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FAULTS BETWEEN CAJON PASS AND SALTON SEA, CALIFORNIA

Other recently active breaks that have not produced

MAP SHOWING RECENTLY ACTIVE BREAKS ALONG THE SAN ANDREAS AND RELATED

PURPOSE OF THIS STRIP MAP

This map is one of a set that shows the lines of inferred most recent
movements along the San Andreas fault system. 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 these fault zones. 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 qyery engineering or land-use
project. The areas covered by this map and other strip maps of this set are shown
on the index maps.

SAN ANDREAS FAULT SYSTEM

The San Andreas fault system is a 600-mile-long belt of major fault zones
extending northwestward from the Colorado River delta to Point Arena on the coast
of northern California. It is believed to extend northward offshore at least as
far as Cape Mendocino. Each fault zone contains many parallel or subparallel
faults that differ in age and in amount of relative displacement. Historic
displacements have resulted from violent rupture during earthquakes, from
imperceptible movement not accompanied by felt earthquakes (slippage or "creep"),

LAND-USE SIGNIFICANCE OF LOCATING RECENT FAULT BREAKS

The trace of ground breakage during the 1966 Parkfield-Cholame earthquake,
northeast of Paso Robles, almost exactly followed the two freshest looking fault
traces in that region (Brown and Vedder, 1967, p. 4-5). During the 1968 Borrego
Mountain earthquake along the San Jacinto fault zone, "* ¥ * in every area where a
pre-existing fault was indicated * * *, the rupture took place almost exactly along
the line of earlier breaks" (Allen and others, 1968, p. 1185). Many of these
earlier breaks were very fresh in appearance. Along the San Andreas fault zone
east of Salton Sea, fresh fractures that probably originated during the Borrego
Mountain earthquake either formed along or bridged the gap between photogeologically
interpreted recent fault traces. In the Carrizo Plain west of Bakersfield, ground
breakage during the major 1857 Fort Tejon earthquake followed a narrow zone that
Wallace (U.S. Geol. Survey, 1966, p. Al35; Wallace, 1968, p. 14) interprets as
having been an active fault zone for the past 10,000 to 20,000 years. Creep of
as much as 2 centimeters per year has been observed along some recent fault traces.
For example, on a fault trace formed during an 1868 earthquake along the Hayward
fault zone, a branch of the San Andreas fault system lying east of San Francisco
Bay, creep is slowly displacing fences, buildings, and railroad tracks (Cluff and
Steinbrugge, 1966, p. 257; Bonilla, 1966, p. 288). And a winery built across a
recently active trace of the San Andreas fault zone southwest of Hollister is
now being slowly disrupted by right-lateral fault creep (Steinbrugge and Zacher,
1960, p. 394).

Base from U.S§. Geological Survey
7.5'qnd IS'quadrangles as indicated

ANNOTATED REFERENCES

Addicott, W. 0., 1968, Mid-Tertiary zoogeographic and paleogeographic discontinuities
across the San Andreas fault, California, in Dickinson, W. R., and Grantz, Arthur,
eds., Proceedings of conference on geologic problems of San Andreas fault
system: Stanford Univ. Pubs. Geol. 'Sci., v. 11, p. 1hk-165.

Examination of fossils and stratigraphy of Oligocene-Miocene rocks suggests
cumulative right-lateral displacement of 200 miles since the Oligocene.

Allen, C. R., 1957, San Andreas fault zone in San Gorgonio Pass, southern
California: Geol. Soc. America Bull., v. 68, no. 3, p. 315-350.

Descriptions and geologic maps of the San Andreas, Banning, and other
faults in this complex area.

Allen, C. R., St. Amand, Pierre, Richter, C. F., and Nordquist, J. M., 1965,
Relationship between seismicity and geologic structure in the southern
California region: Seismol. Soc. America Bull., v. 55, no. 4, p. 753-797.

Points out problems in determining the relative age of a fault feature by
its "freshness" alone. .

Allen, C. R., Grantz, Arthur, Brune, J. N., Clark, M. M., Sharp, R. V., .
Theodore, T. G., Wolfe, E. W., and Wyss, M., 1968, The Borrego Mountain,
California, earthquake of April 9, 1968--A preliminary report: Seismol.
Soc. America Bull., v. 58, no. 3, p. 1183-1186.

Description of ground breakage caused by the Borrego Mountain earthquake.

Bonilla, M. G., 1966, Deformation of railroad tracks by slippage on the Hayward
fault in the Niles district of Fremont, California: Seismol. Soc. America
Bull., v. 56, no. 2, p. 281-289.

Railroad tracks built 55 and 56 years ago have been displaced right
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Fault traces

Solid line, obvious photogeologic evidence of recent
movement shown by offsel stream channels,
relatively uneroded scarps, benches, lrenches,
and nolches ¥ dashed line, less obvious photo-
geologic evidence of recent movement, bul very
probably a fault break; dotted line, probable
localion of concealed recent trace; gueried where
posilion uncertain. Hachures on downthrown
block along recent scarp

Palm Springs

FIGURE 2

Fractures formed during or within a few days of the Borrego
Mountain earthquake of April9, 1968

Mapped in the field by R.£ Dallace, U.S. Geological Sur-
vey, and Max Wyss, California Institule of Techrology

YBrief-notes along the fault traces refer to localions
where the fealures mentioned are especially elear.
- : Visible fault features are not limiled lo the localions
noled, bul are present to some degree all along the
mapped faull lines

THIS MAP IS PRELIMINARY AND HAS NOT BELN
EPITED OR REVIEWED FOR CONFORMITY WITH 1.5.
GEOLOGICAL SURVEY STANDARDS AND NOMENCLATURE

FIGURE 1

INDEX MAP OF CALIFORNIA SHOWING
LOCATION OF STRIP MAPS IN THIS SERIES

LOCATION OF FAULT BREAKS

This map was prepared by examining vertical aerial photographs of the area
for lines of recent fault breakage and drawing these lines onto U.S. Geological
Survey topographic maps (1:24,000-scale where available, 1:62,500 elsewhere).
Where there is a gap in coverage between strips, there are no recent traces.

Two sets of photographs were used--one set at a scale of 1:14,000 flown in 1966,
another set at a scale of 1:18,000 flown in 1930. The older photographs were
useful for locatirg fault traces that have been obscured by construction and
excavation since 1930. Where surface features along recent traces are large
enough to appear on the topographic maps, the location of the traces is generally
accurate to within 50 feet. Inh areas of low relief, where map contours are far
apart and do not delineate small-scale fault features, the plotting error may be
as much as 200 feet. 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 independently whether the features mapped are truly
fault controlled.

Scarps (or scarplets) are a common fault feature. They are either straight
or smoothly curved in map view, and the height of the scarp varies irregularly,
rarely exceeding 100 feet. Where two parallel scarps face each other (strip A,
Devore quadrangle) a fault trough, or graben, is developed; where two parallel
scarps face away from each other (strip A, Harrison Mountain quadrangle) a fault
ridge, or horst, is developed. Scarps do not necessarily develop by vertical
displacement. Some undoubtedly do, but others are formed by horizontal shifting
of irregular surfaces, juxtaposing truncated hills and depressions. Where scarps
face in opposite directions within a short distance along a trace (Strip A,
Redlands and Harrison Mountain quadrangles), it is likely that the faulting has
involved some component of horizontal movement.

Stream channels, gullies, and ridges bend in crossing faults at many places.
Such bends are labelled "offsets" where they are clearly the result of right-lateral
faulting, and "deflections" where the cause of the bend is not apparent. Right-
lateral offsets of 50 so 500 feet occur at eight places in the zones covered by
these strip maps (Strip A, Devore quadrangle, San Bernardino North quadrangle,
Harrison Mountain quadrangle; Strip B, Yucaipa quadrangle; Strip C, Desert Hot
Springs and Seven Palms Valley quadrangles; Strip D, Myoma quadrangle; Strip E,
Mecea quadrangle). Just north of Devore Heights (northwest end of Strip A),
several small gullies are displaced about 50 feet, whereas a larger canyon just to
the east has a 150-foot offset. This difference in offsets implies that after
the larger canyon formed, but before the gullies formed, the fault slipped 100 feet,
and that after the gullies had formed, the fault slipped an additional 50 feet.

Surface features due to faulting are geologically temporary and ephemeral.
Their recognition is limited by the durability of small, easily destroyed geomor-
phic features whose preservation is largely dependent on climate. Such fault
features are best preserved in arid regions, such as the Coachella and Imperial
Valleys; features of similar age in more humid areas, such as the San Bernardino
Mountains, may, at some places, have been obliterated. Fault features may be
erased 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 and related faults. '

SPECIAL FEATURES OF THE SEGMENT BETWEEN CAJON PASS AND SALTON SEA

An almost continuous zone of recent traces marks the San Andreas fault along
the southwest edge of the San Bernardino Mountains (Strip A). Part or all of
these traces may have formed during the 1857 Fort Tejon earthquake (Wood, 1955,
p. 47). Just east of Waterman Canyon (Strip A, San Bernardino North quadrangle),
the San Andreas fault diverges into a north and a south branch, and the zone of
recent fault traces follows the north branch for at least a few miles southeast
of this divergence. Actually, the change from fresh to eroded fault traces is
gradual, and the point at which the trace of recent faulting is terminated on this
map is necessarily somewhat arbitrary. Eroded scarps continue southeast of the
place where the recent fault trace is shown to stop. The segment of recent
faulting along the south branch begins a mile southeast of the divergence and
continues southeastward for 14 miles. Farther southeast, from Potato Canyon to
the Banning fault intersection (Strip B), recent traces are discontinuous and
short. A nearly continuous, 20-mile-long recent trace occupies the middle
segment of the Banning fault (Strip C). Almost no fresh traces occur along the
north branch of the San Andreas fault through the San Bernardino Mountains; this
may be due either to actual cessation of fault activity in recent times or to
more rapid erosion rates in the mountains. Between the San Bernardino Mountains
and the Indio Hills are several scattered recent scarps, and from the north end
of the Indio Hills southeast nearly 30 miles into the Mecca Hills, the fault
traces are again nearly continuous (Strips C, D, and E). East of Indio the
recent trace has been largely obscured by the Coachella Canal (Strip D, Indio
quadrangle), but aerial photos taken in 1930, before the canal was built, clearly
show the trace in this area. Along the east shore of Salton Sea also, the trace
is nearly continuous but shows up on the photos only as a line with no topographic
expression. Recent fault traces are crossed by several shorelines of Lake
Cahuilla (the Quaternary lake basin now partially filled by Salton Sea). The
oldest preserved shoreline that crosses the San Andreas fault zone is probably about
300 years old (Stanley, 1963, p. 149A; written commun., 1967), and since none of
the shorelines are visibly displaced, the latest surface faulting of large
displacement probably occurred more than 300 years ago. The numerous faults
northeast of the main trace and southeast of the Indio Hills (Strip D, Thermal
Canyon quadrangle) have offset alluvial fans by primarily vertical movement.

In April 1968, a series of en echelon fractures, many with right-lateral
offsets of as much as 1 cm, developed along the southern part of the San Andreas
fault (for their location, see Thermal Canyon, Mecca, Mortmar, Salton, and
Durmid quadrangles). The faulting apparently resulted from an earthquake 70O km
to the southwest along the San Jacinto fault zone (Allen and others, 1968, p. 1185).
These fresh breaks were mapped by R. E. Wallace of the U.S. Geological Survey and
Max Wyss of the California Institute of Technology. With only two minor exceptions,
the new fractures either formed along recently active fault traces as previously
interpreted on air photographs taken in 1966 and 1930 or bridged gaps between
such recent traces.

Northwest of the area shown on these strip maps (see Ross, 1969), recent
traces are nearly continuous and alined and are comparable in freshness to those
along the southwest side of the San Bernardino Mountains. At no place there do
discontinuous recent traces follow several semiparallel fault zones, as they do
in the southeastern San Bernardino Mountains and the Coachella Valley.

No further surface trace of the San Andreas fault is known to exist
southeast of the area shown on this strip map. However, the fault very likely
continues for a considerable distance as a buried feature. The fault system as a
whole does continue into the Gulf of California, but recent displacements are
apparently taken up by more westerly branches such as the San Jacinto fault.

Crowell, J. C., 1962, Displacements along the San Andreas fault, California:
Geol. Soc. America Spec. Paper 71, 61 p.

Review of previously described displacements along the fault and discussion
of suggested displacements in southern California.

Dibblee, T. W., Jr., 1964, Geologic map of the San Gorgonio Mountain quadrangle,
San Bernardino and Riverside Counties, California: U.S. Geol. Survey Misc.
Geol. Inv. Map I-431, scale 1:62,500.

1966, Evidence for cumulative offset of the San Andreas fault in central
and northern California, in Bailey, E. H., ed., Geology of northern
California: California Div. Mines and Geology Bull. 190, p. 375-384.
Lists and describes offset geologic units and other criteria that substantiate
right-lateral movement on the San Andreas fault; maps show offset geologic
units of several ages along the segment of the fault from the northern
Gabilan Range to Cholame.

Hill, M. L., and Dibblee, T. W., Jr., 1953, San Andreas, Garlock and Big Pine
faults, California--a study of the character, history, and tectonic
significance of their displacements: Geol. Soc. America Bull., v. 6k,
no. 4, p. 4h43-458.

Presents evidence that right-lateral displacement along the San Andreas
fault system has accumulated during a consideratle span of time.

Ross, D. C., 1969, Recently active breaks aiong the San Andreas fault between
Tejon Pass and Cajon Pass; southern California: U.S. Geol. Survey Misc.
Geol. Inv. Map I-553, scale 1:24,000.

Strip map of a part of the San Andreas fault.

Stanley, G. M., 1963, Prehistoric lakes in Salton Sea Basin [Ebs;7: Geol. Soc.
America Spec. Paper T3, p. 249.

Gives ages and elevations of various shorelines.

alifornia/--Fault creep and property damage: Seismol. Soc. America

Steinb e, K. V., and Zacher, E. G., 1960, Creep on the San Andreas fault
[ariroma)
Bull., v. 50, no. 3, p. 389-396.

Documentation of damage to a winery by creep within the San Andreas fault
zone .

U.S. Geological Survey, 1966, San Andreas fault system, in Geological Survey research,
1966: U.S. Geol. Survey Prof. Paper 550-A, p. Al35.

Ground breskage during the 1857 Fort Tejon earthquake followed a narrow
fault zone that has probably undergone several displacements during the
past 10,000 to 20,000 years.

Wallace, R. E., 1968, Notes of stream channels offset by the San Andreas fault,
southern Coast Ranges, California, in Dickinson, W. R., and Grantz, Arthur,
eds., Proceedings of conference on geologic problems of San Andreas
fault system: Stanford Univ. Pubs. Geol. Sei., v. 11, p. 6-21.

Presents evidence for recurring movements along the same fault traces in
Carrizo Plain.

Wood, H. 0., 1955, The 1857 earthquake in California: Seismol. Soc. America Bull.,
v. 45, no. 1, p. 47-67.

Quotes from contemporary accounts and other old reports concerning the
strongest earthquake in southern California since the coming of the
white man.



