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MAP SHOWING LOCATION OF STRIP MAP SEGMENTS

PURPOSE OF THIS STRIP MAP

This strip map is one of several designed to show the location of the most
recent movements 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 lines on the strip map mark dis-
placements of the ground surface by rupture or creep along the San Andreas
fault. Map users should keep in mind that these lines are primarily guides
for locating fault breaks on the ground and are not necessarily located with
the precision demanded by every engineering or land utilization need.

THE SAN ANDREAS FAULT AND FAULT ZONE

The San Andreas fault zone is a major flaw or break in the earth’s crust. It
extends from the Gulf of California in northern Mexico northwestward
through western California and under the Pacific Ocean off Point Arena in
northern California, a distance of more than 600 miles. Movement within
the fault zone has been distributed along many nearly parallel faults that
differ in age and in amount of total relative displacement. This complex zone
of movement—active over a span of millions of years and marked by dis-
placements measurable in tens or hundreds of miles—varies in width from
a few hundred feet to several miles. It is termed the San Andreas fault zone
(or rift zone), as distinguished from the San Andreas fault, which consists of
the traces of the most recent (in many places, historic) movement (Noble,
1926, p. 416-417).

Historic movement on the San Andreas fault is predominantly in the
horizontal plane, with the earth’s crust southwest of the fault relatively dis-
placed toward the northwest. This type of movement is termed right-lateral
strike-slip, or for brevity, right slip, because to an observer standing on one
side of the fault, the land surface on the opposite side is displaced to his right.
The right-slip character of the modern San Andreas fault is well established
by observations of the surface faulting accompanying numerous earth-
quakes, by precision surveys of triangulation nets that cross the fault, by
geodimeter measurements across the fault, and by linear features—both
man-made and natural—that are displaced right laterally where they cross
the fault. Vertical movements along the modern San Andreas fault are also
known, but historically these have been small and localized as compared to
right slip.

LOCATION OF THE FAULT BREAKS

The fault breaks were located by study of 1:12,000 scale aerial photo-
graphs flown on June 22, 1966, and were transferred to topographic maps by
visual inspection. On this map some breaks were located by on-the-ground
mapping following an earthquake of moderate magnitude accompanied by
significant fault movement in 1966.

Map users should consider a line on the map not as a precisely located
fault, but as a guide for field location of fault-break features. Where such
features are large enough or distinctive enough to be shown by the contours
of the topographic map, the fault break is accurately located to within 100
feet laterally. Where these features are more subtle or where topographic
maps show comparatively little detail, the mapped line may be as much as

MAP SHOWING RECENTLY ACTIV]

200 feet from the actual fault break, and in areas of featureless topography,
the accuracy of location may be even less. Consulting geologists, engineers,
and others making specific and direct use of these strip maps will need to
make ground surveys to confirm and refine the positions of these fault lines
in relation to structures and land boundaries.

FIELD RECOGNITION OF MOST RECENT FAULTING

The most recent fault breaks can generally be recognized by topographic
discordance or a contrast in vegetation reflecting varying depth to ground-
water or soil differences across the fault trace. The most common features
are scarps, trenches, notches, ridges, offset streams, sag ponds and other
small undrained depressions, and lines of springs or trees. These features
have developed in complex and different ways, but they are all controlled by
repeated movements along the fault, or by erosion along its trace. Horizontal
and vertical displacements of a few inches or a few feet accumulate from
successive displacements accompanied by earthquakes, from slow tectonic
creep between earthquakes, or from a combination of both. Whether they
are caused by creep or by sudden movements, the displacements produce
scarps and other topographic features that delineate the fault lines shown on
the map. The brief notes along the fault trace on the map indicate especially
clear examples of these features; they are not limited to the spots indicated,
but are present to some degree along the entire length of the mapped fault
breaks. As the edges of opposing fault blocks slide by one another, topo-
graphic irregularities are juxtaposed to form sags, sag ponds, or low ridges.
Notches and trenches along the fault line commonly reflect increased erosion
of the less resistant crushed and broken rock of the fault zone, or they may
be down-dropped slivers lying between parallel breaks in the fault zone.

Recently active fault breaks are recognized chiefly by geomorphic features
that are short-lived. The preservation of such features is largely dependent
on climate, which greatly influences vegetation, erosion, and chemical
weathering of rocks at the surface. Geomorphic evidence of faulting is best
preserved under arid conditions like those in the Mojave .Desert and is
relatively short-lived in more humid environments like the Coast Ranges
of northern California. Fault-break features may also be obliterated by
works of man; for example, in some parts of the San Francisco Peninsula,
evidence of the 1906 break has been completely erased by construction
accompanying urban growth. But most important, only when fault move-
ment has been relatively recent are fault features as well preserved as those
along the San Andreas fault zone.

The absence of identifiable evidence of recent displacement in places along
the fault zone does not necessarily imply stability. The preservation of such
evidence depends upon local erosional and depositional porcesses that vary
greatly from place to place. In the area of this map, downslope movement of
soil and landslides are among the most effective processes acting to erase
the evidence of recent displacement, and at a few places they have com-
pletely obliterated evidence of recent fault movement.

LAND USE SIGNIFICANCE OF LOCATING
RECENT FAULT BREAKS
The most recent breaks along the San Andreas fault should be recognized
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as hazardous by builders, planners, engineers, public works agencies, utility
companies, homeowners, landowners, developers, highway departments,
school boards, civil defense officials—in short, anyone connected with
present structures, land use, or planned construction on or near these most
recent fault breaks.

Sudden movement along the San Andreas fault in 1857 in southern Cali-
fornia and again in 1906 in the northern California area produced disastrous
earthquakes. In 1906, horizontal displacement across the fault was as much
as 20 feet, and that in 1857 was probably comparable. Measurable tectonic
creep along the San Andreas fault in the Hollister area (Tocher, 1960) is
slowly tearing apart a building that straddles an active break in the fault
zone. Creep has dislocated railroad tracks, a culvert, a water tunnel, and
buildings along the Hayward fault zone (Radbruch and others, 1966).
Within the area of this strip map, tectonic creep along recent fault breaks
is shown by the deformation of fences and by failures in the surface of
paved roads (Brown and Wallace, 1968). The ground fractures of the San
Andreas fault during the 1966 Parkfield-Cholame earthquake followed
almost exactly previously mapped fault breaks (Brown and others, 1967,
p- 4). Studies of the San Andreas fault in the Carrizo Plain area by Wallace
(1968) show that during approximately the last 10,000 to 20,000 years, dis-
placements occurred over and over again along the same break of the San
Andreas fault that was active in 1857. Simply summed up, these observa-
tions mean that the line of most recent ground breakage has a good chance
of breaking again during another major earthquake along this segment of
the fault.

At present, no one can accurately predict when movement on these faults
will recur or which segments will move next, but it is certain that some will
move again in the future. Movement will not necessarily be confined to
mapped faults and fractures, and indeed surface fracturing could develop
anywhere within the fault zone, and even on branching or otherwise related
faults beyond the fault zone.

SPECIAL FEATURES OF THE SEGMENT FROM THE
NORTHERN GABILAN RANGE TO CHOLAME VALLEY
Because the style of deformation along the San Andreas fault northwest
of Middle Mountain (Parkfield and San Miguel quadrangles) is different
from that to the sowtheast, the fault features in the mapped area are
described separately below.

North of Middle Mountain

The line of faulting—the San Andreas fault of small-scale maps—trends
about N. 40° W. and is very nearly straight. This line is defined by fault
segments, from 2 to 6 miles long, arranged in an alined but overlapping
fashion as shown on the strip map. The segments are essentially parallel
and in most places overlap each other by a third of a segment length or less;
at a few localities no overlap was detected either on aerial photography or
on the ground. Adjacent segments are typically no more than a few hundred
feet apart where they overlap, but exceptions are numerous.

Most of the 2- to 6-mile segments northwest of Middle Mountain are not
joined in an obvious way to the neighboring segments, although presumably
they are joined at depth to form a single approximately planar fault surface.
Resurveyed triangulation networks (Meade and Small, 1966) and geodimeter
measurements (Hofmann and others, 1967) show that the earth’s crust
southwest of the line of active breaks is clearly moving northwest relative
to the crust on the northeast side. Most of this movement is concentrated
along the mapped fault segments (Brown and Wallace, 1968), and surface
dislocations must be essentially continuous (even though this is not always
apparent). Continuity between apparently unjoined fault segments may be
accomplished by movements within a zone so that no clear link is discernible
between adjoining segments. Although most of the segments are not joined,
a few are, and these provide clues to the mechanism of linkage. At Little
Rabbit Valley (Greenfield quadrangle), the trend of one segment changes
sharply where it joins its southern neighbor; similar relations are possibly
shown due north of Bear Valley School (San Benito quadrangle), at the
extreme northern edge of the strip map, and at a few other localities north

of Middle Mountain. Another linkage mechanism is indicated where a
ranch road crosses the ridge crest separating Pancho Rico Creek from the
upper part of Slack Canyon (Priest Valley quadrangle); there, a very short
(about 600 feet) fault segment separates the opposed ends of two larger
breaks and parallels them. The short medial fault segment seems to provide
dislocation continuity by partly bridging the gap between the two unjoined
segments. A very similar relationship is shown about 6 miles to the south-
east, where the fault crosses Nelson Creek (San Miguel quadrangle).

The fault segments northwest of Middle Mountain vary considerably
in arrangement and pattern, but when they are viewed along their trend,
a significantly larger number of offsets are seen to be stepped to the right
rather than to the left.

Evidence of current and historic movement along individual segments is
abundant from Bitterwater Valley north to the vicinity of Paicines. Very
recent movement is shown by en echelon fractures in the Airline Highway
at several places where it is crossed by active fault segments; at most of these
localities the highway has been patched many times. The patches vary in
age, but all are localized in a narrow belt that coincides with the fault.
Movement is also displayed by fences that cross the active segments of the
fault. Many of these fences exhibit more than a foot of right slip at the fault;
that is, the fence segments on the northeast side of the fault are displaced
toward the southeast. Because the older fences exhibit the greatest dis-
placement, it is clear that fault movement has been repeated, or essentially
continuous, for at least half a century. Both the fractured zones in the Air-
line Highway and the offset fence localities are shown on the strip map. More
detailed information and additional interpretive discussion are afforded by
Brown and Wallace (1968), who concluded that this part of the fault is
moving at about 0.8 inch per year, and that the movement is essentially
localized along the recently active breaks shown here.

From Bitterwater Valley south to Middle Mountain, evidence of current
and historic fault movement is sparse. This is partly because the area is
sparsely inhabited and only a few man-made features cross the fault, but it is
also because soil movement on steep slopes and numerous landslides tend to
deform both the fault traces and any linear man-made features that cross
them. Despite the scarcity of evidence, the similarities between fault-formed
surface features here and those further north suggest that historic and pre-
historic movement rates are comparable.

Atypical and unusual fault patterns are apparent at several places north
of Middle Mountain. Broad zones of faulting characterized by two or more
parallel breaks are evident along the northwest-trending ridge crest north-
east of Bear Valley (San Benito quadrangle), along Mustang Ridge near
Gull Neck Rock (Hernandez Valley quadrangle), and where the fault crosses
the Airline Highway about a quarter of a mile north of the James Ranch
(San Benito quadrangle). At these places, and perhaps at a few others,
recent movement appears to be distributed between two or more parallel
fault surfaces or within a relatively broad zone. Between Bitterwater Valley
and Lewis Creek (Hernandez Valley quadrangle), unusual drainage patterns
and low scarplets suggest a series of small north-trending faults on which
vertical movement was dominant. These are shown on the strip map as
fracture-controlled drainages, but those in the landslide area east of De
Alvarez Ranch are also defined by linear scarps as much as 20 feet high. The
scarp surfaces are essentially unmodified by erosion, and although they
occur within a landslide area, their trend and appearance suggest that they
are true tectonic features.

South of Middle Mountain

From the northern part of Middle Mountain to the southern part of
Cholame Valley, the active break of the San Andreas fault is essentially
continuous. It is approximately a straight line except near the broadest
part of Cholame Valley, where it bends to the south. At this bend the fault
segment bounding the southwestern edge of the valley cannot be traced
into the segment to the north, but its projected course was marked by sand
mounds after the 1966 earthquakes (Brown and others, 1967, p. 13), which
indicates that the two segments are probably connected.

The active break in this area was originally determined from aerjal photos
in the same way as the fault segments to the north, but the active nature of
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the fault south of Middle Mountain was strikingly demonstrated during the
Parkfield-Cholame earthquakes of June-August 1966. All of the fault marked
on the map by short en echelon dashes broke during that earthquake
sequence. A discussion of the fracture zones, rates of movement, and other
data pertinent to the Parkfield-Cholame earthquakes is given elsewhere
(Brown and others, 1967) and need not be repeated here, but it may be
worthwhile to indicate briefly some of the distinctive features of the segment
south of Middle Mountain.

From the strip map, it is obvious that the fault south of Middle Mountain
is a relatively continuous break and lacks the segmented character that it
exhibits to the north. Historic records indicate other differences: for example,
the southern segment has repeatedly been the site of moderate magnitude
earthquakes, many of them accompanying fault displacement along the line
of the active break. The segment north of Middle Mountain seems to have
as many or more earthquakes, but relatively minor ones. Moreover, fault
movement north of Middle Mountain appears to be relatively continuous, a
form of tectonic creep, whereas fault movement south of Middle Mountain
is spasmodic. Rates of movement are also different; for the past half century,
the fault south of Middle Mountain shows a rate of movement about half of
that to the north. These differences are discussed more fully by Brown and
Wallace (1968), who also contrast this segment of the fault with the segment
immediately to the south, between Cholame Valley and the southern end
of the Carrizo Plain, which exhibits no evidence of movement in the past
40 years.
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Fault breaks associated with 1966 fault movement
En echelon pattern, ground fractures arranged en echelon and exhibiting
measurable right slip. Mapped June-August 1966 (Brown and others, 1967).
Pattern is diagrammatic and exaggerates fracture zone width
Dots, ground fracturing was discontinuous or missing, or fault break was
mapped on the basis of other evidence such as sand flows, boils, or fault-line
topographic features

Interpreted fault breaks

Solid line, obvious photogeologic evidence of recent movement shown by scarp
lines, trenches, sag ponds, spring lines, and vegetation contrasts

Dashed line, less obvious photogeologic evidence of recent movement, but very
probadbly a fault break

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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Fracture-controlled drainages
Short, unusually straight stream segments or gullies, in places bounded on one

side by scarps that are relatively uneroded. Drainages and scarps are pre-
sumed to be tectonically controlled
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Landslide

Enclosed by solid line where limit is well defined, by dashed line where limit s
approximate or uncertain. Arrows show direction of movement
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Geology mapped in 1966 and 1967
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