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PURPOSE OF THIS STRIP MAP

This map is one of a set that shows the lines of inferred most recent move-
ments on the San Andreas fault. The character and location of these lines are
important to scientists and engineers who study faulting and earthquakes
and should be helpful to those concerned with land use and development on
or near the fault. The mapped lines mark suspected displacements of the
ground surface by rupture or creep along the fault. Map users should keep in
mind that these lines 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 AND FAULT ZONE

The San Andreas fault zone is a major structural break in the earth’s
crust that can be traced at the surface for more than 600 miles from near the
Mexican border northwestward through western California. It crosses the
shoreline near Point Arena and is believed to extend northward offshore at
least as far as Cape Mendocino. Movement within the fault zone has been
distributed along many parallel or subparallel faults that differ in age and in
amount of relative displacement. This complex zone of movement ranges in
width from a few hundred feet to several miles and presumably has had tens
or scores of miles of cumulative horizontal offset during late Cenozoic time
(25 +million years). This zone or band of interrelated faults is termed the
San Andreas fault zone (or rift zone) in contrast to the San Andreas fault,
which is the surface trace of most recent, or historic, movement (Noble,
1926, p. 416-417). The San Andreas fault system is a much broader term
(Crowell, 1962, p. 4) that incorporates subparallel major fault zones,
similar to the San Andreas fault zone, that form a belt more than 150 miles
wide in southern California.

LOCATION OF FAULT BREAKS

The faults shown on this map were located both by on-the-ground investi-
gation and by interpretation of vertical aerial photographs. Most of the
segment from Cholame Valley to Camp Dix was examined on the ground by
Wallace, and the segment from the southeastern part of the Panorama Hills
to a point 4 miles southeast of Camp Dix was mapped independently by
Vedder. From this point to Highway 99 through Tejon Pass, the fault
breaks were located primarily by photo interpretation by Vedder, but were
corroborated in part by spot checks on the ground and by airplane overflights.
Several sets of aerial photos were used, including U.S. Department of
Agriculture, Commodity Stabilization Service, 1954, 1956, 1957, scale
1:20,000; U.S. Department of the Interior, Geological Survey, 1966, 1967,
scale 1:6,000 and 1:12,000; and National Aeronautics and Space Adminis-
tration, 1965, scale 1:24,000.

A combination of visual inspection and projection was used to transfer
lines from the photographs to the topographic base maps; at places the fault
traces were plotted directly on the base maps in the field with the aid of
stereoscopic pairs of photos. Features large enough to show at the scale of
this map are generally accurate to within 50 feet along the main trace, 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
lines by surveying from control points on the ground and should determine
whether the mapped features are truly fault controlled.

FIELD RECOGNITION OF MOST RECENT FAULTING
Recently active fault breaks can generally be recognized on the basis of
topographic features or 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 chan-
nels, sag ponds, ponded alluvium, undrained depressions, and shutter ridges.
These features have been developed by repeated movements and by erosion
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and deposition along the fault. Horizontal shifting and vertical displacements
amounting to a few inches or a few feet result from successive shifts accom-
panied 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 delineate
the fault lines 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 along all the
mapped fault lines. As opposing fault blocks slide laterally, some blocks are
relatively depressed to form sags or sag ponds, or elongate graben may form
between parallel breaks. Other slivers are raised, tilted, or slid diagonally to
produce elongate ridges and shutter ridges. 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 that result from faulting are geologically temporary.
Their recognition is limited by the durability of small, easily destroyed
geomorphic features whose preservation is largely 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. They may be obliterated by erosion or
vegetation; may be obscured or covered by deposition of alluvium or other
sediment; or may be modified or destroyed by works of man. 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 along the
San Andreas fault zone.

LAND USE SIGNIFICANCE OF LOCATING
RECENT FAULT BREAKS

Sudden movement along the San Andreas fault in 1857 within the area of
this strip map, and again in 1906 in central California, duced disastrous
earthquakes. In 1857, horizontal displacement across the fault may have
been as much as 30 feet at places; in 1906, similar dislocations amounted to
as much as 20 feet. In 1940, severe structural damage resulted from horizontal
movements of as much as 14 feet along the Imperial fault, part of the San
Andreas fault system. Measurable tectonic creep along the San Andreas
fault near Hollister is slowly rending a building that straddles an active strand
in the fault zone (Tocher, 1960), and similar creep along the Hayward fault
zone is dislocating railroad tracks, a culvert, a water tunnel, and a building
(Radbruch and others, 1966). A pipeline, sidewalks, walls, and foundations
are being offset in the city of Hollister by tectonic creep in the Calaveras
fault zone (Rogers and Nason, 1967). Within the area of the adjoining strip
map to the north (Brown, 1969), tectonic creep along recently active fault
breaks in the San Andreas fault zone is indicated by the deformation of
fences and by fractures in paved roads (Brown and Wallace, 1968); and
ground breakage during the 1966 Parkfield-Cholame earthquakes closely
followed previously mapped fault traces (Brown and Vedder, 1967, p. 4).
Geomorphic studies of the fault zone by Wallace (1968) within the Carrizo
Plain area of this map show that displacements have recurred many times
along the same break during the last 10,000 to 20,000 years.

In summary, all these observations suggest that the line of most recent
ground breakage is likely to break again during future major earthquakes.
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 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
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be confined entirely to these mapped features or that movement will occur
on all of them. Surface fracturing may develop anywhere within the fault
zone or on branching or otherwise related faults beyond the fault zone.
Gaps or discontinuities along the main fault trace do not necessarily represent
stable or unfaulted segments; they are merely places where no evidence for
recently active faulting was observed.

SPECIAL FEATURES OF THE SEGMENT BETWEEN CHOLAME
VALLEY AND TEJON PASS

The most conspicuous feature of this segment of the San Andreas fault is
the large bend in the southern part between Santiago Creek and Tejon Pass.
Here the fault trace deviates nearly 40° from its relatively consistent trend
of N. 40° W. northward through the Carrizo Plain. The cause of this bend is
highly conjectural (Hill and Dibblee, 1953; Benioff, 1955); it may be related
to crustal warping that has resulted from lateral shifts on the Big Pine and
Garlock faults, which intersect the San Andreas fault at about 40° within the
bent segment; it may result from buckling due to compression in the Trans-
verse Ranges; or it might simply represent the path of least resistance
between relatively rigid crustal blocks.

Some of the widest zones of recently actiive breaks along the San Andreas
fault are shown on this strip map, particularly in the Elkhorn Hills and in a
belt about 4 miles long southeast of Highway 33. The widest of these zones is
nearly 114 miles across in the central Elkhorn Hills and southeastern Carrizo
Plain. Presumably, the west-trending traces located 2 miles southeast of
Camp Dix on Highway 33 are related to the Morales fault, a range-front
reverse fault along the southwest side of the Caliente Range. Similar topo-
graphic lineaments with a northwest trend are evident in the low hills south
of Highway 88, near the San Luis Obispo-Kern County line about 38 miles
southwest of Camp Dix, but are not related to any known major fault.
Active faulting in this general area about 1900 is reported by Upson and
Worts (1951, p. 39).

It is noteworthy that the main trace is a nearly continuous line, or pair of
lines, throughout much of the Carrizo Plain and is not as fragmented or
disconnected as depicted on adjoining strip maps to the northwest and
southeast (Allen,[in press;] Brown, 1970; Ross, 1969). In addition, many
more subparallel and branching traces are mapped on this segment. No
doubt these differences are attributable, in part, to the better preservation of
fault features and the lack of vegetatiom in this extremely arid region,
though it is possible that this segment of the fault has behaved differently
than other segments.

Minor fault features that probably resulted from the great earthquake of
1857 are preserved at a number of places along the Elkhorn Scarp; these
small-scale features include remnants of pressure ridges (mole tracks), en
echelon fractures, and slightly modified scarplets 1 to 8 feet high.

An unusual set of fault-bounded depressions, a few thousand feet long
by 500 to 1,000 feet wide, near the northwesst end of the Elkhorn Hills in sec.
84, T. 828, R. 22 E., may be graben developed by spreading of the uplifted
unconsolidated Quaternary deposits that form the bulk of the hills. The
curved shape of several of these graben may represent gradual distortion by
progressive and repeated drag within the broad fault zone and adjacent to
the main fault trace. The spreading of the Quaternary deposits combined
with landsliding may also have produced the large elongate ridges that make
up prominent elements of the Elkhorn Scarp in the Wells Ranch and Elkhorn
Hills quadrangles. Possibly these elongate ridges, which lie along the south-
west side of the main fault trace, have been displaced relatively northwest
about 2 miles. Open trenches or cracks that occur in several undrained
depressions in the Elkhorn Hills may be tension cracks related to the
spreading of the Quaternary deposits.

For about 6 miles northwest of Camp Dix, the fault zone is partially
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obscured and the fracture pattern is confused by large landslides that have
moved down the northeast flank of the Caliente Range to form large closed
depressions. In this segment the main trace is clear, but subparallel and
branching fractures on the southwest side may be modified or obscured by
the landslides, and some fractures are related entirely to landsliding.
Similarly, in the steep-sided canyon along parts of Santiago Creek and
adjoining creeks on strip F, even the main trace of the fault has been ob-
scured and modified by landslides.

The fact that there is no evidence for movement since 1857 in any part of
the mapped area seems puzzling when segments farther north are under-
going relatively rapid rates of tectonic creep. Fences as old as 50 years cross
the fault trace at several places between Cholame Valley and Camp Dix, but
show no offset (Brown and Wallace, 1968). Micro-earthquakes recorded by
Brune and Allen (1967) along the San Andreas fault in southern California
are strikingly few in the Carrizo Plain region. In the same region, horizontal
displacements of as much as 30 feet may have accompanied the 1857
earthquake, or may have resulted from a combination of sudden slip at the
time of the earthquake and slower slip or creep in weeks or months immedi-
ately following the earthquake; and repeated offsets of similar magnitude
presumably have occurred during the past 10,000 to 20,000 years (Wallace,
1968). This apparent contrast in rate and type of movement between the
Carrizo Plain segment and more northerly segments is discussed more fully
by Brown and Wallace (1968).
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EXPLANATION

Fault traces

Solid line, field or photogeologic evidence of recent movement shown by

scarp lines, trenches, sag ponds, spring lines, and vegetation contrasts

Dashed line, less obvious evidence of recent movement, but very probably

a fault break

Brief notes along fault breaks indicate locations where features men-

Linear valley

Scarp

Bench

tioned are especially clear. Visible fault features are not limited to the
locations noted, but are present to some degree all along the mapped
Sault lines

Offset drainage channel

Offset drainage channel

Linear Lineaorrvalley
ridge
Shutter ~ Tough

Spring ridge

Sag pond
Scarp

Geology mapped in 1968
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