge and sheared shale, clayey fill, may be highly plastic;
many oversize fragments.

Generally sandy; clayey over gouge and severely sheared
shale.

Composition: sandstone and approximately 1/5 interbedded siltstone and shale in sequences locally 10 to several hundred
ft thick; local pebble and cobble conglomerate; some variably sheared siltstone, shale, and gouge; gouge and severely
sheared shale and siltstone constitute approximately 1/10 of the unit, and occur in zones less than 500 ft wide, com-
monly less than 100 ft wide.

Hardness: hard where fresh, firm to locally soft where weathered, conglomerate clasts hard to firm, gouge and severely
sheared shale soft to firm.

Fracture: spacing close, locally moderate, in most rock; some rock variably sheared; gouge and severely sheared rock with
shear spacing less than 1/4 in. constitutes approximately 1/10 of the unit.

Bedding: absent in some sandstone; much distinct, thin to very thick (25 ft) bedding in sandstone sequences and in similar
sandstone beds in siltstone and shale sequences that reach several hundred feet in thickness; local conglomerate layers
and lenses 1 to 700 ft thick; shear planes define very close to moderately spaced parallel parting in severely sheared
tenth of unit.

Stratigraphic thickness: thousands of feet.

Sandstone of Franciscan assemblage; Conglomerate of
Franciscan assemblage; Franciscan assemblage undi-

vided

Sandstone and shale.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock high, of mantle moderate.

Permeability low to very low at depth, largely low in shallow bedrock, largely moderate
in mantle.

Most weathered and some bedrock can be trenched, most of remainder can be ripped,
some fresh bedrock may require heavy ripping or blasting.

Fill generally lacks clay and oversize fragments.

Bedrock and surficial mantle largely unexpansive, but signific-
antly expansive locally.

High average stability in bedrock.

Moderate where fracture is adverse, low where bedding is ad-
verse.

Very high where structure is favorable.

Generally moderate in mantle.

Low intergranular permeability at depth in sandstone, very low
where cemented and in clayey rock.

In shallow bedrock, sandstone class unchanged, but clayey bed-
rock low (limited by free clay), due to opening of fractures.

Moderate in most surficial mantle, locally low to very low.

Surficial mantle can be trenched with ease.

Most weathered bedrock can be trenched, some with difficulty,
thick to very thick sandstone beds can be ripped.

Most fresh, thin- to medium-bedded sandstone and shale can be
trenched with difficulty; most fresh bedrock can be ripped;
some hard, very thick sandstone beds may require heavy rip-
ping or blasting.

Generally lacks clay and oversize fragments.

In surficial mantle, local clayey fill.

In moderately weathered bedrock, generally no clay or oversize
fragments.

In fresh bedrock, local oversize fragments.

Largely sandy, local clayey subsoil.

Composition: sandstone, mudstone, and shale; sandstone fine to medium grained, moderately to well sorted, carbonate
cement common in thicker beds.

Hardness: hard to firm where fresh, firm to soft where weathered.

Fracture: spacing ranges from close to very wide (6 ft), commonly moderate to wide; close to very close in weathered
clayey rock.

Bedding: distinct sandstone beds medium to very thick (tens of feet), commonly 1 to 10 ft; sequences of clayey rock thin
to very thick (10 ft).

Stratigraphic thickness: variable, from a few feet to 3,000 ft or more.

Vaqueros Sandstone; Butano Sandstone between Pilar-
citos and San Andreas faults

Sandstone and minor shale.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock high, of mantle moderate.

Permeability largely low in bedrock, largely moderate in mantle.

Most fresh and weathered bedrock requires ripping, some fresh bedrock may require
heavy ripping or blasting.

Fill generally lacks clay and oversize fragments, but some contains oversize fragments.

Bedrock and surficial mantle largely unexpansive, but signific-
antly expansive locally.

High average stability in bedrock.

Moderate (approaching high) where fracture is adverse, low
where bedding is adverse.

Very high where structure is favorable.

Moderate in mantle.

At depth, low to locally moderate(?) intergranular permeability in
sandstone, very low where cemented and in clayey rock.

In shallow bedrock, sandstone class unchanged, but clayey rocks
low (limited by free clay), due to opening of fractures.

In surficial mantle, moderate to locally low.

Surficial mantle can be trenched with ease.

Weathered bedrock can be trenched only locally, most fresh and
weathered bedrock can be ripped.

Hard, very thick sandstone beds with wide to very wide fracture
spacing may require heavy ripping or blasting.

Generally lacks clay and oversize fragments, but oversize frag-
ments in some places.

In surficial mantle and moderately weathered bedrock, generally
no clay, but some oversize fragments.

In fresh bedrock, some oversize fragments.

Largely sandy, local clayey subsoil.

Composition: sandstone and less than 10 percent mudstone and shale; sandstone very fine to very coarse grained, some
thicker beds carbonate cemented; local conglomerate of pebbles, cobbles, and boulders as much as several feet in di-
ameter; clayey rock in sequences locally as thick as 200 ft.

Hardness: sandstone firm to hard where fresh, hard where cemented, firm to soft and friable where weathered; conglomer-
ate clasts hard; clayey rock firm to soft.

Fracture: spacing moderate to very wide, locally close; in weathered clayey rock close to very close.

Bedding: medium to very thick (30 ft), distinct to locally indistinct.

Stratigraphic thickness: 500 ft near Half Moon Bay, 9,000 ft at Butano Ridge.

Lompico Sandstone; Butano Sandstone near Butano
Ridge

Sandstone, conglomerate, mudstone and shale.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock high, of mantle largely low.

Permeability very low at depth, largely low in shallow bedrock, moderate to low in man-
tle.

Some weathered bedrock can be trenched, most of remainder can be ripped, some rock
may require heavy ripping or blasting.

Fill generally lacks clay, some contains oversize fragments.

Bedrock and surficial mantle largely unexpansive, but signific-
antly expansive locally.

High average stability in bedrock.

Moderate where fracture is adverse, low where bedding is ad-
verse.

Very high where structure is favorable.

Low average stability in mantle, moderate where sandy, low
where clayey.

Very low at depth.

In shallow bedrock, low to locally moderate due to opening of
fractures.

In surficial mantle, moderate to low.

Surficial mantle can be trenched with ease.

Some weathered bedrock can be trenched with difficulty, most
weathered and much fresh bedrock can be ripped.

Some hard, very thick beds of sandstone or conglomerate may
require heavy ripping or blasting.

Generally lacks clay; some oversize fragments.

In surficial mantle, some clayey fill.

In moderately weathered bedrock, generally no clay, some over-
size fragments.

In fresh bedrock, oversize fragments common.

Sandy to clayey.

Composition: sandstone and abundant interbedded mudstone and shale; includes conglomerate south of Pescadero Point.

Hardness: sandstone hard where fresh, firm to locally soft where weathered; clayey rock firm to hard where fresh, firm
to soft where weathered; conglomerate clasts hard.

Fracture: spacing moderate to very wide (at least 5 ft), locally close; conglomerate clasts generally fractured; close fracture
in weathered clayey rock.

Bedding: distinct sandstone beds very thin to very thick (at least 20 ft), commonly 1/4 inch to 4 ft; sequences of clayey
rock thin to very thick (20 ft).

Stratigraphic thickness: thousands of ft.

Pigeon Point Formation; unnamed sandstone of Mesozoic
age at San Bruno Mountain

Chert and ferruginous shale.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock high (approaching very high), of mantle moderate.

Permeability very low at depth, low to moderate in shallow bedrock, moderate in mantle.

Most weathered and some fresh bedrock can be trenched, most fresh bedrock can be
ripped, some rock may require heavy ripping or blasting.

Fill generally lacks clay and oversize fragments.

Bedrock unexpansive, hydrothermally altered clay significantly
expansive, rare clayey surficial mantle unexpansive to sig-
nificantly expansive.

High (approaching very high) average stability in bedrock.

High where fracture is adverse, moderate where bedding is ad-
verse.

Very high where structure is favorable, locally very low where
hydrothermally altered.

Moderate in mantle.

Very low at depth.
In shallow rock, low to moderate due to opening of fractures.
In surficial mantle, largely moderate.

Surficial mantle can be trenched with ease.

Most weathered and some fresh bedrock can be trenched with
difficulty.

Most fresh bedrock can be ripped, but local thick to very thick
bedded chert may require heavy ripping or blasting.

Generally lacks clay and oversize fragments.
In bedrock, local oversize fragments.
In bedrock altered to clay, very local clayey fill.

Sandy to rocky.

Composition: chert and ferruginous shale, very locally hydrothermally altered to clay.

Hardness: chert hard and brittle, shale firm to soft, clay soft.

Fracture: spacing commonly close, very locally moderate to wide.

Bedding: distinct, rhythmic interbedding of thin to medium chert beds with very thin to thin shale beds, locally thick to
very thick beds or masses of chert.

Stratigraphic thickness: lenticular bodies a few feet to as much as 250 ft thick.

Chert of Franciscan assemblage

Limestone and marble.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock very high, of mantle moderate to low.

Permeability very low at depth, low to moderate in shallow bedrock and mantle.

Some weathered bedrock can be trenched, most bedrock can be ripped, some may re-
quire heavy ripping or blasting.

Fill generally lacks clay, contains many oversize fragments.

Bedrock and surficial mantle generally unexpansive, but mantle
significantly expansive locally.

Very high average stability in bedrock, both where structure ad-
verse and favorable.
Moderate to low in mantle.

Very low at depth.
In shallow rock, low to moderate due to opening of fractures.
In surficial mantle, moderate to low.

Surficial mantle and weathered hornfels can be trenched with
ease.

Some weathered bedrock can be trenched with difficulty where
fracture spacing is close to moderate.

Most bedrock can be ripped; heavy ripping or blasting may be
required where fracture spacing is wide to very wide.

Generally lacks clay, but oversize fragments common.
In surficial mantle, some clayey fill.
In bedrock, oversize fragments common.

Sandy to clayey.

Composition: finely to coarsely crystalline limestone with interbedded chert; finely to coarsely crystalline marble, graphitic
marble, and quartz-mica hornfels.

Hardness: hard, except hornfels soft where weathered.

Fracture: spacing close to very wide.

Bedding: variable; unbedded to distinctly bedded limestone in medium to thick beds, with thin to medium beds of chert;
marble unbedded to indistinctly bedded, locally foliated.

Stratigraphic thickness: lenses and bodies several feet to 400 ft thick.

Limestone of Franciscan assemblage; marble and hornfels

Granitic rock.

Bedrock and mantle largely unexpansive.

Cut-slope stability of bedrock very high, of mantle largely moderate, some low.

Permeability very low at depth, largely low in shallow bedrock, largely moderate in man-
tle.

Most weathered bedrock can be trenched, most fresh bedrock can be ripped, some rock
requires heavy ripping or blasting.

Fill generally lacks clay, but contains oversize fragments.

Bedrock unexpansive; surficial mantle, disintegrated granite, and
clay seams largely unexpansive, but significantly expansive
locally.

Very high average stability in bedrock and disintegrated granite.

High where structure is adverse, moderate to high in disinteg-
rated granite.

Very high where structure is favorable.

Generally moderate in mantle, but locally low where subsoil is
clayey.

Very low at depth.

In shallow rock, low to locally moderate due to opening of frac-
tures.

In surficial mantle and disintegrated granite, generally moderate
(ranges from low to high).

Surficial mantle and disintegrated granite can be trenched,
largely with ease, except where weathering cores are large.
Weathered bedrock can be trenched with difficulty where frac-

ture spacing is close to moderate.
Most bedrock can be ripped, heavy ripping or blasting is required
where fracture spacing is wide to very wide.

Generally lacks clay, but oversize fragments common.

In surficial mantle and decomposed granite, local oversize frag-
ments.

In bedrock, oversize fragments common.

Sandy, locally with clayey subsoil; decomposed granite loc-
ally extends many tens of feet in depth.

Composition: granitic rock, largely quartz diorite, medium to coarse grained; some aplite and pegmatite; in many places
weathered to granular disintegrated granite to depths of 10 to 100 ft.

Hardness: hard; disintegrated granite soft, except for hard, spheroidal weathering cores of medium to large size.

Fracture: spacing ranges from close to wide or very wide, commonly close to moderate.

Bedding: absent; weakly foliated by preferred orientation of mica; aplites and pegmatites tabular, medium to thick.

Stratigraphic thickness: many thousands of feet.

Granitic rocks of Montara Mountain

Blocks of metamorphic rock.

Bedrock unexpansive.

Cut-slope stability within blocks very high, whole blocks may slide.
Permeability very low to low or moderate(?).

Large blocks generally require blasting.

Fill largely oversize fragments, blocks larger than 5 feet common.

X

Bedrock unexpansive.

High stability in bedrock cuts within blocks with adverse struc-
tural orientation, block boundaries may form failure surfaces,
rock strong enough for steeper cuts.

Blocks may fall.

Very low permeability at depth.

In shallow rock, opening of fractures yields low to moderate per-
meability.

Permeability of surficial mantle moderate to low.

Most hard blocks require blasting where too large to handle
whole, moderate to widely fractured blocks in weathered
zone can be ripped.

Fill consists largely of oversize fragments; intact blocks larger
than 5 feet common.

Surficial mantle largely absent.

Composition: metamorphic rock, commonly glaucophane schist, some quartz mica granulite, finely to coarsely crystalline.
Hardness: hard

Fracture: moderate to very wide, occurs as blocks one foot to several hundred feet in diameter.

Bedding: unlayered, except commonly foliate.

Stratigraphic thickness: controlled by block size.

Metamorphic rocks of Franciscan assemblage

Sheared and shattered rock along faults and in landslides.

May be clayey and expansive or have opened fractures, giving reduced cut-slope stabil-
ity, very low or increased permeability, generally easier excavatability, and smaller
rock fragments or more clay in fill.

FAULTS
AND
LAND-
SLIDES

Expansivity like that of adjacent units, except gouge and overly-
ing surficial mantle may be expansive.

Gouge and sheared rock low to very low regardless of structural
orientation.

Unsupported fault surfaces and slip surfaces in landslides will fail.

Otherwise, stability generally lower than adjacent units.

Permeability in hard rock along faults at all depths may be low
to locally moderate because of open fractures; sheared rock
and gouge probably have very low permeability at all depths;
in landslides permeability probably low to locally high, even
at depths of many tens of feet, due to opening of fractures;
slip surfaces probably have very low permeability.

Similar to adjacent units, except gouge and sheared rock can be
trenched and may be sticky when wet, and closer fracturing
may make otherwise impractical ripping or trenching feasible.

Fill similar to that of adjacent units, except gouge and sheared
rock contain much clay that may be highly plastic, and closer
fracturing in hard to firm rock may result in smaller frag-
ments.

Like that of adjacent units, except probably clayey over
sheared rock and gouge along faults.

Composition: landslides and zones along faults consist of materials of adjacent or underlying units with sheared rock and/or
gouge along surfaces of movement, especially in clayey rocks.

Hardness: similar to adjacent or underlying units, except sheared rock probably firm to soft and gougesoft; weathering
may extend deeper than elsewhere.

Fracture: interior of landslides and rock adjacent to faults likely to be more closely fractured; fractures more open and open
to greater depths.

Bedding: fault surfaces and shear planes in sheared rock are surfaces of weakness, spacing variable.

Stratigraphic thickness: landslides extend several tens to possibly more than a hundred feet deep, faults extend thousands
of feet deep.

Faults and large landslides
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USE OF TABLE 1

Table 1 describes the physical properties and inferred engineering characteristics of
the hillside materials units shown on the map of San Mateo County (sheet 1). The
descriptions are based on reconnaissance field observations and are generalized for
each kind of rock in each unit. Table 1 is not a sufficient basis for site decisions or
foundation or grading designs; its proper use is in less specific considerations such
as general planning, preliminary evaluation of land, design of investigations, and gov-
ernmental review of proposals.

Materials Described

Table 1 describes the hillside materials of the County in terms of the 22 materials
units shown on the map. For each unit, three idealized weathering phases are consid-
ered:
surficial mantle — (see below);
moderately weathered bedrock — a bedrock zone typically 10-30 ft thick beneath
the surficial mantle in which fractures and distinct bedding planes are weak
and slightly open, weathering fractures occur in clayey rock, hardness is com-
monly reduced relative to fresh rock, and free (mobile) clay is present in ap-
propriate types of rock;
fresh bedrock — all rock beneath the gradational base of the zone of weathered
rock.
A fourth phase is described for two units (K and W):
decomposed rock — a bedrock weathering zone tens to a hundred feet thick be-
neath surficial mantle in which scattered residual cores of fresh rock are en-
closed in a soft, granular to somewhat clayey mass altered in place from fresh
rock.
Most units contain more than one kind of rock. These are described, but their distri-
butions within units have not been mapped; their occurrence ranges from various
scales of interbedding to grosser distribution along or across the extent of the unit.

Place Character and Character Distribution

The report is most readily used to determine the likely character of places or areas
of interest. Find the place on the map, determine the materials unit involved, and
consult the table for that unit. If the weathering phase or rock type of interest is
known, then more precise estimates can be extracted than if the full heterogeneity
of the unit must be considered.

If the objective is to find the areal distribution of all places with a particular charac-
ter, first consult table 1 and the explanatory material and cast the criteria in terms
compatible with the available information. Then identify the appropriate units from
the table and find them on the map. Within the uncertainties posed by the
heterogeneity of the units, a great variety of single-factor maps can be constructed
in this fashion.

Terminology

The meaning of many words as used in table 1 is more specific than as used in
common speech. Some are standard geologic terms (see, for example, Bates and
Jackson, 1980). Others, such as hard, low, and close, are specially used here to de-
scribe physical properties or the measuring scales for the engineering characteristics,
and are defined below.

EXPLANATION OF TABLE 1

Predominant Character

The general composition and engineering character of the units is generalized from
the several specific columns. Together with the unit descriptions in the map explana-
tion, these summaries provide a framework for reading the specific columns and
allow general comparisons between units.

Expansivity

The inherent capability of bedrock and surficial mantle to swell significantly under
light loads when wetted is described in terms related to the expansion index of the
Uniform Building Code (International Conference of Building Officials, 1973). The
measuring scale (fig. 1) describes expansivity in three categories of free swell
(Krynine and Judd, 1957), which in turn relate to the UBC expansion index:

unexpansive — very low to low expansion index

significantly expansive — materials yield mixed medium to very high expansion

index

severely expansive — high to very high expansion index
Free-swell measurements on selected samples (figs. 1 and 2), together with field ob-
servations of clay, plasticity, and shrinkage cracks, are used to determine the expan-
sivities described. The amount of expansion experienced in given situations will also
depend on the thickness of the expansive material and its actual change in water con-
tent, factors that are controlled by local field conditions.

Cut-Slope Stability

The stability of cuts in moderately weathered bedrock and in surficial mantle is de-
scribed for 2:1 (horizontal:vertical) cut slopes 30 feet high in bedrock and 6 feet in
mantle, in terms of the expected percentage of significant failures in 50 years:

very high — no cuts fail

high — few, if any, cuts fail

moderate — some cuts fail

low — many cuts fail

very low — most cuts fail
Stability of bedrock cuts is estimated both for adverse structural orientation, in which
planes of weakness along bedding or throughgoing fractures are left unsupported by
the cut; and for favorable structural orientation, in which unsupported planes of
weakness are absent. An additional entry describes average stability of bedrock, for
which random orientations of cut slopes and planes of weakness are assumed; this
yields an estimated 10 percent of a unit with adverse bedding, 20 percent with ad-
verse fracture, and 70 percent with favorable structural orientation.

Permeability

Permeability to water is described for three idealized phases of material: fresh bed-
rock at depth (several hundred feet beneath the ground surface); moderately weath-
ered bedrock (within several tens of feet of the surface); and surficial mantle already
saturated with water. The permeability is expressed in terms of four categories of the
coefficient of permeability in Meinzer units (see Johnson, 1964) that approximately
correlate with well yields in saturated rock (Todd, 1959; Wenzel, 1942; and Johnson,
1964):

high — industrial and municipal wells (greater than 102 Meinzer units)

moderate — domestic wells (10 to 103)

low — poor wells at best (102 to 10)

very low — impervious (less than 10 ~2)
Permeability at depth is assumed to result principally from intergranular pores,
whereas in shallow, weathered rock, open fractures increase the total permeability to
the extent they are not clogged with clay.

Excavatability

Ease of excavation of the natural materials in place is described in terms of three
index methods of excavation—trenching, ripping, and blasting:
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can be trenched — dig a trench 2 feet wide and as deep as 10 feet, using a Case
580* or equivalent backhoe
with ease — dig largely by drawing bucket through material
with difficulty — requires extensive loosening of pieces by plucking with bucket
teeth
requires ripping — break up material on an open surface using one ripper tooth
on a Caterpillar D8* or equivalent crawler tractor
requires heavy ripping or blasting — ripping with heavier equipment or tandem
tractors, or blasting or other special techniques to break up rock.
Although these index methods are typically used for different types of excavations,
they form a series of increasing difficulty: material that requires ripping cannot be
trenched, and material that requires heavy ripping or blasting cannot be ripped.

*Use of trade names is for descriptive purposes only and does not imply endorsement by the U.S. Geological
Survey.

Character of Material as Fill

The presence of a significant amount of clay, highly plastic clay, or oversize rock
fragments is estimated for fill after excavation of the natural material and mechanical
handling and compaction:

clayey fill — fill contains more than 1/3 clay

highly plastic clayey fill — more than about 1/3 severely expansive clay

oversize fragments — more than 5 percent rigid rock fragments with diameter
greater than 6 in.

Texture of Surficial Mantle

The presence of more (clayey) or less (sandy) than about 1/3 clay in surficial man-
tle is estimated from bedrock composition and limited field observation. The presence
of a clayey subsoil (B horizon) on gentle slopes is reported where known. The surfi-
cial mantle forms from bedrock by weathering and blankets weathered bedrock in the
county as a layer a few inches to ten or more feet thick. Although for the description
in table 1 it is assumed that the mantle occurs over the bedrock from which it formed,
on all but the gentlest slopes it actually is moved downslope gradually by soil creep
and running water: the steeper the slope, the more severe the effect. The mantle is
commonly thicker (colluvium) near the toes of slopes and in adjacent swales. Where
surficial mantle is of concern, therefore, the interrelations of topography, slope, and
contrasting nearby units should be considered to estimate the likely mantle thickness
and any contribution from upslope sources.

Physical Properties of Bedrock

The basic physical properties of bedrock that bear on the engineering characteris-
tics are described from field observations: composition, hardness, fracture spacing,
and bedding character and thickness. The various rock types composing each unit
are indicated, and where possible their proportions are estimated.

Standard geologic terminology is used, supplemented by special classifications for
rock hardness, bedding thickness, and fracture spacing that have been developed or
adapted for this report. Rock hardness is described by the response of the material
to a geologic hammer (table 2). Bedding is described in terms of both thickness of
beds (table 3) and prominence of bedding contacts. Bedding is distinct where there
is strong textural contrast across sharply defined contacts, and indistinct where con-
tacts are gradational or contrast is weak. Parallel parting is the opening or breaking
of rock along parallel surfaces. All distinct bedding planes in and adjacent to clayey
rock are assumed to be parting surfaces; other parallel parting is specifically men-
tioned. Most fresh bedrock is broken by fractures across which the rock has little or
no strength; in many rocks weathering weakens or forms others as well. The spacing
of fractures (table 3) is described as the closest distance between adjacent fractures
(or the shortest dimension of fracture-defined fragments).

Table 2.—Rock hardness
Expressed as the response of a geologic hammer struck with moderate force
against outcropping rock or intact pieces with diameter more than 6 in.
Hard — hammer head bounces with solid sound
Firm — hammer head dents with thud; pick point dents or penetrates slightly
Soft — pick point penetrates

Table 3.—Fracture spacing and bedding thickness

Inches Bedding Fracture
Thickness Spacing
0-1 very thin very close
Vo- 2 thin close
2-12 medium moderate
12-36 thick wide
>36* very thick very wide

*Maximum dimension generally specified.
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Figure 1.—Free-swell values of reconnaissance samples of surficial mantle (circles) and bedrock (squares), and expansivity
categories. Sample locations (fig. 2) are identified by sample number (to right of symbol) within each quadrangle (number
to left of symbol). Samples of gouge and severely sheared rock from units H, I, and P are plotted in the column for unit
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Figure 2.—Locations of free-swell samples in San Mateo County. Samples are numbered within numbered 7-Y2 minute quad-
rangles (in boxes). Simplified faults and contacts show the relation of the samples to the units of the materials map (sheet

1).



