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INTRODUCTION

This map shows faults with Quaternary displacement in the northwest San Francisco Bay region of
California. Faults that have been historically active or that show evidence of movement during the last
approximately 2 million years (the Quaternary Period) are represented and classified according to the age
of their last surface displacement.

The map is designed to provide a synthesis of Quaternary faulting in the northwest San Francisco Bay
area that contributes to an understanding of neotectonic crustal deformation in the central Coast Range of
California. Tectonic slip during the most recent geologic period seems to have been confined to these
faults. Future crustal movement will most likely oc&dr along these fault breaks.

San Andreas Fault Systeml/

The San Francisco Bay area is cut by a system of predominantly northwest-trending right-lateral strike-
slip faults. This group of faults, the San Andreas fault system, marks the boundary between the American
and Pacific plates. Northwestward movement of the Pacific plate relative to the North American continent
since early Miocene time along the present San Andreas fault system has slivered the San Francisco Bay area
into several northwest-elongated, fault-bounded blocks.

Quaternary faulting in the northwest San Francisco Bay region has occurred principally along three fault

zones in the San Andreas system: (1) the San Andreas fault zone, which extends from Bolinas Bay northwest-
ward along the Pacific Coast into the Gualala River valley north of Fort Rossss(2) the Rodgers Creek fault
zone, which begins in the Sonoma Mountains approximately 15 km southeast of Petaluma and continues northward
through Santa Rosa to near the village of Mark West; and (3) the Maacama fault zone, which starts northeast
of Mark West Springs and extends northward through the Mayacamas Mountains east.of the Russian River to some
as yet undetermined point beyond the limit of this map. Subsidiary Quaternary faulting has also occurred
along several faults west and east of Santa Rosa and north of Healdsburg.

1/

=/ The San Andreas fault system includes the San Andreas fault zone and all faults and fault zones connected
to, or branching from the San Andreas fault zone. The San Andreas fault zone is those fault strands in proxim-

ity to, and roughly parallel with, the most recent lines of rupture. The San Andreas fault consists of the
traces of the most recent (in many places historic) movement (Noble, 1926, p. 416-417).

Location of Fault Breaks

Fault breaks were located chiefly by studying aerial photographs of the northwest San Francisco Bay region

(table 1) for geomorphic evidence of faulting during the recent geologic past. The faults were drawn on 7.5
minute topographic quadrangle maps (scale 1:24,000) and compiled at a scale of 1:125,000. Geomorphic, geo-

logic, and historic evidence for Quaternary faulting used to compile this map is shown on twenty-seven 7.5-

minute topographic quadrangle maps (scale 1:24,000) which are being prepared.

The position and nature of some of the faults in the San Andreas fault zone are based on field studies
made after the 1906 earthquake (Lawson and others, 1908). Geomorphic evidence for Quaternary faulting was
supplemented with data from Brown and Wolfe (1972).

The faults are shown only where there is convincing evidence that Quaternary deposits have been offset.

Fault strands are not shown if obscured by younger alluvium, landslides, or water, except where their position
can be closely approximated. Faults are not joined into longer segments unless there is historic, geomorphic,

or geologic evidence of continuous rupture.
Geomorphic Evidence of Quaternary Faulting

Faults that have moved during Quaternary time can generally be recognized by a distinctive group of"+”
associated, alined landforms (fig. 1). Scarps, trenches, notches, saddles, linear valleys, troughs, ridges,
offset streams, sag ponds, and other small undrained depressions develop by repeated movement along a fault,
or by erosion along its trace. Movement of opposing fault blocks past one another juxtaposes topographic
irregularities across the fault. Ridges are moved against gullies; streams are offset or blocked. Scarps
are cut across ridges and hills, and topographic surfaces are displaced or deformed. Trenches, notches,-
linear valleys, troughs, ridges, and saddles may reflect accelerated erosion of crushed and broken rock in
fault zones or may be down-dropped slivers lying between paral®eél fault breaks., Linear tree or shrub
patterns and contrasts in vegetation type, color, and density may develop along fault zones owing to dif-
ferences in soil or depth to ground water across or within the fault zones. Springs and ‘seeps may emerge
‘at the base of fault scarps or in fault-controlled depressioms.

Geomorphic features associated with faulting are ephemeral in the landscape; they are destroyed by
erosion unless they are rejuvenated by repeated displacement along the fault. The degree to which fault-

created landforms are preserved depends on such interrelated variables as the rate, periodicity, and character

of fault movement, bedrock type, climate, and soil cover. The rate at which geomorphic features associated
with faulting are destroyed in the northwest San Francisco Bay region is not known. However, erosion and
sediment transport studies in the south and central San Francisco Bay area (Brown and Jackson, 1973) suggest

that lowering of the land surface in the central Coast Range proceeds at an average rate of from 0.05m/1000 yr

to 0.75 m/1000 yr (table 2). . At this pace, erosion of fault-associated landforms in the San Francisco Bay
region would occur rapidly. Youthful, fresh-looking fault features would surely be no older than Holoc?ne;
mature, eroded, and subdued fault landforms would probably be Pleistocene. Few pre-Quaternary geomorphic

features created by faulting could be expected to persist in the landscape. It is known that some fault features

in the San Francisco Bay region are shortlived. In a study of 50 sag ponds glong the San Andreas fault,
Sarna-Wojcicki (1972) determined that under the range of conditions observed in the central Coast Ranges of

California, most sag ponds are probably younger than 10,000 years. More important,, faults in the San- Francisco

Bay region with youthful or even mature fault - topography .that cross alluviated basins have all been found to
offset Pleistocene or Holocene sediments somewhere along their length.

Categorization of Recency of Faulting

The faults have been classified as historic, Holocene, Pleistocene, or late Cenozoic of probable
Quaternary age, according to the time of their last surface displacement:

Historic faults are those that have had documented contemporary surface fault displacement,
either accompanying earthquakes, or by slow tectonic creep.

Holocene faults offset geologic deposits (especially alluvium and colluvium) and soils developed ATW
on them less than 10,000 years old.

Pleistocene faults displace geologic materials of Pleistocene age (between 10,000 and 2,000,000
years old) but do not offset Holocene deposits along their lengths.

Late Cenozoic faults of probable Quaternary age have topographically expressed scarps, linear
valleys, and trenches and displace Tertiary rocks, but Holocene and Pleistocene deposits are absent
along their lengths.

The age of all faults within a fault zone is here considered to be as young as the youngest surface
displacement along any strand of the fault zone, although the entire fault zone may not have ruptured
during the last faulting event. Ages of many fault strands within a fault zone cannot be accurately deter-
mined owing to the lack of associated Quaternary deposits, or to uncertainties in the rates of formation
and erosion of geomorphic features associated with faulting.

Holocene and Pleistocene ages have been assigned to alluvial deposits offset by or covering faults on
the basis of radiocarbon dating of the sediments (Wright, 1971) or type and degree of soil development
on the alluvial materials (Helley and Lajoie, unpub. data). Ages and formational names of older rocks
displaced by the faults are taken from previous geologic studies (Blake and others, 1971, 1974; Fox and
others, 1973).

Seismicity

Faults with Quaternary displacement could not be closely correlated with.small earthquakes in the
northwest San Francisco Bay region recorded by the U.S. Geological Survey from 1969 through 1972 (Lee and
others, 1972a, 1972b, 1972c; U.S. Geological Survey, 1972; Wesson and others, 1972a, 1972b, 1973, 1974).
Although numerous small earthquakes have been located instrumentally near all of the faults, few of the
earthquakes are sufficiently well located to be directly associated with any one fault or fault zone.
Most of the faults on the map are outside the area where small earthquake epicenters can be located
accurately (see discussion by Brown and Lee, 1971).

Description of the Faults

San Andreas fault zone

The San Andreas fault zone extends from Bolinas Bay northwestward along the Pacific Coast into the
Gualala River valley north of Fort Ross. The fault zone trends along the west side of Bolinas Lagoon
northward into the longitudinal valley between Bolinas Ridge and Inverness Ridge. The position of the 4+"
1906 fault rupture within Bolinas Lagoon has been inferred from the change in the distribution of marshes
shown on 1854 and 1929 U.S. Coast and Geodetic Survey charts (B. F. Atwater and J. Berquist, written
commun., 1976). The fault zone widens between Pine Gulch Creek and Olema and is paralleled to the east by
a discontinuous line of faults at the foot of Bolinas Ridge. From Olema to Tomales Bay, Quaternary displace-
ment has been confined to one almost continuous fault break.

The main trace of the fault zone between Tomales Bay and Bodega Head is covered by water, but several
subsidiary breaks cut Pleistocene marine terraces along the east side of Tomales Bay. Two fault breaks are
present in the hills above Inverness. The exact position of the main San Andreas fault zone beneath
Tomales Bay is unknown, but sonoprobe surveys by Daetwyler (1966) suggest that there are at least two
parallel faults separated by a linear ridge beneath Tomales Bay between Inverness and Marshall.

Several fault breaks displace an elevated Pleistocene marine terrace east of Bodega Bay. On Sand Point,
and on the peninsula of land between Bodega Head and the town of Bodega Bay, shifting dune sand has obscured
the San Andreas fault zone. Linear vegetation patterns in the dune sand north of Bodega Bay may indicate
buried fault traces.

Northwest of Fort Ross, the fault zone extends northward into the Gualala River valley. The fault zone
is obscured by dense forest through much of its length north of Fort Ross, but linear patterns in~the timber,
sag ponds, linear valleys and trenches, and other geomorphic features permit partial delineation of the
Quaternary fault traces. Between Fort Ross and Stewarts Point, Quaternary faulting has apparently been
confined to a narrow zone (less than 1 km wide) of overlapping en echelon fault breaks. North of Stewarts
Point, the fault zone widens. Linear valleys and sag ponds on Beatty Ridge north of Valley Crossing
evidence Quaternary fault breaks more than 1 km east of the main fault trace.

Numerous small ponds and depressions (too small to be shown on this map) occur along or near the crest
of the ridge between the Gualala River and the Pacific Ocean southeast of the village of Gualala. These
ponds and depressions were originally identified as fault-controlled features (Higgins, 1961, p. 57) but
were subsequently attributed to massive landsliding (Brown and Wolfe, 1972). The ponds and depressions are
interpreted here as sag ponds and sags and have been used as evidence for the many short fault breaks shown

on this map on the ridge southeast of the village of Gualala. A landslide origin for the ponds and depressions
is doubtful because of the absence of associated topographic features commonly created by massive slope failure.

There are no bulbous toes on the slopes below the ponds, nor are there headwall scarp areas where the slides
could have formed.

Rodgers Creek fault zone

The Rodgers Creek fault zone crosses the crest and east side of Taylor Mountain and extends northwest-
ward into Santa Rosa. South of Taylor Mountain, the fault zone is covered with massive landslides. The
fault zone bifurcates just north of the summit of Taylor Mountain, one strand trending N. 60 W., the
principal fault zone continuing on to the north striking N. 30 W. One fault break, evidenced by a linear
ridge with a southwest-facing scarp, extends directly into eastern Santa Rosa. The fault zone is obscured
by urbanization where it crosses Santa Rosa Creek, but it reappears in the mountains immediately north of
Santa Rosa. North of the city, the fault zone opens into a fan-shaped complex of northwest- and north-
trending fault breaks. One line of faults continues north from Santa Rosa to east of the village of Mark
West. This line of faults crosses the mountains north of Santa Rosa and enters the Cotati Valley just
east of Fulton. From there, the faults trend along the base of the mountains at the foot of a prominent
line of southwest-facing scarps in rocks of the Glen Ellen Formation. A second group of en echelon, arcuate
fault breaks extend northward from Santa Rosa toward Mark West Springs. These faults are probably Quaternary
in age, for they have topographically expressed scarps, linear valleys, and trenches. The faults displace
Tertiary rocks, but there are no Holocene and Pleistocene deposits along their length with which the
recency of faulting can be established.

The relation of the Rodgers Creek fault zone to alluvium of Holocene and late Pleistocene age along
Santa Rosa Creek is unknown. However, late Pleistocene and Holocene alluvium is banked against the fault
scarps east of the village of Mark West with no apparent fault displacement. The Rodgers Creek fault zone
is shown as Holocene in age on this map because evidence for Holocene displacement along the fault zone was
found in a trench excavated across the fault zone approximately 15 km east of Petaluma and outside of the
map area. In the trench, Holocene soils of differing character and development were juxtaposed across one
strand of the fault zone (D. G. Herd and M. G. Bonilla, unpub. data).

Maacama fault zone

The Maacama fault zone extends from near Mark West Springs northwestward through the Mayacamas Mountains
to some as yet undetermined point north of the map area. South of Maacama Creek, Quaternary faulting along
the Maacama fault zone is evidenced by several northwest-trending linear valleys and troughs. Smaller fault
breaks branch from the principal fault zone west of Franz Valley. At Maacama Creek, a Pleistocene(?) terrace
is tilted eastward into the fault zone. Late Pleistocene alluvium is offset along one strand of the fault

in a southwest-facing scarp 1 km east of Jimtown. At Sausal Creek, southwest-facing scarps front the Mayacamas

Mountains along the east side of Alexander Valley. Southeast of Gird Creek, one fault strand trends along an’
alluvium-filled trough.

The Maacama fault zone is obscured in several areas northwest of Gird Creek by massive landslides, re-
sulting in the representation of the fault zone in this reach as a discontinuous zone of en echelon fault
breaks. Where visible, the fault zone is evidenced by alined scarps, linear troughs, benches, saddles,‘é%d
notches. Sag ponds occur along strands of the Maacama fault zone in a saddle above Crocker Creek, approxi-
mately 5 km northeast of Asti, and in a linear trough 5 km north of Preston. Northeast of Asti, the fault
zone is composed of two parallel lines of faults. The lines of faults appear to join north of Preston and
extend northward above the Russian River beyond the map area.

Faults near Trenton
A prominent 15-m-high southwest-facing fault scarp in early Pleistocene alluvium extends from Santa Rosa

northwestward (trending N. 60  W.) 5 km to Mark West Creek, near Trenton. Northwest of the creek, a northeast-

facing and southwest-facing scarp in early Pleistocene alluvium and a northwest-facing scarp in rocks of the
Franciscan assemblage are alined with the scarp to the south. At Trenton, Franciscan rocks are juxtaposed
against sedimentary rocks of the Merced(?) Formation along a northwest-trending fault marked by a southwest-
facing scarp.

The fault zone is concealed southeast of Santa Rosa by late Pleistocene and Holocene alluvium along
Santa Rosa Creek. The zone does trend directly toward one strand (striking N. 60 W.) of the Rodgers Creek
fault zone on the north side of Taylor Mountain south of Santa Rosa and, consequently, may join with the
Rodgers Creek fault zone southwest of Santa Rosa. Wesson, Helley, Lajoie, and Wentworth (1975, p. A7-A9)
originally suggested that the faults west of Santa Rosa meet the Rodgers Creek fault zone northeast of Cotati.

Faults east of Santa Rosa

A north-trending fault zone cuts across the Sonoma Mountains at Spring Creek east of Santa Rosa. The
fault zone is marked by a prominent west-facing scarp and alined trench and linear chammel in the Pliocene
Sonoma Volcanics east of Santa Rosa Creek Reservoir. Secondary northwest-trending fault breaks east of the
scarp are evidenced by several smaller southwest-facing scarps, trenches, and notches.

Aerial photographs of the Santa Rosa area taken in 1942 (photographs COF-14-25 and COF-14-26, U.S. Dept.
Agriculture, Sonoma-Napa-Marin area survey) show a north-trending, west-facing scarp truncating an alluvial
terrace of inferred late Pleistocene age along Santa Rosa Creek. The scarp was on line with, and directly
north of, the high west-facing escarpment in Sonoma Volcanics east of the reservoir. The terrace scarp is
no longer visible; it was destroyed during construction of the dam impounding Santa Rosa Creek Reservoir.

Faults south of Lytton

A line of faults displaces late Pleistocene and Holocene alluvium flooring a small basin north of
Healdsburg, near Lytton. The faults extend from the north end of a ridge of Franciscan serpentinite south
of the basin, northward along the east side of the basin toward a gap in the surrounding Franciscan rocks
just south of Lytton. The faults are evidenced by a linear contact between late Pleistocene and Holocene
alluvium, and an alined linear ridge in late Pleistocene sediments.

The faults lie within the Healdsburg fault zone (Gealey, 1950; Blake and others, 1971), but their
relation to other faults in the Healdsburg fault zone is unclear. Although the entire Healdsburg fault
zone has previously been considered to have been active during the Quaternary (Brown, 1970), the fault
zone north and south of the alluviated basin near Lytton is devoid of geomorphic evidence of recent faulting.
There are no scarps, trenches, trdughs, linear valleys, benches, or other geomorphic features commonly
associated with other faults in the northwest San Francisco Bay region that have moved in Quaternary time.

New Tectonic Interpretation

Faulting in the northwest San Francisco Bay region during the Quaternary has occurred along three
principal fault zones: the San Andreas, the Rodgers Creek, and the Maacama. The Maacama fault zone, rather
than the Healdsburg, has apparently actedtas the northward continuation of the Rodgers Creek fault zone
during the Quaternary. Although not joined directly, the Rodgers Creek and Maacama fault zones may be
connected through the north- to northwest-trending fault breaks lying between their ends. The Rodgers
Creek and Maacama fault zones appear to be part of a large en echelon fault system paralleling the San
Andreas fault zone to the east (fig. 2) that has moved during the Quaternary. The fault system begins
with the Calaveras-Hayward fault zones to the south and extends north beyond the map area.

Quaternary faulting in the San Andreas fault zone in the northwest San Francisco Bay area has been
confined to a zone less than 1 km wide, except between Stewarts Point and Gualala, where recent breaks ex-
tend across a zone more than 2 km wide. The Rodgers Creek and Maacama fault zones, however, have both been
active during the Quaternary across zones 1 - 2 km wide.

The offset between the Rodgers Creek and Maacama fault zone is paralleled near Bodega Head by a change
in the northwest heading of the San Andreas fault zone.:- Between Bolinas Bay and Bodega Head, the San
Andreas fault zone trends approximately N. 35° W. North of Bodega Head, the zone strikes N. 40° W. To
the east, a similar westward deflection in strike occurs between the Rodgers Creek and Maacama fault zones.
The Rodgers Creek fault zone trends approximately N. 30  W., but the Maacama fault zone strikes approximately
N. 40" W. Bodega Head, the north end cf the Rodgers Creek fault zone, and the south end of the Maacama
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Table 1.--derial photography of the northwest San Francisco Bay region used in this report
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Table 2.--Average annual sediment yield and average lowering of land surface,
south and central San Franciseo Bay region
(From Brown and Jackson, 1973)
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Area Years (kg/km? /yr) material at 1600 kg/m3
Upper Crystal Spring 1878-1935 1810,000 0.67 m/1,000 yr!
Reservoir, San ace

Mateo County

Uvas Reservoir, 1962-1970 351,000 0.22 m/1,000 yr
Santa Clara County

Coyote Creek, Santa 1962-1970 160,000 0.10 m/1,000 yr
Clara County S

Alameda Creek, Alameda 1957-1970 80,000 0.05 m/1,000 yr (’“ /
County N

San Pablo, Upper San 1875-1965 970,000~ 0.61 m/1,000 yr- .
Leandro, and Chabot 1,200,000 0.75 m/1,000 yr ; WOlefria
Reservoirs, Alameda T R
and Contra Costa d

Counties
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lAssuming a dry specific weight of 1200 kg/m3. /

EXPLANATION
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Point R

s~ | Fault with historic displacement:
= — Historic surface rupture or creep
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Fault with Holocene displacement (the past 10,000 years): ' ; &
Recent alluvium, soils, and colluvium offset

Fault with Pleistocene displacement (10,000 - 2,000,000 years ago )
Holocene deposits unbroken along fault; Pleistocene
unirts offset

Fault with late Cenozoic displacement of probable Quaternary age: e
Fault ‘topography ; offset Tertiary strata, but no Quaternary
deposits along fault length
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FAULTS WITH QUATERNARY DISPLACEMENT NORTHWESTERN SAN
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G. HERD AND EDWARD J. HELLEY, 1977

CONTOUR INTERVAL 200 FEET BAF ‘Q)
DOTTED LINES REPRESENT 40-FOOT CONTOURS / '

DATUM 1S MEAN SEA LEVEL  COUNTY KEY () \7 {,//L//

FRANCISCO BAY REGION, CALIFORNIA
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