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EXPLANATION

Artificial ﬁ.ll or cut

Qsw

Slopewash
‘Soil and rubble

Qal
Alluvium
Qtg
=]
Terrace deposits

Gravel, sand, silt and clay.
Locally capped by gravel (Qtg).

Orinda Formation
Generally soft sandstone, siltstone, and claystone,
some hard sandstone and conglomerate units.

Top = Pinole member
Tuff, tuff breccia and
tuffaceous sediments.

Tom = Moraga Basalt member
Vesicular and dense
nonvestcular basalt.

I
Neroly Formation
Sandstone and shale grading upward
to increasing proportion of shale and
some conglomerate. sh denotes two

main shale uniis.

ic

Cierbo Sandstone )
Massive to well bedded, fine to coarse grained,
abundantly fossiliferous sandstone.

N ODieN
=
Briones Formation

Tha = Shale member
Clay shale and shaly stltstone.
Fossiliferous sandstone unit
not everywhere mapped.

Tbs = Sandstone member
Mostly fine- to coarse-grained
sandstone interbedded with shaly
siltstone and mudstone.

Rodeo Formation
Shale: porcelaneous fissile and friable
mudstone, argillaceous stltstone and shaly
fine-grained mudstone, sandstone.

Hambre Sandstone
Interbedded fine-grained sandstone and shale.

Sobrante ormation (9]

Hard pebbly sandstone and coarse-grained
sandstone overlain by massive stltstone.

Tsr

San Ramon Formation
Hard, gray to blue gray fine-grained sandstone.

T8
Te oh

Upper Eocene, Undifferentiated
Interbedded clay shale, siltstone, and
mainly fine-grained sandstone;

'ss denotes sandstone unit; sh, shale.

Del Valle Formation(?) |
Interbedded and chaotically tntermized
shale, siltstone, sandstone and conglomerate.
88 denotes sandstone unil; sh, shale. Not
everywhere separated.

Table 1

Stratigraphic and Physical Data of the Rocks in the Southwest Quarter of the Walnut Creek 7 V2-Minute Quadrangle

Map Unit and Thickness

Age and Correlation

General Description

Weathering and
Soil Development

Slope Stability

Workability

Remarks

Artificial fill or cut- . oo _______ (Quaternary) Appears generally to be mixture of locally obtained rocks; most street | None. Fill ranges from good to poor | Depends on composition and | Fill composed largely of soil, or
Holocene. and other small cut-and-fill areas not shown. depending on compaction and amount of coarse rubble or rip- placed on soil-covered slopes, is
site preparation. Cuts in weak rap. apt to fail.
rocks commonly cause slope
failures.
Slopewash (soil and weathered | Quaternary. Fragments of the more resistant bedrock units mixed with various Poor when wet. Works easily; adobe forms trouble- | Adobesoils expansive; troublesome
roc| amounts of soil through a range that includes deposits comprised some mud when wet. to slab structures; should be re-
wholly of soil and organic debris; swale deposits accumulations with moved from foundation sites.
moreadmixed organic material, generally more plastic and expansive;
locally thickened by landslide debris.
Gravel terrace capping 0-504= | Quaternary. Interbedded clay, silt, sand, and gravel of irregular thickness; contains | Yields loamy soil with compact, | Poor in cuts and along stream | Works easily. Permeability probably uneven due

eet
Terrace deposits 0-100= Feet

Yielded Pleistocene fossils
(Savage, 1951).

channel and fill structures; commonly capped by gravel; may include
slide debris locally.

clay-rich B horizon grading
downward into sand, clay,
clay-rich loam.

cement,.

banks; gravelly, sandy layers
near surface more stable, prob-
ably due to clay, iron oxide

to irregularly distributed clay-
rich lentils; gravel too sparse
(too little land available) to be
source of aggregate.

Orinda Formation* 5,000+ Feet

Pliocene.

Includes Mulholland Forma-
tion (Ham, 1952) and prob-
ably equivalent to Contra
Costa Group (Savage, 1951);
appears conformable on Neroly
Formation on Lafayette Ridge;
faulted, possibley buttressed
against older rocks along Las
Trampas fault. Unconform-
able on lower units of Neroly
east of Las Trampas fault.

Primarily soft, poorly consolidated, gray, gray-green, tan, and reddish-
brown clay shale, siltstone, sandstone, and sandy conglomerate and a
few thin units of tuff; an undetermined but subordinate proportion
of widely spaced, moderately hard sandstone and conglomerate units
as much ag 100 feet thick; limy, concretionary beds in what appears
to be upper part of this faulted and folded section.

Generally yields deep, clay-rich,
coherent, expansive, adobe-
type soil.

Poor except on favorably situ-
ated firm sandstone and con-
glomerate units.

Generally works easily; somesand-
stone and conglomerate units
might be difficult for light earth-
moving equipment. Selected ma-
terial might make good com-
pacted fill blend.

Rocks lying above, between and
below Moraga basalt member
and Pinole member included in
this formation because of quali-
tative similarity; contained
gravel and gravel yield to stream
deposits too small to be of com-
mercial interest; permeability
generally poor except in sandier,
coarse-grained units.

Moraga Basalt Member of the
grinda Tormation* 30-100-(?)
eet

Pliocene.

Lithologically similar to the
rocks exposed to the west in
the Berkeley Hills, named by
A. C. Lawson (1914); said by
Taliaferro (1951, p. 143) to
‘. . . interdigitate with the
Orinda . . ."”

Basalt, dense to fractured and weathered; locally vesicular and amyg-
daloidal; softer, more porous material more common in upper part of
flow ar sequence of flows but no consistent layering.

Weathers to stony, clay-rich,
loamy soil.

Good; stands wellin cuts; over-
lain and underlain by silt and
clay shale which pose under-
cutting, drainage, differential
settling and sliding hazards.

Fairly easy to work due to weath-
ering and fractures but material
deeper than five or six feet likely
to be too hard for light earth-
moving equipment,

Good foundation stability but
foundations should not overlap
subjacent or superjacent rocks;
generally fractured enough to
afford fair permeability; good
riprap and road base.

Pinole Tuff Member of the Orinda
Formation* 400(?) Feet

Pliocene.
Age date 5.2 million years, KA
(Evernden, et al., 1964); ap-
pears continuous with rocks so
designated by Ham (1952).

Principally white, vitric tuff or tuffaceous breccia with interlayered an-
desite, tuffaceous shale, and sandstone; east of Las Trampas fault
includes gray, tuffaceous breccia containing glass blebs and cherty,
silicified tuff.

Yields heavy-textured, adobe
soil, which 1s apt to be thin or
broken by bedrock exposures
on slopes.

Excellent to poor depending on
local composition, weathering,
and structure.

Most exposures appear easily
worked; vitric tuff in bed of Las
Trampas Creek north of Topper
Court might require blasting;
silicified material on ridge east
of Glenside Road might be diffi-
cult to work but appears to be in
thin beds.

Foundation stability range good to
bad, as with slope stability; gen-
erally permeable through a wide
and uneven range;some material
quarried, probably for road base.

Neroly Formation 1,400 Feet

Upper Miocene and Pliocene (7).
Conformable on Cierbo Sand-
stone: base drawn at bottom
of lowest mappableshale unit;
identified from descriptions of
Hall (1958), Ham (1952),
Pease (1954).

Lower half comprises basal buff-to-gray, weathering, shaly, fine-grained
sandstone, siltstone, and mudstone, with local concentrations of
carbonaceous debris, overlain by 300 feet of gray to purplish, coarse-
graingd and buff-weathering shale; upper half tan-weathering shaly |  conglomerate.
sandstone units ranging from 10 to 130 feet thick interbedded with
magsive-to-well-bedded, gray-to-buff sandstone becoming conglom-
eratic in the upper 100 feet; above this, a distinctive lavender-to-
light-gray shale grading upward into about 50 feet of soft tan sand-
stone and shaly sandstone capped by 104 of conglomerate.

Weathers to heavy, clay-rich
soil deeper over shale and thin
to absent over sandstone and

{if undercut.

Good on sandstone; fair on shaly
sandstone; poor on shale units,
upper part of section subject
to slumping: bedding plane
failure (block gliding) likely

Works easily except lower massive
sandstone unit, which might rip
with difficulty where free of
Joints and shears; aqueduct tun-
nel mole drove as much as 100
feet a day through these rocks
in fault block west of Las Tram-
pas fault.

Poor permeability in shale units,
moderate to good in sandstone
if sheared, fractured or jointed;
probably poor in thick sandstone
units and well-cemented con-
glomerate, has been used for
freeway fill; small quantities of
“‘coal” reported taken from near
base of lowest shale, water now
issuing from caved adit. (Mr.
Brown, Rolling Hills Ranch,
1965).

Cierbo Sandstone 1,500 Feet

Upper Miocene.
Conformable on Briones For-
mation; identified from de-
scriptions of Hall (1958), Ham
(1952), Pease (1054).

Massive and well bedded, fine- to coarse-grained, gray, abundantly
fossiliferous sandstone and pebbly sandstone; pebbles in thin beds
inches to several feet thick, most abundant in upper 200 to 300 feet;
fossilg generally concentrated in hard, concretionary beds several
inches to several feet thick—rarely, several tens of feet thick.

Weathers to heavy loam; forms
rounded ridges with abundant
rock outerops, especially fos-
siliferous beds.

Good; stands wellin steep cuts.

Difficult to excavate; strongly ce-
mented, fossil-rich beds may re-
quire blasting where thick or
abundant,.

Permeability good where weathered
and fractured; fresh rock poor;
fossiliferous, concretionary beds
impermeable; very little crush-
ing and fracturing near faults;
a source of crushed rock (Davis
and Goldman, 1958).

Briones Formation (shale member)
500 Feet

Upper Miocene,
Conformable on sandstone
member, Identified from Hall
(1958), Ham (1952), Pease
(1954).

Clay shale interbedded with subordinate proportions of shaly siltstone.
Upper half of member includes sandstone unit about 100 feet thick
containing resistant, concretionary fossil beds in some outcrops. Sand-
stone not everywhere mapped.

Yields a heavy adobe-type soil.

fragments.

Poor, especially in and near fault
zones ; tends toslake and swell
in cuts forming small angular

Easily worked, generally highly
fractured.

Low permeability. Sandstone unit
more stable but might be subject
to slump or block gliding on sub-
jacent shale. Should compact
wellin fill,

Briones Formation (sandstone
member) 800+ Feet

Upper Miocene.
Conformable on Rodeo Shale.

Predominantly fine-grained to coarse-grained, gray, buff- to brown-
weathering sandstone in units 25 feet to 200 feet thick, interbedded
with shaly siltstone and mudstone units ranging from ten to as much
as 60 feet thick; sandstone commonly fossiliferous.

Weathers to clay-rich loam.

Generally good;
gully, slump to moderate ex-
tent, more in fault zones;
block gliding potential hazard.

shale units

Easily worked, highly jointed and
fractured; some sand units might
resist light earthmoving equip-
ment.

Permeability high to low, depend-
ing on texture of individual unit,
degree of shearing, jointing,
fracturing; alternation of rock
types might cause differential
settling of foundations; appears
to be good mixture for fill.

Rodeo Shale 800 Feet

Middle Miocene.
Intergrades conformably with
subjacent Hambre Sandstone,
identified from descriptions of
Doumani (1957), Ham (1952),
Pease (1954); probably equiv-
alent to all or part of Hall's
(1958) lower Briones member.

Interbedded siltstone and thin, fine-grained sandstone units near con-
tact with Hambre; grades upward into faintly lavender siliceous
shale, yellowish-brown- to dark brown-weathering brownish-black
shale, lissile siltstone and argillaceous siltstone.

ments.

Weathers to heavy adobe-type
soil; slakes and swells in cuts
forming small angular frag-

Poor, butsiliceous shale in lower
and middle parts is fair where
not faulted, dipping down
slope, or undercut.

Works easily, highly fractured.

Permeability low to moderate de-
pending on clay content, frac-
turing, weathering.

Hambre Sandstone 1,000 Feet

Middle Miocene, ]
Identified from descriptions of
Hall (1958), Ham (1952),
Pease (1954); probably in-
cludes part of Hall's “middle
Monterey undifferentiated”.
Base not exposed.

Interbedded, gray, buff-weathering fine-grained, sparsely fossiliferous
sandstone, shaly siltstone and shale; sandstone predominant in upper
half of exposed section, shale in lower half.

Yields clay-rich loam, sandstone
forms rounded ridges with
sparse bedrock outerops.

Not observed in large variety of
circumstances ; probably simi-
lar to Briones Formation; sand-
stone in recent road cut south-
east of Lawson Hill, Briones
Valley quadrangle, shows no
tendency to slump, is breaking
down to fine sand and silt;
shale units probably present.

Appears easy to work; few hard,
fossiliferous, concretions do not
appear to form extensive layers;
shale near axis of Pinole anti-
cline highly fractured.

Permeability moderately high to
low, depending on texture of
unit, degree of shearing, frac-
turing. Appears to be good fill
material, especially with all
unit types blended.

Sobrante Formation 0-600-4 Feet

Middle Miocene.
Lithologically similar to So-
brante of Lutz (1951), Ham
(1952), and Hall (1958); base
not wellexposed; reported dis-
conformable on San Ramon
(Ham, 1952, p. 8).

Hard, pebbly sandstone and coarse-grained sandstone overlain by
massive siltstone,

Conglomeratic sandstone forms
ridges; siltstone yields clay-
rich loamy soil.

Good to fair.

Siltstone works easily; sandstone
and conglomerate might resist
light earthmoving equipment.

Permeability low; volume too
small and too urbanized to be
commercial source of rock.

San Ramon Formation Thickness
undetermined

Oligocene.

Unconformable on Upper Eo-
cene; lithology and strati-
graphic position same as de-
seribed by Clark (1918), Ham
(1952), Pease (1954); outcrop
on Las Trampas Creek just
west of freeway appears to be
that described by Clark (1918,
p. 78-79).

Hard, predominantly fine-grained, tan- to gray-weathering, gray to
blue-gray tuffaceous sandstone; in Calaveras fault zone outcrops
generally crossed by iron-stained fractures.

Weathers to loamy, clay-rich
soil, outerops common.

Good.

Resistant to excavation but prob-
ably fairly easy to rip.

Permeability low except where
strongly fractured; good fill and
riprap.

Upper Eocene undifferentiated
Thickness undetermined

Upper Eocene.
Tejon fauna collected few tens
of feet below contact with San
Ramon (DMG 7).

Gray, brown-weathering, clay shale and siltstone interbedded with
generally fine-grained, brown- to light-buff-weathering, fossiliferous
sandstone (ranging from several feet to more than 100 feet) Shale
contains scattered richly fossiliferous concretions.

Weathers to clay-rich loam and
adobe soil; sandstone units
form rounded ridges.

Slope stability good to fair in
sandstone; some silty sand-
stone spalls and quickly de-
composes to sandy silt on ex-
posure. Shale unstable.

Easy to work.

Permeability moderate to poor in
sandstone depending on grain
size; low in shale; blended sand-
stone and shale good for com-
pacted fill.

Del Valle Formation(?) Thick-
ness undetermined

Upper Cretaceous.

Inoceramus fragments, some
indistinet ammonite-like shell
fragments;lithologicsimilarity
to Del Valle Formation as de-
seribed by Hall (1958) ; might
include rocks of Paleocene or
Eocene age.

Interbedded and chaotically inte mixed gray, brown-weathering shale,
light to dark gray, coarse-pebbly, sparsely-concretionary sandstone
and rust-brown-weathering, sparsely-concretionary and fossiliferous
conglomerate.

Yields loamy, stony, clay-rich
and adobe-type soils; sand-
stone and conglomerate at or
near surface on ridge and
steep slopes.

of feet.

Good to poor; structural com-
plexity requires local investi-
gation because of drastic dif-
ferences in physical properties
of bedrock within a few tens

Fasily worked except for a few
thin, strongly cemented con-
glomerate and sandstone beds.

Wide range of permeability due
to complex structure; as a mix-
ture should make good com-
pacted fill,

* Savage, Ogle, and Creely (1951) proposed the name Contra Costa group, to include rocks of the Orinda Formation,
i joining areas the Contra Costa Group includes additional
formations (Radbruch and Case, 1967). In this report the Orinda Formation is used instead of the Contra Costa
Group of Savage and Ogle because, in the field, no distinction could be made between the Orinda Formation and

Pinole Tuff, a

nd Moraga Formation in this area. In ad

It is evident that the Pinole Tuff and Moraga Formations are products of volcanic events (centered outside the area)
during the continuous deposition of Orinda-type sediments. The work of Ham (1952) and Hall (1958) indicates eastward
and southward feathering out of the volcanic rocks of the Pinole Tuff and Moraga Formation. The problem of units of
formation rank lying within another formation has been negated in the area of this report by reducing the rank of the Pinol

GEOLOGY AND SLOPE STABILITY OF THE

SOUTHWEST QUARTER

OF THE WALNUT CREEK

7%-MINUTE QUADRANGLE, CONTRA COSTA COUNTY, CALIFORNIA

By RICHARD B. SAUL
Geologist, California Division of Mines and Geology
Los Angeles, California

ABSTRACT

The southwest quarter of the Walnut Creek 7%-
minute quadrangle is in a hilly terrain of complex
faulting and landsliding. Most of the rocks are marine
in origin, ranging in age from Upper Cretaceous (?)
to Quaternary with subordinate basaltic flows and
pyroclastic material. Most of the sedimentary rocks
are Miocene and comprise the Hambre Sandstone,
Rodeo Shale, Briones Formation, Cierbo Sandstone,
and part of the marine-nonmarine transitional rocks
of the Neroly Formation; about one-quarter of the
mapped area is underlain by the nonmarine Orinda
Formation of Pliocene age. The steeply dipping,
northwest-trending Calaveras and Las Trampas faults
are the most important structural features of the
mapped area and are the most probable sites of future
seismicity. Most of the landslides in the mapped area
are the slump type and are concentrated along fault
lines, outcrops of weaker rock types, and oversteep-
ened stream banks.

INTRODUCTION

Suburban growth in the San Francisco Bay region
has led to an increased recognition of problems of
slope stability. Wise land use decisions in this seismic
and geoclogically complex region require a detailed
understanding of the geology.

Walnut Creek and the adjoining communities of
Lafayette and Pleasant Hill are areas of moderately
rapid urban growth. These communities lie in a re-
gion of widespread landsliding and athwart, or in close
proximity to, the active Calaveras fault zone. These
geologic features pose major problems to orderly land
development in this area.

Geologic Setting

The San Francisco Bay Area is crossed by an active,
north-northwest-trending fault system comprising,
from west to east, the zones of the San Andreas, Hay-
ward, and Calaveras faults (index map). The area of
this report lies adjacent to and west of the trace of the
Calaveras fault on the eastern edge of the Berkeley
Hills. These hills comprise a belt of faulted anticlinal
and synclinal folds that roughly parallel the trace of
the Hayward and Calaveras faults (Jennings and Bur-
nett, 1961; ‘Taliaferro, 1951, op. p. 128; Page, 1966,
p. 265). Folds and faults in the mapped area reflect
adjustment to strain resulting from differential, right-
lateral movement between the large block underlying
the Berkeley Hills west of the Calaveras fault zone
and a block, including the Mount Diablo region, east
of the Calaveras fault zone.

Rocks in the mapped area range in age from Upper
Cretaceous (?) to Quaternary. Marine and transitional
marine-nonmarine sedimentary rocks are dominant.
The latter group of strata is Mio-Pliocene in age and
includes minor proportions of volcanic rocks. The
strata exposed in the area are not homogeneous; they
comprise interlayered units which range from firm,
ridge-forming sandstone to claystone barely stronger
than the soil that forms upon it. Variations in slope
stability reflect these diverse factors.

FAULTS

In the vicinity of Walnut Creek, the northwest-
trending Calaveras fault is the most important struc-
tural feature and the most likely site of both seismic
and nonseismic earth movements. Another major fault,
the Las Trampas fault, parallels the Calaveras fault
about 2 miles west. :

Calaveras Fault

The Calaveras fault is a plane of separation and
right-lateral movement between two major structural
blocks. Lawson (1914), who originally called it the
Franklin fault, described the Calaveras fault as a thrust,
with the northeast block upthrown. West over east

ing or fault planes related to the trace of the Calaveras
fault are exposed at several places near Walnut Creek.

Much of the true nature of the Calaveras fault zone
in the Walnut Creek-Pleasant Hill area is obscured by
alluvium, streets, and buildings. It is evident, however,
that the zone is a complex zone of many faults. Exist-
ence of the fault trace beneath the alluvium is indi-
cated by topographic features northwest of Pleasant
Hill School. The alignment of ridges, truncated spurs,
valleys, swales, ravines, and landslides extends this
trace northwest into the Briones Valley quadrangle.

At Walnut Creek the apparent relationship of the
Sobrante Formation (middle Miocene) and the Briones
Formation (upper Miocene) suggests that the follow-
ing strata are missing: the Claremont Shale (middle
Miocene), the Oursan Sandstone (middle Miocene),
and the Tice Shale (middle Miocene). These strata are
not exposed in the mapped area but are present in the
Las Trampas Ridge quadrangle (Ham, 1952) and the
Pleasanton area (Hall, 1958) to the south, and in the
Orinda area to the west (Pease, 1952). Also missing
are the Hambre Sandstone (middle Miocene) and the
Rodeo Shale (middle Miocene).

Byerly (1951, p. 159) and Richter (1958, p. 476)
consider the Calaveras fault zone to be active. Page
(1966, p. 274) suggests that the Calaveras fault zone
“. . . might be considered to be only dormant.” Rich-
ter attributes a 5.4-magnitude shock of October 24,
1955, (epicenter between Walnut Creek and Concord)
to this fault; but no such event in recent times appears
to have produced any surface rupture significant
enough to be readily recognized in the immediate
vicinity of the city of Walnut Creek.

Las Trampas Fault

As mapped in this work, the Las Trampas fault has
been traced through a more northerly course than
that portrayed by Lawson (1914). The Las Trampas
fault is roughly parallel to the Calaveras fault zone;
the plane of the fault is essentially vertical.

Early in September of 1967, a smooth-walled,
12-foot diameter aqueduct tunnel was bored through
the Las Trampas fault about 200 feet below the surface
in the southeast end of Lafayette Ridge southwest of
Acalanes High School. About a week later, a right-
lateral offset of approximately 1 inch was noted on a
slip-plane of the fault. This movement probably was a
local rebound of stressed fault zone material although
it may be evidence of creep movement on the Las
Trampas fault. No surface evidence of such movement
was observed but it is significant that the Las Trampas
fault is under stress.

_ Although there is a consistent component of separa-
tion in the right lateral sense (plate 1), the apparent
horizontal separation of corresponding geologic fea-
tures on either side of the Las Trampas fault is not
consistent. The inconsistency may be assumed to have
been introduced by unevenly distributed, and difficult
to estimate, amounts of vertical movement and fold-
ing. The cause of the stress probably is related to the
nearby Calaveras fault zone. In the area lying between
the Las Trampas fault and the Calaveras fault zone,
the manner in which the Pinole anticline and Rodeo
syncline have been distorted and faulted strongly sug-
gests such stress. The Las Trampas fault may be analo-
gous to the Pleasanton fault 2 miles east of the Cala-
veras fault zone,

FOLDS

The parts of the Pinole anticline and Rodeo syncline
included in the area of this report lie entirely west of,
and are truncated by, the Calaveras fault zone. The
tuncation of these folds and their subsequent segmen-
tation by the Las Trampas fault caused additional
smaller scale folding and faulting. These effects are
most obvious along the west side of the Las Trampas
fault in the Lafayette area where a syncline and prob-
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- U ToOwn St o ; ; southeast sembling toe at base of slope. argely of slopewash. . . . .
Arrow?; show apparent relative movement) O~ — o flanks. ) , ! , ‘ . just west of North Main Street in the city of Walnut
P i 3 47 Slump; Orinda Formation. Older. Erosional oversteepening of slope. Broad, deeply gullied, hummocky Features are obscured by erosion. Creek. This fold was caused by compressional forces
/J Pebbles in soil 2 sll]uﬁnp wiltg Cierli)o Saguﬁistone, and s%mle Older, t'Oeveriqteepf:nim‘;i t};y erosil?n in 1ma- Humint%cky sl‘irfafe onI ﬁ:ilﬂ: zobmzi, Tlllaetbomlldarifs of tlgissl\&gnp m(-le drawn complex. ravine. actin g esiesie i the- Ca] y: f ﬁ; b :
shallow slid- member of Briones Formation. rial weakened by crushing along one of the most intensely disturbed arbitrarily along bounding drainage , 2 i ] averas fau zone u
/‘\./ (probably from conglomerate) ing on scarp. a fault. zones along the Las Trampas fault. 'mum?ﬁb?%u“ this material probably 48 Slump. Orinda Formation. Older. Frosional oversteepening of slope. Mphitheat«lalr-hke, liearlly contin- exten% s ot devermited one, t 1ts
7 is modified by erosion. uous scarp, hummocky slope. .
‘\
3 0000000000000 . . . . . . . . s . .
3 Slump: possi- Shale member of Briones For- Older with Oversteepening by erosion on and Hummocky surface concave am- Water from a spring on the fault in the 49  Slump. Orinda Formation. Younger(?) Erosional oversteepening of slope. Scarp; lobate toe.
P ibl f sh $ d adi . bly some re-  mation and Cierbo Sandstone. at least one  near a fault. phitheater-like headward scarp. scarp area could be a contributing fac- " . ’ ROC K STRENGTH AN D STAB".I TY
ossible zone of shearing and adjustment Mappable conglomerate unit newed shallow recent, small tor. The slide mass appears once to 50  Slump. Orinda Formation. Younger. Erosional oversteepening of slope. Scarp; lobate toe. : 5 v
between units of unlike competence. sliding i.:jl slutélﬁ) on ha,vg been ;oa,]%pﬁd byta, wellé (g})eology o e e e S e e % Foldlng and faultlng has resulted in the local eleva-
3 - ed. ; rinda . 5 rps; hum- . 4 . s .
_______ R Samaals e e L s complex. o underléin by Inbormpetent, fooks. ‘mooky slope:Iobate tos, tion, erosion, and mechanical weakening of rocks in
R probably further weakened by i - ilt-ri
A 4 Ma ble shal it 4 Slopewash Shale member of Briones For- Younger. Oversteepening by erosion on de- Complexly wrinkled, rilled and This feature is barely distinguishable proximity to fault. t_he mapped area. In g_ener al, Clay .and Sllt 1'1C1’1 Sstrata
ppable shale uni slump. mation. formed and sheared shale. slumped surface. from bedrock slide. Considerable quan- s ; ) i 2t ; like those of the Orinda Formation are less stable
Fault plane in section e TRHS DR el b = e e R than coarser grained units such as the Cierbo Sand
au a involved. ancient slide o =
% = cT= & . 3 terrace. 113 3
4 ' (A =away; T'=toward) 5 " 5  Slump. Shale member of Briones For- Older, Erosional oversteepening of dis- Hummocky surface; headward, ba- This slide underlies a heavily wooded . ; Sto,ne' The Stabl_hty Of mixed sequences, SllCh as the
! 4 8 \ s /, Vs Fossil locality, mation; some Cierbo Sand- turbed rocksin and near Las Tram- sin-like ~depression. Downslope slope and is eroded—factors which ob- 53 Slump. Orinda Formation. Older. Erosional oversteepening of slope. Nearly level clearing_down slope Briones Formation and the Hambre Sandstone, de-
i S\ Lo 7 5 (‘ H r. Division of Mines and Geology stone. pas fault. geatélres ta.}ielgu-ge enough to be evi- scure identifying features. from lampm}heat@r-ﬁ;e feamtre; pen ds upon the in tensity o f fracturing relie f ity d the
i ' 5 1: ; 0 0 : . e ent on the base map. irregular surface in_toe area; toe y s
3 . : : i 3 deeply eroded exposing soft, struc- g : o :
D 3 2 & .{:} I"( 6  Slumps. glierlio ISandst%ne mﬂ }slome of Younger. Failliuzg in crl(lishidlanﬂ wea‘;hered Concaivescal;paren, lobate toe,and The z;vo .ad.j]acent' slides are of ap- ture-less bedrockpmaberial. dlp of _tthe %ehdding nr eilatlo'rcll(flo the OUtfcrt (l?lp il{t écllny
s e shale member of the sandstone and shale in and near irregular surface. parently similar origin. . 5 : glven site. € lower and mi € parts o € kkodeo
A Briones Formation. fault zone. 54 Slump. Orinda Formation. Older. i i lope. ly level bel hi- There is some evidence of repeated fail- a
s : Shear zone ot £ B - e O e allhe ¥ecives: ARy e iy il fars Vi ol featren Shale are siliceous and consequently more stable. The
) = : B 5 : / LANDSLIDES 7 Sluuﬁpﬂand %ha.le Tember of Briones Older, Failure gk alop un%elilninpby e AL OrgtrupVITERGERIEgestd t‘e::{; i:f ;];is surface; toe eroded exposing struc- are subdued by erosion. effect of beddlng as a control of direction of failure is
\ s ; i : - o N L/ earth flow. 'ormation. weathored shale, base of slope pos- and irregular surface. area, this shale unit is contorte ture-less bedrock materials L dIr I
Qt : l 0 i A = RN T~ — ' 3 / +> sibly undercut by water course; possibly sheared. : ; ’ : o i commonly secondary to fracturing in the fine-grained
: N -~ b 3 ’ . " 3 ; ope; , , lo- 1 3 S ¥ s
! *o 7/ < = ==~ : e ! A 2 Kicls of embickine b 1 e c d e Sh SR = bE;g:;ocxlx{a]sivggtst?g egvl;zgk:xf:é by E::;%zes?ummocw sl aTI?I;I iHveleng ;i:ﬁgﬂrtilaux:n ﬁ:dl:;g?(: sedimentary rocks. This is due in part to the mllhng
-To ; AN 0 ~—] 0 T o / ® XIS L A 8  Slump. Shale member of Briones Older, Erosional oversteepening of oncave scarp areaand convex toe Identification of this slide is doubtful; fault. Of su Ch ro CkS between more competent 'nits d rin
] . H " Y e / 2 showing direction of plunge; Formation. sheared shale near fault. best seen in profile, but not dis- it is probably old enough to be partly - L 5 ! p 3 u o u g
: d) = X N : b . \ > I (arrow g f 12 ge; tinct. removed by headward erosion in the 56  Slumps. Orinda Formation. Younger. Erosional oversteepening of slope Scarps; hummocky surfaces. These are two similar features of essen- 1 in l < ice
9 ultin nt 9 Sistant si
25 9 / : H | dotted where concealed) Gefiaiel st ravine to the southeast, The toe appears probably by deflection of drainage : {ially the saxae aze. 10:CNg angd 1awtng. € MOre Iesistant sliceous
te J : ] il = 3 ¥ \ Surficial movement to have overridden divide at head of around too of olderslide (53). shale of the Rodeo and the lavender shale of the upper
5 4 ravine. % i
/ o \ __*_> 57  Slump. Orinda Formation?; Pleisto- Younger. Fhiltire| ot isa At et har ith continui . h d trouble with the art of the Neroly Formation, bedding planes are the
. ‘ o TN = ) 9 lump. Shale member of Briones Younger. Oversteepening by erosion slope Well-defined scarp; depressed scarp Renewed movement is likely (1965). ‘ cene Terrace. u::‘k‘alrr:utobag?:lofaf?a,faaelt‘tl:](\lliellil.l mc:tp Ziiﬁﬁi:l C;.’ge:g;ﬂg ;nlgxe ipiment B:rclmix:e §ﬂ§ adjoining H s Y : gL
3 i ' B Formation on disturbed shale near fault. area; disrupted service road; lo- Lt Bwing Ave %19’(;5), hummocky"g :::é‘:ég? th‘il:?nigl};t %)e SRV ARNER o Bn rincipa structural weakness except where the shale
L s \\ &~ Axis ofdsynflme l bate toe. fail}&llre reporlfetd dto h:'zvte desttrgye('l older slide from the slope to the south. 1s milled by faulting,
ENn - o I i i ! : ’ Sl . pa rtm e . . .
f ,/ e ‘t . 3 R = = (a'rrouji :Z:'I;'szerzrjs TZ::J:‘; l(;_); )p unge, 10 Slump. %hale member of Briones Older, Ovegs[tleelll)eixil;g byderosio? ixlltdis- Irregﬁx_ﬁlr stlgp?' l?mﬁle heading in {tlilentl}{zcs.tnm}l mfretison?%ly _certamdaé. gg:e‘yfgglginggg e; favr;ahich elr]xo vsv rarce The massive, generally well-mdurated Cierbo Sand-
it N x = AN/ W e N 'ormation. turbed shale in and near fault. amphitheater-like scarp area. Toug much of the slide is wooded. isarrayed. tone is the most stable of all sedimentary units in the
WK _y AT W\ el S opographic features are definite S Yl
; =2 - l NN < Y- | Eroded slopewash enough to show clearly on a topogra- 58  Slump. Orinda Formation. Younger. Erosional oversteepening of slope Scarp, hummocky surface, lobate The scarp might have been altered by mapped area. The abundance of hard s fossiliferous beds
iy tan]ey Sch g JE)’ 1/ ' G ﬂ phic base. in or near a fault zone. toe v;hich appear:) to haveldl- e)t()ca:va.tloln, llélé'g _xtxo access_sprfa(ifa;s locally eredis e Strength Cither Focle it dre-ti F
\ t / : B i " o verted drainage. Opposite slope obvious. In it was recelving chan- . =
- ! ~ So/Y s 3 - Older. . e $ i i tial sits :
QRNe : R EREEE e o L b R e . B vvstuent 1 iy, vidually as competent or more competent than the
S0 E . - . ! A Y ; Cierbo Sandstone but are, without exception, thinner
S Rl 12 Slump. Shale member of Briones For- Older. Oversteepening by erosion in dis- Large amphitheater-like scarp ba- This feature has been subject to remedi- 3 ‘ 5 o (. . oy . sl 3 o
4 m:e,izr?: Cierbo Sandstone. turbed rocks at junction of Las sin, hummocky surface. al measures connected with road main- 59 Slump. Orinda Formation. Younger. E'@g’f‘“i““ﬁ‘”"i‘#“g off slope, Scarp, side-hillscar, debris at foot This is a shallow slide. and more 1nt1mately associated with weak strata such
Strike and dip of beds Trampas fault and minor fault. tenance. bossibly by undercutting of drain- of slope. . : fail
ied wh tain) age around ancient slide. as shale, siltstone, or mudstone. Erosion or failure of
ueriea wnere unceriatn . . . : roy 4 ¥ s " i i 3 .
(a & i 13 Slump? %z?glsat%!:; member of Briones  Older. 5;;11011&1 undercutting of dip URfesVIg‘;;d Cipinlsstidetone atibass ?:ﬁ%‘ﬁft:ﬂii&i’:é‘ :ﬁ;{e.coil;tti‘smls)oaégi‘llﬁe 60  Slump. Orinda Formation. Younger. Erosional oversteepening of slope. ?carp, depressed hummocky sur- This might be on or neat.s fgult. Seep- the weaker strata can deprive the stronger rocks of
25R SRR : ' that block gliding on bedding planes i e support. Examples of such competent units are the
e might have been involved. indicate chronic local saturation of s 5 2 .
Strike and dip of rotated beds 14 Slump. Shale and sandstone members Older. Oversteepening by erosion in dis- Hummocky surface in chute-like Thgis is probably a combination 1of g]ide slopewash and weathered rock. fossiliferous sandstone units of the Briones Formanon,
AR AR SRR i ;iev:?l?kzlsl:::]:pl.mads i 2ﬂgl§aggge§21?$: ‘ﬁle:ﬁveglr%m;;ez. sl(‘]llll; 61 Slump. Orinda Formation. Older. Erosional oversteepening of slope. Slope erosion exposes deep, struc- Though a debatable slide, it might be the tuffaceous sandstone of the San Ramon Formation
_JOE surface is probably subject to acceler- tureless bedrock debris. Slope de- larger than shown, including the low and ¢ ongl omerate beds of the Del Valle Formation (; ) ;
ated creep during Tainy seasons. pressed. ridge along its north flank. P bbl d e q T ibiie units 'n the
Strike and dip in excavation . : . ; ; 62 Slump. Orinda Formation Older, Erosional oversteepening of slope. Depressed, faintl ik Perhaps this is not aslide. Drainage ap- €bbly sandstonc and cong. ate 1
! 15 Slump. Rodeo Shale. Older. Erosional oversteepening of slope. Nearly level, semicircular bench Lobate toe area is well outlined on top- . . ve pening ol slope. a gpree , faintly scarplike upper Perhaps thisis not aslide. ge ap . . .
g ; s i pe. Large, low, toe-like mound pears to have been forced northward Orinda Formation are of local importance because
80 Lov; ?: (sil: e%a’,?.“ %%o:gmhoﬂm: Oearliioate mAD: at base of slope. glong the foot of thisslope but might be di P ks i hi
TS e obLEaYe from differing areas of slope-wash con- they are the most stable sedimentary rocks in this
; ; ) ributing slopes. formation. A few of these units are shown on the
General strike and dip . Y n i d h K diaons, half of this slide. ises re- i ¥ i . v
con ot heas 3 Bedrock slide 16 Slump. Rodeo Shale. ounger. i?lv%-::;:eg«;’nlgfa%’ga;"ﬂ%‘:uczlﬁeer gﬁifi"fﬁ?&&@ﬁ?ﬁdﬁ%ﬁf i X;;gd ::mvgmenéso? 1;13 s(i?&];p;:l:::risi. 63 1S;nl:‘;lslilll))ls' ?iuole;{‘uﬁ lé)dqm‘})e%of Ori‘x;l_da Older. }I‘Jndercutténg ﬂf dip slope by Las gﬂill'{ly ‘fiistli,!éct scarp; ;rodedt west (JJErosiiox; of th?i toe by ﬁas Trampats map, one of which is well exposed in the old railroad
; — i 6 y some Formation; Urinda Formation. rampas Creek. an] sli i re; has m: renewed movemen L
(stzpp!ed sc?”; daSh?d wiiere ap e (10 block gliding. e bank.lgear T:pggo(?gur;? r:tl:tzlél pos:ible.aSucl? t;ilure‘ could dam the CUF northeast of Stan]ey School in Lafayette' These
— proxvimalely located; numbered 17 Slump. Rodeo Shale. Older. Erosional oversteepening of slope. ~ Scarp-like up slope area; irregular This slide indistint and eroded. bedsin scarp area; hummocky sur- ~ creek and cause flooding of local resi- units are poorly exposed and were mapped only lo-
Strike of vertical beds if listed in text) ground at foot of slope. e e cally where they could be traced for a few tens of
18 Slump. Rodeo Shale. Older. Erosional oversteepening of slope. Large mass of structureless mater- Probability of sliding at ﬂllis site is en- 64 gigilgl;y i iliaiggl%‘oT;gtigxw&ei; dgf F(gg— Older. gfaﬁg’;t‘gl;geﬁf dip slope by Las E‘;ﬂ;duedd rb“t dfa.irly iiiscerﬁlible ghe 1(’f;oe is ergded by L:saél‘ll':ggxf.: feet
) ) " i 0 3 - . arp; H by ; nt, '
o7 = B el o amd ) e T pa o G vl mernial The “Moraga Formation (volcanics)” and the “Pi-
s N\ scarp area. s 5
( H}Oé‘lZ(;Lntal bedst in) L 19 Slump. Shale member of Briones For- Older. Erosional oversteepening of slope. Concalve ugper sfloIIJe; hummocky Betgrglz:,ll]iprlqgablygili)sJOf to hi?;nmghi-i & &l Pinole Tuff Member of Or- Old Underoutting of dip slope by Las & s 3 o I " . nole Tuff ”, two units that are much thicker and more
queried where uncerta L mation. area along base of slope. east. The slide probably is shallow bu ump; Pinole Tuff Member of Or- Older: some ndercutting of dip slope by Las Scarp; side-hill scar; hummocky e toe is undercut by Las Trampas 1 1 d 1 1 hb 1 1
. . hale might be weakened by nearness possibly some inda Formation. minor surfi-  Trampas Creek. toe area. Creek; d movement in the toe prominently exposed in neighboring regions, are re-
487 % . fo fault.” i block gliding, cial movement mass s likely (1965). duced in rank to members of the Orinda Formation
. ‘ in scarp area. v v
. - ) -y R 20  Slump. Shale member of Briones For- Older. Erosional oversteepening of slope. Scarps and hummocky surface. The shafle is rlnore px;one to failuretbe- 86 i G - @llovie ¥ A ¢ T 4 it i : Tt T mn thlS repor t (table 1, footnote). The Mor aga Basalt
rike an 1p of overturne edas s tion. cause of involvement in movement on ump. uaternary terrace (alluvi- Younger. ndercutting o as lrampas wocarp, which heads along lower Undercut stream bank might have been o * 2
Fosiartad }there et Eroded older slide mation, fault (see also under 21). um), Creek bank. edgri{ of kéuilding fountziatidqn; h“t!eﬂi- ﬁf“l:‘h'elii weakened by runoff from roofs Member is Stablﬁ, but tl]:-)lle U%ﬂer%)}.’m% a%dﬁover Iylng
mocky toe mass and disrup of buildings. N
21 Slump; Shale member of Brioneleor- Older with . Erosional oversteepening of slope. Concave upper slopes anld re(;lenlt ’%"he lgedrolckdupderlying thtis sl?peléms soil and vegetation. rgg!](sr?;.: g\erg]e(l;.:n 1}; uélesgaﬂs ethat eha;no < 1&1(: rMembgz
lex. tion; subordinate volume minor recen scarps; massive, structureless shale been involved in movement on faults. C S a w ange
s complex. ??Clioe‘;{) 052 Sy HoN % in debrri)s exposed in cut in toe area; 67  Slump. Neroly Formation. Younger. Erosional oversteepening of slope. Scarp, side-hill depression, hum- This is probably shallow and mostly P fi d al 1 S gh
Stril d di : T scarp area. generally convex down slope area. mocky surface. mil&,it might involve rubble from road te_XlITlll' ¢, rl’nl’ll'CSS, an 1(511 teration. Some exposures have
X rike and di ; s reh s, i
: 37 52030 " m;;i;e Slei dz = 22 Slump. Sandstone member of Briones  Older. Erosional oversteepening of slope.  Fairly distinct scarp; hummocky A gelr)xfrzl.lyfsf.iztg% fomgatlon mftlfl fa- T T » — 5 i . B ErRCle " yiflgred lands ltdeSb(S lt f)sl 44, 63, 64, and 65 ) althOUgh
o i o Tigen e T tion. slope. vorable dip failed here because of frac- ump. rinda Formation. ounger, rosional oversteepening o . Scarp, face. Conti is likely; threatens t (0] S appear € staple.
3752”30 (LAS TRAMPAS RIDGE) 122°03"45 ormation D Hibig and wenthbring in s meatSanit £ ersteepening of slope. Scarp, hummocky surface. ch%lll{ én#:ge l(':l::lfl';: (11 ;6%’). reatens to ppea (0)
122°07"30" GEOLOGY MAPPED BY RICHARD B. SAUL 1965-1967 30 zone. ; '
S i ; 69  Slump. Neroly Formation. Younger. Erosional oversteepening of slope Scarp, hummocky slope, toe mass. This shallow slide is probably partly SLOPE STAB".ITY :
A TO.POGRAPH‘C BAISE 5 Ut.S.‘G.S, CARTOGRAPHY BY RICHARD BOYLAN 23  Slump; Shale member of Briones For- Older; Erosional oversteepening of slope. High, prominent scarp; lobate toe The shale é)ro.bably has been strongly or oversteepening due to addition due to failure in road grading rubble. ”
5 This map is an enlargement of a Overturned beds in ancient Probable upslope complex. mation. younger mass forms bench on lower slope; sheared and milled near the faultin the of rubble from road cut. Some geologlcally recent event has caused the
(/?‘ 1:24,000-scale published map. . s . . Y failures in hummocky surface; deflected scarp area; there may be some water
\_\O marine slide continuation or renewal of slide movement toe mass. stream course. seepage from the fault. 70 Slump. Orinda Formation. Younger, Undercutting by road cut. Searp; hummockf(; displaced soil stream channels of the mapped area to become deeply
v 24  Slump. Shale member of Briones For- Older with  Undercutting of stream deflected Glutted stream channel, cracked Scarp area is being used as dumping and rock material, entrenched to their uppermost r eaches. .B_edr ock SlOpeS
P{\ * mation. renewed by slide (23) on opposite bank. and failing slope. site; continued movement is likely 71 Slump; Orinda Formation. Older to Erosional oversteepening of slope, Multiple, headward progressing Toe area altered by grading, appeared formerly buttressed by stream depOSltS, slope wash
O movement. (1965). complex, younger. grading, probable disruption of scarps, hummocky surface, con- stablein Feb. 1966. Streets to north and . 1 . .
deo Shal o Trescnal ieepening of el Hitiiosky slone: sutiass balew! Thisirbaatsts iave onoe fotoed draine both_bedrock and ground water tinued movement manifest by re- east show incipient failure; tarred accumulation, and landslide debris are 1051{1g suppor t
25 Slump. Rodeo Shale. er. rosional oversteepening of slope. an‘ql:lg:lo%a ycon:;):e area.c o o topll:ndercut AR b e oo flow by faulting. cent scarps and marginal creep.  cracks along downhillside. as the banks cut back thI‘Ollgh these deposrcs into the
posite slope, causing slopewash slump. 72 Slump. Orinda Formation. Younger. Erosional oversteepening of slope. Scarp fairly distinct; depressed, This migi_xt‘ reflect some of same bed- slope bases. The concentr: ation Of landslides in Weak
17%° : " ; ummocky slope, fairly inct rock conditions as 71. : :
0835 e o 26  Slump. Sandstone member of Briones Older. Fal}iure of wz(;lter-sn,tlm_-uted g}lm.l¥ .Hul_nn;og?};, sv?.mpygtound head- This could be slopewash slump. :;loe ma.ssk . Ty EH 6 rocks and near faults is evident on the map along
| 311 MILS Formation. sandstone and overlying soil at ing in indistinct scarp area. 3 .
dston , acti i Is. ;
DL spring site. 73 Slump, Shale member of Briones For- Older. Trosional oversteepening of slope. Large, amphitheater-like scarp The toe is eroded. l’(l: s SE: eaﬁ‘n Cha-nne s. Howard (1(195%’ p h96) Sugfg =S
27  Slump. Sandstone member of Briones Older, Failurein fractured and weathered Shallow, concave scarp area; hum- Paved road crossing slide shows evi- ptobnlbly mation. area; hummocky surface. that a fres ] rr_mrlne terrace ar 01.11‘1 the shores of San
Formation. shaly sandg}ox:ie: s:;uctm}'?l weak- mocky, cieprassetd,tl?iweg %lg_pe and dence of instability (1965). Coluplexs Pablo Bay indicates a recent reglonal emergence. Con-
?::?tpsggielimgemm%r??aﬁ& 'near ggg;:xare:?. rotated bedding in 74 Slump. Shale member of Briones For-  Older, Erosional oversteepening of slope. Indistinct scarp, depressed slope, versely, Emery (1960’ p- 20) suggests that a world-
UTM GRID AND 1968 MAGNETIC NORTH mation. subdued but irregular surface and A d e 1 A
QUADRANGLE LOCATION DECLINATION AT CENTER OF SHEET 28  Slump. Rodeo Shale. Older. Erosional oversteepening of slope Distinet, concave searp area; hum-  The toe probably is undercut by erosion toe. wide eustatic lowering of sea level took place about
underlain by rocks weakened by mocky lowerslope. nlong watericotten: 75 Slump. Shale member of Briones For-  Older with Erosional oversteepening of slope. Subdued but distinet scarp; hum- The lower slope is convex but its natu- 3000 years ago.
roximity to fault. ! i,
p . mation, soinl]e younger mocky surface. ?l stt_»a.te is é)bscu_red soemwhat by cul- The Cierbo Sandstone and Briones Formation are
2 3 Rodeo Shale; sandstone mem- Older, Trosional teepening on slope Steep scarp areas showing dis- Toe masses probably extend to and are soll move- ivation and erosion. : i
: Eé;nlilfex- beor g?Bl'iz:eS %‘ormation. uégzlrol:?n ({)‘;rsocige:veagggnetli bs& placed dhedrock; hummocky sur- ti\:incate(fi by f].he stre%m tgourse. Block g:ﬁ]l];iglg]d natural water reservoirs in the tr Ollgh of the Rodeo
imity to fault ated faceand extensive convex toe area. iding of up slope sandstone masses on . . . . _ye
g:i;}gﬂa\)x’lts.o f o Spring Hill Road ?mstable in toe (!Erllgggl)ying shale may have taken place. 76 Slump Shal ber of Bri P Older with Trfonsial e . g d i L Fail e ted b ?Il‘rll Chne and on the bﬂanlils dOfb thf ?II‘IOIG a.ntIChne'
Haas mp. le member of Briones For- er wi rosional oversteepening of slope.  Scarp, depressed, hummocky upper Failure might have been promoted by ese s
)| : 5 mation. some younger slope, lobate toe. shearing due to faulting. tructures are breache y taults, erosion, and
LOGY AN I ks of 1l
LAS TRAMPAS FAULT GEO 30  Slump. Shale member of Briones For- Older, Erosional oversteepening of slope Scarp; hummocky surface. shullowfmqﬂve- the works of man. Loca Y, 8r ound water escgpes
mation; Rodeo Shale. umderlain by inoompetemt sooks menhol ot thro?gh springs and seeps which create slope stability
. fault. rubble in .
lil QUARTER OF THE WALNUT CREEK 7%-MINUTE . e Bl
31 Slump; Rodeo Shale; sandstone mem-  Older. Erosional oversteepening of slope Extensive, concave, hummocky The scarp area is complex and least de- " . L et Runoff 1S contr olled to some extent by bl OCk type.
A complex. ber of Briones Formation; largely underlain by incompetent slope showing multiple slumps and terminable on Cierbo Sandstone; a 77 Slump. Sandstone and shale members  Older. Erosional oversteepening of slope. Scarp, hummocky surface, lobate This i a somewhat debatable slldle in- San dy rocks. such as the Ci erbo Sands tone and pa t
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of the Las Trampas fault, south-facing slopes on the
north flank are grass covered. The upper, less stable
part of the shale is landslid. On the north-facing slope
of the south flank of the anticline, the porcelaneous
part of the Rodeo Shale is covered by scrub oak, bay,
buckeye, and poison oak thicket. The upper part is
covered by interspersed grass and oaks. Only one slide
(number 88) was identified in this exposure.

On north-facing slopes, in the southwest quarter
of the mapped area, heavily wooded to interspersed
oaks and grass cover the Orinda Formation. Slopes
with other exposures are predominantly grass cov-
ered. Here again the less-wooded and grassy slopes are
the least stable. It is possible that some ancient slides
are masked by vegetation and that the distribution of
grass and trees might not always have been the same.
Areas of grass used for grazing are less stable than
adjacent, natural slopeés.

Vegetative cover is not a controlling factor in deep,
bedrock slope failures, but weathered rock and soil are
more stable if they are host to a well-developed root
mass.

Landslides

Some slopes in the mapped area have had a long
history of landslide movement. The remnants of very
ancient slides should be anticipated in these areas. A
description of each landslide is presented in table 2;
most of the slides are slump-type slope failures.

A slump is “the downward slipping of a mass of
rock or unconsolidated material of any size, moving
as a unit or as several subsidiary units, usually with
backward rotation on a more or less horizontal axis
parallel to the cliff or slope from which it descends”
(Sharp, 1960, p. 65). Slumps may involve either soil
or bedrock or both. Slumps involving only soil are
denoted differently from bedrock failures on the map.

Slumps involving intensely disturbed rocks, such as
those along the trace of the Las Trampas fault in the
northwest corner of the mapped area, may be rela-
tively deeper than those in rocks that have not been
strongly broken. Some slumps in weathered shale are
shallow, as indicated by their scarp heights and by
the depth and dip of their surface of rupture.

In addition to slumping, block gliding is a type of
movement that is apt to occur on slopes that are
parallel, or nearly parallel, to bedding, layering, or
shear planes.

Block gliding is the movement of a mass or block
of competent, cohesive rock along a subjacent bedding
pla_ne, zone of shearing, or soft, incompetent rock
unit. Although this type of landslide does not appear
to be a common feature in the mapped area, it is of
potential importance where competent and incompe-
tent rocks are interlayered. Slide 13, in the northwest
corner of the mapped area, is a possible example.
Here the sandstone member of the Briones Formation
appears to have been undercut sufficiently to glide.
Other slides on the Pinole anticline probably resulted
from block gliding on dip slopes.

Features portrayed on the map by sinuous arrow
symbols, singly, in swarms, or within boundaries, rep-
resent sites of rapid soil creep, incipient failure, and
soil slumps and earth-flows.

Earth-flows dramatize the triggering capacity of
water which adds weight and reduces the cohesiveness
of clay-rich materials. Earth-flows are very fluid masses
of soil and rock debris which commonly develop
from either soil slumps or deeper slumps when the toe
masses have become highly disordered and intermixed
with soil. Being more fluid than slumps, earth-flows
more quickly lose their identifying features. They are
most common in geologic. units which yield slumps
but can develop in any elevated soil mass subject to
soaking. Soil and rock debris mapped as slope wash
is a likely source for earth-flows.

Other Surficial Units

The unit mapped as slope wash is composed of
angular fragments of the more resistant bedrock units.
These fragments are mixed with various amounts of
soil including many deposits comprised wholly of soil
and organic debris. This material lies on slopes and on
the floors of ravines and, in some areas, chokes narrow
valleys. The uphill contact of slope wash was arbi-
trarily drawn where the thickness is approximately
3 feet. The lower contact is drawn where slope wash
appears to merge with, or wedge out over, older soil-
covered terrace surfaces.

During wet weather, slope wash is unstable and
plastic. Its rate of movement ranges from extremely
slow creep to the rapid flow of slumps and mudflows.
Slope wash is affected by many of the factors of
exposure and vegetation described in the section on
slope stability. Slope wash derived from sandy rocks
tends to be better drained, becomes less plastic when
wet, and supports heavier vegetation. The converse

is tigue of slope wash on more clay-rich subjacent
rocks.

In level areas, one of the most troublesome stability
f)roblems 1s expansive soil. Strongly expansive soil
oses volume when it dries; this is manifest in deep
cracks which form during the dry season and a cor-
responding expansion when wet. Such soils commonly
are ealled “adebe” Adobe soils are present in the
Walnut Creek area. Carpenter and Cosby (1939) use
this term, and their map and report can be used as a
rough guide to delineate expansive soils. However, the
development of any soil-covered area should be pre-
ceded by soil tests unless these deposits are to be
removed. Statements concerning soils in the Walnut
Creek area are included on table 1.

Except for the -area below 80 feet in elevation in
the northeast part of the Walnut Creek area, Quater-
nary alluvium is mapped at only a few sites where
there is rapid transport or deposition of sediments and
in areas large enough to depict on the map. Most of
the major drainage channels are floored by alluvium
composed of clay, silt, sand, and gravel; but these
deposits are not extensive enough to show on the
geologic map. Bedrock exposed in the channels, how-
ever, is shown by slight exaggeration, to portray as
much structural continuity in the bedrock as is rea-
sonably possible.

Quaternary alluvial deposits are not extensive
enough to offer exploitable volumes of sand and
gravel. Indeed, flood control projects where presently
planned (1966) probably will hide most major natural
channels. In the northeast part of the mapped area,
80 foot contour lines were used as a boundary be-
tween Quaternary terrace deposits and Quaternary
alluvium. This aplpears to be the elevation of the first
major break in slope above the surface as it merges
northward with the flood plane of the Sacramento
River. There probably are a number of discrete terrace
levels within the area mapped as Quaternary terrace
that have been concealed and altered by human ac-
tivity.,
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