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This map is one of a set that shows the traces of the inferred most recently active
faults of the San Andreas and related fault zones of the San Andreas fault system (Crowell,
1962). Tt was compiled primarily to provide information for those concerned with land use
and development on or near these fault zones. The map shows the locations of all known or
suspected fault traces formed by recent tectonic displacements of the ground surface along
the Hayward and the southern part of the Calaveras fault zones. The displacements may have
been due to violent rupture during earthquakes, to imperceptible movement not accompanied
by felt earthquakes (slippage or "creep"), or to some combination of both. Map users
should keep in mind that the lines shown on the map are primarily guides for locating fault
traces on the ground and are not necessarily located with the precision needed for every
engineering or land-use project.

THE SAN ANDREAS FAULT SYSTEM

The San Andreas fault system is a complex belt of major fault zones extending roughly
northwestward from northern Mexico through western California. The San Andreas fault zone
is the longest of these zones within the system. Tt is a major structural break in the
earth's crust that can be traced at the surface for more than 600 miles from the head of
the Gulf of California to a point where it crosses the shoreline near Point Arena in
California; it is believed to extend northward offshore at least as far as Cape Mendocino.
The Hayward and Calaveras fault zones are shorter fault zones within the San Andreas
system that are subparallel to the main San Andreas fault zone. The Calaveras fault zone
extends from slightly southeast of Hollister where it probably merges with the San Andreas
zone, northwestward through Hollister, the Calaveras Reservoir, and Walnut Creek to San
Pablo Bay and possibly beyond; the Hayward fault zone is visible from a point southeast of
Warm Springs through Fremont, Hayward, Oakland, and Berkeley until it disappears offshore
under the waters of San Pablo Bay. Movement within both these fault zones has been dis-
tributed along many parallel or subparallel faults that differ in age and in amount and
kind of relative displacement.

LOCATION OF FAULT BREAKS

The traces of fault breaks shown on this map were located by interpretation of vertical

aerial photographs; on-the-ground investigation; examination of historical records, both
published and unpublished; and from the work of other investigators. Traces shown along
the Hayward fault within the Oakland East quadrangle, from Knowland Park northwestward to
the University of California (strips A and B), were determined by the author in large part
by geological mapping in the field. Traces between the University of California and
Alvarado Park, in Berkeley (strip A), are primarily from a thesis by J. E. Case (1963);
map notations were added as a result of examination of aerial photographs, but no field
check was made here. TFault traces shown along the rest of the Hayward fault zone were
established by a combination of the procedures listed in the first sentence of this
paragraph.

Fault traces shown for the segment of the Calaveras fault zone from south of Hollister
northwestward to San Felipe Lake (strips F and G) are from maps by Rogers and Nason (196Ta
and 1967b). Only the most prominent and topographically obvious recent trace of the fault
zone is shown between San Felipe Lake and Hollister, although Rogers and Nason (1967b) have
mapped numerous additional linear elements in this area. Traces shown from San Felipe
Valley to the Calaveras Reservoir (strips C and D) are taken from Crittenden (1951). Data
from the three above sources were supplemented by the study of aerial photographs. The
traces in the intervening segment of the Calaveras fault zone, from San Felipe Lake north-
westward to San Felipe Valley (strips D-F), were located by interpretation of aerial
photographs supplemented by on-the-ground observation of physiographic features and such
obvious geologic features as exposed gouge zOnes; no systematic geologic mapping was
undertaken in this area.

A combination of visual inspection and projection was used to transfer lines from
aerial photographs examined in the office or used for compiling data in the field.
Features large enough to show on the topographic base maps are generally accurately
located to within 50 feet along the main traces, but may be as much as 150 feet off in
areas of low relief where map contours are far apart and do not delineate small-scale
fault features. Geologists and engineers who make specific use of these maps should
confirm the location of mapped features by surveying from control points on the ground and
should then determine whether they are truly the result of faulting.

SIGNIFICANCE OF LOCATING RECENT FAULT BREAKS

Movement along the San Andreas fault zone was the cause of the catastrophic San
Francisco earthquake of 1906 (Lawson, 1908). Sudden movement along the Hayward fault
within the area of this strip map occurred in 1836 and again in 1868. Both movements
produced disastrous earthquakes; in 1868 many buildings in Hayward were nearly demolished
(Lawson, 1908). O0ld records indicate that surface rupture along the Calaveras fault zone
north of the Calaveras Reservoir, near Dublin, accompanied a major earthquake in 1861
(Brewer, 1930; Trask, 186k4; Whitney, 1865).

Measurable tectonic creep along the San Andreas fault zone near Hollister is slowly
rending a building that straddles an active fault in the fault zone (Tocher, 1960).
Additional tectonic creep between Paicines and Cholame along the San Andreas fault zone
is indicated by the deformation of fences and by the recurrent development of fractures
in paved roads (Brown and Wallace, 1968). Similar creep along the Hayward fault zone is
dislocating railroad tracks, a culvert, a water tunnel, curbs, streets, and buildings
(Radbruch, Bonilla and others, 1966; Radbruch, 1967). A pipeline, sidewalks, walls, and
buildings are being offset in the city of Hollister by tectonic creep in the Calaveras
fault zone (Rogers and Nason, 1967a).

Fracturing within the San Andreas fault zone during the 1966 Parkfield-Cheolame earth-
quake closely followed previously mapped fault traces (Brown and Vedder, 1967, p. L), and
the line of surface rupture that formed along the Hayward fault zone in 1868, shown on the
accompanying map, in most places apparently followed the traces of former movement. Geo-
morphic studies of the San Andreas fault zone within the Carrizo Plain (Wallace, 1968)
show that displacements there have recurred many times along the same trace.

These observations suggest that ruptures which form at the time of any future major
earthquakes are likely to follow traces indicating recent movement. Thus, the most
recently active breaks should be recognized as geologically hazardous by builders, planners,
engineers, landowners, school boards, civil defense officials, and others; or by anyone
concerned with existing man-made structures, land utilization, or planned construction on
or near these most recent fault breaks. At present, no one can predict when movement on
or near these faults will recur or which ones will move next, but it is virtually certain
that some will move again. It should not be inferred, however, that movement will be
confined entirely to these mapped breaks or that movement will occur on all of them.
Surface fracturing may develop anywhere within the fault zones or on branching or other-
wise related faults beyond the fault zone. Gaps or discontinuities along fault traces
or blank spots within the zone do not necessarily represent stable or unfaulted segments
or undisturbed stable "islands" within the zone; they are merely places where no evidence
for recently active faulting was observed.

FIELD RECOGNITION OF MOST RECENT FAULTING

The traces of recently active faults can generally be recognized by topographic
features or by contrasts in vegetation that reflect varying ground water depths or soil
differences across the fault. The most common features are scarps, trenches or troughs,
notches, parallel ridges, offset drainage channels, sag. ponds, ponded alluvium, closed
depressions, and shutter ridges. These features have been developed by the interaction
between repeated movements and the continuing effects of erosion and deposition along
the fault. Horizontal shifts and vertical displacements amounting to a few inches or a
few feet result from successive sudden shifts accompanied by earthquakes, from intervals
of slow tectonic creep between earthquakes, or from a combination of both. Regardless of
their origin, the displacements produce scarps and other topographic features that deline-
ate the fault traces shown on the map. The annotations along the fault traces indicate
selected examples of these features that are not limited to the designated places; similar
features are present to some degree all alorg the mapped fault traces. As opposing fault
blocks slide laterally, some blocks are relatively depressed to form sags or sag ponds,
or elongate griben may form between parallel breaks. Other slivers are raised, tilted, or
s1id diagonally to produce knolls and shutter ridges; elongate horsts may be uplifted
between traces. Notches and trenches or troughs along the fault may reflect increased
erosion of the crushed and broken rocks in the fault zone, or they may be primary fault
features. ;

Surface features due to faulting are geologically temporary and ephemeral. Their
recognition is limited by the durability of small, easily destroyed geomorphic features,
which may be obliterated by erosion or vegetation, and may be obscured or covered by
deposition of alluvium or other sediment. In general, their preservation is strongly
dependent on climate. In arid regions, such as the Mojave Desert or the Carrizo Plain,
these fault features are best preserved and, in some cases, may be older than similar
features in more humid regions. In addition to the destruction by natural means, fault
traces may be modified or destroyed by works of man, particularly in rapidly growing urban
areas. Where slip has been entirely lateral (strike slip), relief may not have been
produced and the recently active break may not be identifiable. Only when fault movement
is relatively young are fault features as well preserved as those within the San Andreas
fault system.

by

Dorothy H. Radbruch

Note: Other recently active breaks
that have not produced distinctive
surficial features may be present

SPECTAL FEATURES OF THE HAYWARD AND CALAVERAS FAULT ZONES

The Hayward fault zone

The Hayward fault zone comprisec a northwest-trending zone of faults along the west-
ern front of the hills bordering the east side of San Francisco Bay. It extends north-
westward from Warm Springs on the south to San Pablo on the north, and may extend in either
direction beyond these limits. Movement along faults within this zone has caused two
major historic earthquakes with accompanying surface ruptures, one in 1836 and one in 1868.
Cracks reportedly opened between San Pablo and Mission San Jose in 1836 (Louderback, 1947)
and between Mills College, Oakland, and Warm Springs in 1868 (Lawson, 1908); 1868 cracking
has also been reported as far north as the University of California in Berkeley (Radbruch,
1967). Tectonic creep was first recognized on the Hayward fault in 1960, and since then
has been observed at various places along its length from San Pablo to Fremont (Radbruch,
1967 and 1968). It has cracked and offset curbs, streets, fences, railroad tracks, pipe-
lines, and buildings. The current rate of movement in most places appears to be about 0.2
inch per year. All creep movement appears to be right lateral. No historic surface
ruptures or physiographic evidence of recent movement have been documented south of the
Alameda-Santa Clara County line, but geophysical studies by Robbins (1968) indicate that
an old fault, now apparently inactive, may extend underneath the alluvium from the known
line of recent movement on the Hayward fault zone southeastward as far as Evergreen.

The traces of recent movement along the Hayward fault zone are in some places
clearly delineated by physiographic features such as sag ponds, trenches, and scarps,
whereas in other places such evidence is very faint. The offset of Strawberry Creek at
the University of California in Berkeley (strip A), the trench occupied by Lake Temescal
in Oakland (strip A), and the sag ponds, scarps, and elongate ridges in Fremont (strip C)
are clearly visible. At other places, north of the University of California, for example
(strip A), the traces are not well expressed, although we know from historic records that
surface rupture took place here at least once in historic time (Lawson, 1908; Louderback,
1947), and probably also at numerous times in the past.

The Calaveras fault zone

The Calaveras fault zone is another northwest-trending zone of faults that extends
from an undetermined point southeast of Hollister where it may merge with the San Andreas
fault zone, northwestward through Hollister, Coyote Reservoir, Calaveras Reservoir, and
Walnut Creek. Tt probably continues northwestward around Mare Island and across San
Pablo Bay, possibly merging with the Rodgers Creek fault in Marin County. The accompanying
strip maps show only the southern part of the Calaveras fault zone, from the town of
Hollister to the Calaveras Reservoir. A major earthquake probably originating in the
Calaveras fault zone was recorded in 1861; ground rupture accompanying the quake was noted
about 18 miles northwest of the Calaveras Reservoir, along the west side of San Ramon
Valley (Brewer, 1930; Trask, 1864; Whitney, 1865). The ruptures are presumed to have been
tectonic fracturing within the Calaveras fault zone.

Tectonic slippage ("creep") like that taking place along the San Andreas and Hayward
fault zones, has recently been recognized along the Calaveras fault zone. Creep has off-
set streets, pipelines, and buildings in the town of Hollister (Rogers and Nason, 1967a)
as well as fences and other man-made structures north of Hollister, in the San Felipe
quadrangle (Rogers and Nason, 1967c; T. H. Rogers, written communication, 1968). Damage
to the spillway of Coyote Dam (strip E) may be due to fault movement (Radbruch, 1968), and
the Cochrane Bridge at the south end of Anderson Lake (strip E) appears to have been
buckled and twisted by slow fault movement. The horizontal steel I-beam girders that
support the floor of the bridge, which is alined north-south, have been distorted both
laterally and vertically, so that there is a pronounced bend in them slightly south of the
center of the bridge. The north end of the girders have twisted up and to the east with
respect to the south end. The girders are supported by four sets of piers, one set on the
southwest shore of the reservoir, a second at, and a third near, the southwest shore; and
the fourth at the northeast shore. The bend in the girders appears to lie between the
second and third sets of piers at or near the southwest shore; the first and second sets
also appear to be somewhat out of line with the third and fourth (northernmost) sets, with
the latter two slightly farther east than the two southernmost sets. The exact amount of
deflection has not been measured, but appears to be several inches, both lateral and
vertical. The railings of the bridge are deformed in the same manner as the girders; in
places individual rail segments are bowed convex upward. Apparently the bridge has been
subjected to both right-lateral and compressive forces. Some of the forces, particularly
the compression, could be attributable to landslides. However, there is no evidence of
sliding at either abutment, although slides can be seen near the south abutment and are
numerous at other places along the shore of the reservoir.

The second set of piers (northward from the south end of the bridge) appears to be
resting on clayey fault gouge, and a pronounced northwest-trending trench southeast of
these piers is a physiographic indication of recent fault movement. The complex bridge
deformation consisting of right-lateral offset, buckling due to compression, and uplift of
the north end could be caused by right-lateral movement and thrusting along a fault ex-
tending northwestward across the north-trending bridge alinement, with the rocks on the
northeast side of the fault moving up and south-southeast with respect to those on the
southwest. A combination of thrusting and right-lateral movement has been recorded in

the Calaveras fault zone north of the Calaveras Reservoir near Dublin (Gibsen and Wollenberg,

written communication, 1966). However, simple right-lateral movement of a northwest-
trending fault crossing the alinement would cause both compressional and right-lateral
forces to be exerted on the bridge and, combined with slight uplift on the northeast side
of the fault, could result in the bridge deformation observed.

The pattern of recent movement within the Calaveras fault zone appears to vary along
the length of the zone. In some places the fault traces, as indicated by physiographic
features such as sag ponds, trenches, terraces, and offset drainage, appear to be remark-
ably straight lines visible for relatively long distances. One of these lines is shown
on the map south of San Felipe Creek, northeast of the north end of Anderson Lake (strip
E). North of San Felipe Creek (strip D) the fault zone seems to consist of a band of
short en echelon segments, which can be identified by sag ponds, linear trenches, and clay
gouge. Field work shows that rock in the ridges between the trenches in this area is also
highly fractured. East of Anderson Lake (strip E) the fault zone consists of a wide band
of anastomosing fault traces, clearly delineated by numerous hillside terraces, sag ponds,
and trenches.

Near Cochrane Bridge the fault zone also appears to consist of straight, narrow
breaks, whereas northeast of the bridge is a confused area of ponds, landslides, and vague
linear traces where the physiographic features may be due to a number of en echelon or
anastomosing fault traces, landsliding, or a combination of both.

Engineers, planners, and others dealing with land utilization along fault zones
should be aware that the characteristics of a fault zone may vary from place to place; the
specific character of the zone in a particular area should be considered in land use
planning and development.
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Solid line, obvious photogeologic or field evidence of recent movement shown
by scarp lines, trenches, sag ponds, offset streams, or gouge zones.

Short dash, less obvious photogeologic or field evidence of recent movement,
but very probably a fault break, queried where uncertain.

Brief notes along fault breaks indicate locations where features mentioned
are especially clear. Visible fault features are not limited to the
locations noted, but are present to some degree all along the mapped
fault lines.
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Location of surface rupture formed during the earthquake of October 2i, 1868
as shown on unpublished map prepared for the California State Earthquake
Investigation Commission of 1906.%

Approximate location of surface ruptures formed during the earthquake of
October 21, 1868; based on published descriptions and on locations of cracks
shown on unpublished maps prepared for the California State Earthquake
Investigation Commission of 1906.%

X ®
Locality of a crack Probable locality of a crack

Location of cracks formed during the earthquake of October 21, 1868; as shown
on unpublished maps prepared for the California State Earthquake Investigation
Commission of 1906.% (In some places the location of symbols, and therefore
of the approximate location of surface ruptures inferred from them, may be as
much as 250 feet in error, due to difficulties in transferring data from old
township maps.)

(Case,\QbS)

Location of fault traces taken from maps prepared by other investigators,
showing source of data. Dotted where probable trace is shown by them as
concealed.

¥Maps courtesy of Dr. Perry Byerly, University of California
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