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is not disc%‘:rnible, but it probably is small; that the Recent faulting is of
reverse and not normal type is indicated by the low angle of break in
this relatively unconsolidated material (Hubbert, 1951, pp. 362-363).
Although a normal fault displaces both Recent alluvium and one of the
older thrusts at the mouth of Stubby Canyon, this faulting appears to be
a local adjustment that is not typical of the mountain fronl as a whole.

On the east wall of the mouth of Stubby Canyon, exposures
indicale lhat recurrent thrusl faulling has taken place during deposition
of the Cabezon fanglomerate (section E-E', pl. 3). From here east-
ward to Cottonwood Canyon are several thrusts, some entirely within
crystalline rocks and others evidently buried beneath the alluvium in
front of the foothills (pl. 3). Near the mouth of Seventh Canyon, one of
the thrusts has overridden a breccia derived from rocks of the upper
plate, so that the position of the contact is obscure. In this area, the
- northernmost thrust is the mosf recent, inasmuch as it appears to
truncate the older shallower thrusts. On the other hand, in Second and
Third Canyons, the southernmost fault is most recent, and is marked by
remnants of scarps in the Recent alluvium.

It might be argued that the thrusts between Millard and
Cottonwood Canyons are merely subsidiary to a major vertical fault of
similar trend and of possible strike-slip nature. Such subsidiary
thrusts along the San Andreas fault have been described by Noble (1932),
Crowell (1950, 1952), Wallace (1949), and others. That the thrusts along

the Banning fault are, nonetheless, part of the main fault system and not
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merely subsidiary features is indicated by (1) coutinuity, al least
westward, of the thrusts with the steeper portion of the Banning fault,
(2) seismic evidence that thrusting is the predominant method of strain
release in this critical area (Dehlinger, 1952), and (3) lack of Receat
scarps indicative of major vertical faulting south of the thrust zone.
The lack of evidence for the presence of a throughgoing fault in the
crystalline rocks north of the thrust zone has been discussed above in
connection with the San Andreas fault.

Eastern segment--East of Cottonwood Canyon a sudden

change in topographic expression is associated with the faulting, Not
only is there no evidence of thrusting, but the fault irace is marked by
a longitudinal valley suggestive of rift topography. Where next exposed,
one mile west of Whitewater River, the fault plane dips 65° north and
appears to be a single break. Furthermore, throughgoing Recent scarps,
~ the topography of which is indicative of relatively steep dip of the fault
plane, commence not far east of Cottonwood Canyon. These same
scarps do not appear to extend westward into the thrust zone between
Cottonwood and Stubby Canyons, however, and it thus seems that the
Banning fault changes from a flat thrust to a high-angle reverse fault
within a distance of less than 3 miles. This sudden change is discussed
farther on, in the section on mechanics of the Banning-San Andreas
fault system,

East of Whitewater River, topographic expression of the

Banning fault suggests near-verticality. From Painted Hill eastward
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into Coachella Valley, the fault is marked by subtle changes in vegeta-
tion that reflect differences in ground-water levels on the two sides of
the fault. Although it is a nearly east-west break at Whitewater, the
Banning fault curves southward and is trending 120° (east- southeast)
where it enters the Indio Hills 15 miles to the southeast. This is the
same trend as that of the San Andreas fault in the Transversze Ranges
northwest of San Gorgonio Pass.

Displacernenl--The various lines of evidence pertaining to

the displacement on the Banning fault are:

(1) The length and continuity of the fault trace suggest that
it is a major tectonic feature of Southern California, and possibly
one of large displacement.

(2) Throughout the pass area, the fault is characterized by
a zone of crushed rock more impressive than similar zones along the
nearby San Andreas fault. This zone, distinctive for its light green
color, reaches thicknesses of several thousand feet.

(3) No Tertiary rocks crop out west of Whitewater and north
of the Banning fault, yet a well drilled in 1926 less than one mile
south of the probable trace of the fault in Yucaipa Valléy bottomed
at 5358 feet in Tertiary(?) sedimentary rocks (Oakeshott, et al.,
1952, p. 32). Similarly, a well drilled in 1953 midway between
Banning and Beaumont penetrated 2100 feet of Pliocene-Pleistocene(?)
beds without striking the crystalline complex.

(4) Cabezon fanglomerate has been faulted against the
N
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crystalline complex near Whitewater, and indicates Recent relative
upward movement of the north block of at least §00 feet. Drag of
Cabezon beds on the east wall of Whitewater Canyon also indicates
.upward movement of the north block,

(58) The very existence of San Gorgonio Pass suggests lavge
vertical displacements on the Banning fault. It is noteworihy that
both the pass aﬁd the fault are east-west features, in contrast to
the northwest trend of the San Andreas and San Jacinto fault systems.

(6) Stream offsets indicative of Recent lateral displacement
are absent along the irace of the Banning fault in San Gorgonio Pass.
Although most of the streams draining the north side of the pass
debouch onto alluvial fans and therefore might not be expected to
show lateral offsets, the intrenched canyon of Whitewater River
certainly should be displaced if this type of Recent movement had
been large. |

(7) Pebbles derived from the Painted Hill formation have
been riragged eastward along the thrust fault between the heads of
Second and Third Canyons, and suggest that the thrusting here has
had an .oblique or right-hand strike-slip component.

(8) Drag of Tertiary beds south of Painted Hill suggests that
some right-hand strike-slip movement took place on the Banning
fault,

(9) Flaser-gneiss clasts of probable local origin within the

lower member of the Hathaway formation (pp. 49-50) suggest that
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there has been less than five miles of laleral displaceraent on the
northern (major) branch of the Banning fault since early Pliocene
time. Further mapping of the regional geology is needed, however,
before this evidence can be evaluated with confidence.

(10) The occurrence of piedmontite-bearing clasts within
the Painted Hill formation (p. 63) indicates less than 10 imiles of
lateral displacement since Early or Middle Pliocene time, and no
displacement is necessitated.

(11) The occurrence of piedmontite-bearing clasts within
the San Timoteo{?) formation near Banning (p. 68) is most reasonably
explained by approximately 5 miles of post-San Timoteo(?) right-
hand strike-slip displacement on the Banning fault, although logical
arguments could be made either for still greater lateral displacement
or for none at all,

(12) The crystalline rocks north and south of the Banning
fault, underlying San Gorgonio and San Jacinto Peaks respectively,
appear to be of different types. Whereas this discontinuity might be
explained in terms of large pre-Pliocene lateral displacement on the
Danning fault, there is no known locality where the "fit" across this
east-west shear zone would have been any better than it is now,

Nor does vertical displacement alone seem adequately to explain
the difference in rock types. Rather than the discontinuity of rock
types being caused by displacement on the fault, it also is possible

that the Banning fault is here because of, and associated with, the
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natural boundary between two gevlogic unils,

The Transverse Ranges reflect a deep-seated crustal shear
zone of considerable extent (Menard, 1953). 1f this zone is pre-
Cre
rocks mavy have been determined by this {ransverse shear zone,
instead of the intrusive rocks having been cut off by the fault in posi-
Cretaceous tirn.e. This problem is one of major regional significance,
and insufficient evidence is now at hand to permil a final answer.

Summary--The Banning fault is a major east-west tectonic

feature of Southern California, and forms the southern limit of the
Transverse Ranges in the area of San Gorgonio Pass. Reverse-fault
component of movements of many thousands of feet have taken place in
Quaternary time, although Recent (post-Heights) displacement is
restricted to that portion of the fault that lies east of Millard Canyon.

~ There is little évidence of Recent strike-slip movement in the San
Gorgonio Pass area, and post-lower Pliocene lateral displacement
probably is no greater than 10 miles. The geographic positions of
clasts in the San Timoteo{?) formation are most easily explained by a
post-San Tiﬁmoteo(?), pre-Heights right laleral displacement of about 5
miles. Pre-early Pliocene lateral displacement on the Banning fault

may have been great but is not demanded by evidence in this area.

MISSION CREEK FAULT

Nomenclature and previous work--The Mission Creek fault

was named and first described by Vaughan (1922, pp. 401—'403) on the
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basis of exposures near the mouth of Mission Creek, Partly hecause

of inadequate topographic maps, it has been wrongly assumed that this
fault is continuous with the prominent fault that is marked by the straight
canyons of Mill Creek and a part of the North Fork of Whitewater River.
The present study, however, indicates that the Mission Creek fault

extends west from the mouth of Mission Creek along the South Fork of

Whitewater River,‘ and thence veers southward to join the San Andreas
faultbianan Gorgonio Canyon north of Banning (pl. i), The western part
of this redefined Mission Creek fault corresponds to the Raywood fault
of R. T. Hill (1928, pp. 147, 162). The more northerly fault marked
by the course of Mill Creek is herein renamed the Mill Creek fault.

Features of the fault trace--In the 4-mile interval between

the San Andreas fault and Raywood Flat, the trace of the Mission Creek
fault is marked by the straight canyons of San Gorgonio River and the
_tributary that joins the main canyon at Power House No. 1 (pl. 1).
Beneath the unbroken Cabezon(?) fanglomerate of Raywood Flat, this
fault is joined by at least two éther faults of more northwesterly trend.
The entire zone is well exposed siill farther east in the gorge of the
South Fork of Whitewater River, where the exposed width of the pulverized
zone is greater tilan one-quarter mile; the fault zone here dips 45° north.
The course .of the South Fork of the Whitewater River is, in
general, determined by the Mission Créek fault for a distance of 5 miles
east from Raywood Flat. It is interesting to note, however, that the

present gorge, which is incised into an old and broader valley, lies
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’-gencrally south of the trace of the fault, Numerous reiunants of
terraces that are mantled with Cabezon(?) fanglomerate overlie the

- fault trace north of the present stream. It is possible that southward
tilting has displaced the rejuvenated stream course to a position some-
what south of the former valley axis, Similar asymmetric terrace
survival is evident in the canyons of Mill Creek and San Gorgonio River.

The Miésion Creek fault zone is well exposed one mile
northeast of the junction of the North and South Forks of Whitewater
River (pl. 1). Here the zone of crushed rock is 1000 feet thick and diias
50° to 60° north. Sedimentary rocks, tentatively assigned to the
deformed gravels of Whitewater River, form the northernmost fault
wedge; the remaining rocks comprise dark-colored crushed amphibolite,
and Miocene(?) basalt intruded and subsequently crushed along the fault
zone, Similar basalt is exposed in the fault zone one mile farther west
on the bank of Whitewater River.

The deformed gravels of Whitewater River butt against
crystalline rocks along the Mission Creek fault in the eastern part of
the rnai:) area, The fault dips 62° north at the easternmost exposure
- 0.7 mile nértheast of Kitchen Ranch. The prominent scarp along the
fault north and We.st"of Kitchen Ranch probably is in large part a fault-
line scarp, inasmuch as a surface of low relief that/truncates the
crystalline rocks north of the fault seemingly is correlative with the
dissected Cabezon surface at nearly the same altitude on the south.

Furthermore, unbroken Cabezon fanglomerate seems to cover the
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‘fault trace on the large hill west of the mouth of Mission Creek, and
remnants of undeformed Cabezon fanglomerate are preserved on the lip
of the scarp 0.8 mile northeast of Kitchen Ranch.

Southeast of Kitchen Ranch, beyond the area mapped in this
study, the Mission Creek fault curves gradually southward and is marked
by Recent scarps from Desert Hot Springs to its junction with the Banning
fault in the Indio Hills near Biskra Palms (Dibblee, 1954)(fig. 1), This
region has been the center of considerable seismic activity, and the
records of a 1948 earthquake of magnitude 6.6-6. 7, centered southeast
of Desert Hot Springs (Richter, 1949), still are under study. The main
shock, together with most of the numerous aftershocks, occurred north
of the surface trace of the Mission Creek fault. Their distribution
suggests that the north dip characteristic of the fault plane in the San
Bernardino Mountains continues to the southeast.

Displacement--Lines of evidence bearing on the displacement

of the Mission Creek fault are:

(1) The covering bf unbroken Cabezon(?) fanglomerate at
Raywood Flat indicates the absence of Recent movement here.
Alluvial séarps near Desert Hot Springs (fig. 1), however, tcstify
to increased Recent activity toward the east.

(2) The natﬁre and distribution of cryétalline rock types on
opposite sides of the fault seem to preclude posi-Jurassic movements
amounting to hundreds of miles, but are compatible with displacements

of a few tens of miles {p. 100).
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(3) The zone of crushed rock along this fault is fully as
impressive as any in the San Gorgonio Pass area. This is com-
patible with large displacement, but does not demand it.

(4) Deformed gravels of Whitewater River that are faulted
against crystalline racks near the mouth of Mission Creek indicate
relative upward movement of the north block in uaternary tirme.
(5) The relatively shallow dip of the fault zone in the
W, /

Raywood Flat area is not suggestive of contemporary strike-slip
movement (Anderson, 1951, p. 15), nor is the abutment of this fault
into the San Andreas fault. Earlier movements, on the other hand,
may have been of different direction. It is possible that this east-
west segment of the Mission Creek fault is reiated to the northwest{-
trending segment farther southeast in the same way that the San
Andreas fault is related to the Banning fault. The geometry of this
relation is discussed farther on, in connection with the mechanics

of the Banning-San Andreas fault system.

"Age--Basalt flows are interlayered with the upper Miocene(?)

Coachella fanglomerate near the Mission Creek fault. These flows
increase in number and thickness toward the fault, and the basalt evi-
dently was extruded along the fault zone. Crushed basalt dikes are
present within the fault ione near Whitewater River. Thus the Mission
Creek fault must have existed as a throughgoing break in late Miocene(?)

time.
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PINTO MOUNTAIN(?) FAULT

Nomenclature and previous work--Along the north side of

the Little San Bernardino and Pinto Mountains (fig. 1), east of the area
mapped in th\is study, is a prominent cast-west lineament that probably
marks a major fault. This break first was recognized by R. T. Hill
(1928, p. 146), who named it the Pinto Mountain fault and suggested that
it extends eastward as far as New Mexico. Although this suggestion
certainly is untenable, Hill's identification of the fault in the Pinto
Mountain area seems valid. Later investigators have termed this same
fault the Pinto fault (Miller, 1938, p. 419), the Warrens Well fault

(Hill and Dibblee, 1953, p, 453), and the Base Line fault (California
Dept. Public Works, Watef Resources Div., 1953; Hewett, 1954), but

R. T. Hill's original name of Pinto Mountain fault is used herein.

Features of the fault trace--As followed westward from its

~ presumed type locality in the Twentynine Palms area (figs. 1, 14), the
Pinto Mountain fault veers southward and probably enters Morongo
Valley at the summit of the highway grade between Morongo and Yucca
Valleirs. Liack of geologic mapping in this critical area raises some
question as to use of the name farther west, but field reconnaissance
and study of air bhotographs strongly suggest continuity of this fault
along the northwest side of Morongo Valley into Big Morongo Canyon
(fig.‘ 14). Most previous maps represent the fault as turning more
abruptly southward and following the southeast side of Morongo Valley

to join the Mission Creek faulf at a high angle near Kitchen Ranch.
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Near the mouth of Big Morongo Canvyon, the Pinlo Mountain( ?)
fault is marked by prominent scarps and springs, and ground-water is
dammed by the fault where the canyon turns abruptly north 2 miles from
its mou}h, Within the area of plate 1, the fault is marked primarily by‘
aligned siream courses caused by erosion in the crushed rocks along
the fault trace. In addition, the greenish crushed rocks themselves are
exposed near the pbints where the fault is crossed by Mission Creek and
the North Fork of Whitewater River. The .fault zone shows slight
copper mineralization at scattered localities.

Near the junction of the North and South forks of Whitewater
River, the Finto Mountain(?) fault merges with the Mission Creek fault
at a low angle. The much greatér thickness of crushed rock along the
Mission Creek fault, both east and west of the junction, might indicate
that the Pinto Mountain(?) fault is a branch of the Mission Creek fault,

rather than vice versa. Nowhere is the attitude of the Pinto Mountain(?)

fault plane discernible, although the relatively straight course across
rugged topography suggests a steep dip.

Displacement--Several pertinent but inconclusive lines of

evidence conﬁerning displacement on the Pinto Mountain(?) fault are:
(1) Within the map area, Recent movements have been
minor; ground-water‘is not affected by the fault ’in either Mission Creek
or Whitewater River. Immediately east of the map area, however,
where the fault veers gradually northward (fig. 14), Recent scarps

testify to relative upward movement of the south block.
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(2) The crystalline rocks north of the Pinte Mountain(?)
fault are chiefly plutonic types, in contrast to the predominantly
metamorphic rocks to the south. This is particularly true east of
the map area, and suggests over-all upward movement of the north

/block. The rocks are of the same migmatitic type, however, which
may preclude displacements of hundreds of miles (p. 100).

(3) Aldng the north side of the Little San Bernardino
Mountains, the backworn scarp suggests relative’ uplift of the south
block. In general, Recent scarps are absent here,

(4) There is no direct evidence of lateral displacement along
the. fault. Lateral slip, on the other hand, is made plausible by the
evidence of varying vertical component of movement, together with
the exceptionally smooth trend of the fault trace.

Tectonic significance--Too little is yet known about the dis-

.placements on the Pinto Mountain(?) and associated faults to permit
speculation about the mechanics of the fracture system. It is noteworthy
that the fault pattern has a remarkable resemblance to the Garlock-
San Aﬁ_dreas system, as has been pointed out by Hill and Dibblee (1953,
p. 453), and conclusions concerning that better-known system may prove
’ applicable to the Pinto Mountai.n-Mis‘sion Creek-San Andreas fault
system as well. DBoth s'ystems are associated with major changes in
trend of the San Andreas fault.

Of particular regional tectonic significance is the tact that

the eastern part of the Pinto Mountain fault marks the southward
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tern‘iinavtian of the northwest-trending faults of the Mojave Deéert

(fig. 1). As was intimated by R. T. Hill (1928), this east-west
lineament, together with at least two similar fault lines south of it,
may represent a continuation of Transverse Range struciure eastward
from the San Gabriel and San Bernardino ranges.  This zone now
appears to be undergoing breaking-up by northwest-trending faults

of the San Andreasv system, and the entfire east-west zone possibly has

been offset somewhat by movements on these younger faults (fig. 1).

MILL CREEK FAULT

Nomenclature and previous work--The name Mill Creek

fault is applied herein to the prominent fault that determines the courses
of Mill Creek and the east-west segment of the North Fork of White-
water River (pl. 1; figs. 13, 14). The name originally was used by

R. T. Hill (1928, pp. 162-163), who applied it to the break that previously
had been described by Vaughan (1922, pp. 401-403) as the Mission Creek
fault. - The present study indicafes that both inv‘estigators Weré mistaken
in their cohception of a single fracture linking Mill Creek with the

mouth of Mission VCreek.

Features of the fault trace--Near the mouth of Waterman

Canyon north of San Bernardino, the Mill Creek fault diverges from the
San Andreas fault at a low angle, and its trace is marked by Recent
scarps as far east as City Creek Q‘figs. 1, 13). A reconnaissance map
of this area is shown by Eckis (1934, pl. C). Physiographic features

testify to continuity of the fault to Mill Creek, where it forms the
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“northern boundary of the Potato sandstone fault block. For 10 miles
farther east the straight, incised valley of Mill Creek is determined
- by the fault, and rapid erosion of the main canyon has left the valleys
of Falls, Vivian, and High Creeks hanging 1000 feet above the floor of
the main canyon. A cross-section of the fault zone is well exposed at
the head of Mill Creek, 3 miles east of Fallsvale, where the zone of
greenish and purplish crushed rock is several hundred feet thick and
dips 60° south.

Rapidly progressing excavation by the headwaters of Mill
Creek and a tributary of Whitewater River has carved giant "amphi-
theéters“ into the relatively flat and gravel-covered area north of
Raywood Flat. These spectacular features locally have been termed
"jump-offs' because of the great topographic contrast at thei’r lips
(figs. 11, 12, 14).

The east-west éegment oi the canyon of the North Fork ot
Whitewater River is analogous to the valley of Mill Creek; rapid erosion
of the main canyon has caused development of spectacular falls where
it is jéined by Hell-for-sure Creek and the headwaters of the North Fork
itself. Duriﬁg normal stream flow, practically all the water contributory
to the North Fork comes over the falls from the high country to the
north; during floods, most of the water must come down the normally
much drier canyon from Whitewater Jump-off (pl. 1). Whitewater River
evidently derives its name from the milky appearance of streams

excavating the pulverized rocks of the Jump-off area and the South Fork,
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Figure 12. Vertical aerial photograph of
Whitewater Jump-off. North is toward the

top of the page.

Figure 13. View looking southeast along
the San Andreas and Mill Creek faults
from over San -Berna’rdino. Waterman
Canyon wash is in the foreground. Phnto

by Fairchild Aerial Surveys.
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IMear the juaction of Hell-for-sure Canyon and the North
Fork of Whitewater River, the Mill Creek fault appears to fray-out
and end. It is possible, though not likely, that the fault extends east-
ward to the Pinto fault and has been offset by it. If so, this easternmost
segment of the Mill Creek tauit is not characterized by the thick zone of
greenish crushed rock typical of exposures father west.

Displacement--Lines of evidence bearing on the displace-

ment of the Mill Creek fault are:

(1) Well-developed slickensides on two fault planes within
the zone of crushed rock at Mill Creek Jump-off indicate pure strike-
slip movement on one plane and pure dip-slip movement on the
other. The time relations of the two displacements are not deter -
minable.

(2) Cabezon(?) fanglomerate at Whitewater Jump-off is
displaced by a fault that dips 75° north and has a throw of about 15
feet. TFither normal or strike-slip faulting is responsihle. It is
not known whether the dip of this particular plane is indicative of
the attitude of the fault zone as a whole.

(3) The consistently greater height of the San Bernardino
Mountains north of the Mill Creek fault suggests over-all relative
uplift of the north block. Similar evidence is afforded by the north-
ward termination of the Potato sandstone against the fault 5 miles
west of the map area.

(4) If this fault truly dies out to the east, strike-slip
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Figure 14. View looking east from near
the top of San Gorgonio Mountain. Mill

Creek Jump-off and the trace of the Mill
Creck fault are shown at the lower right.

Photo by Fairchild Aerial Surveys.






movement must not have exceeded a very few miles.
(5) Comparison of crystalline rock iypes on opposite sides
of the fault seems to preclude displacement of hundreds of miles, but

would permit displacements of a few tens of miles (p. 100).

OTHER FAULTS

Cox Ranch fault--The Cox Ranch fault, mamed for ths Cotton-

wood Canvon Ranch of Jim Cox, extends for at least 5 rniles between
Kitching Peak and Whitewater Hill (pl. 1). It is evidenced by the align-
ment of numerous cols and by a marked discontinuity in the otherwise
uniform foliation of the metamorphic rocks. The amount of movement
on the fault is unknown, but the presence of identical rock types on
opposite sides of the break suggests that the displacement has not been
large. Evidence of Recent movement is lacking. The fault may continue
weatward from the col just south of Kitching Peak, but its trace there is
not known; eastward it appears to butt into the Banning fault north of
Whitewater Hill.

Gandy Ranch fault--The Gandy Ranch fault extends northwest

from the mouth of Millard Canyon for at least 8 miles, and very nearly
bisects the angle between the Banning and San Andreas faults (pl. 1). The
type area is here designated as the Gandy Ranch between Hathaway and
San Gorgonio Canyons, where the fault is well marked by longitudinal
valleys resulting from erosion in the zone of crushed rock. Heights
fanglomerate on the nearby ridges has not been displaced by the fault,

and it appears that the springs on the trace of the fault in San Gorgonio



Canyon arz caused by constriction of the caayon, rather than by Recent
fault movement. Fawrther east, however, prominent alluvial scarps and
groiund-water damming testify to Recent displacement on the Gandy Ranch
fault.

Drag in beds of Heighis fanglomerate hetween Hathaway and
Potrero Canyons indicates relative upward displacemnent on the south
block, whereas the scarps in both Potrero and Millard Canyons indicate
most recent uplift of the north side. Abscncc of a very wide crushed
zone, and the presence of similar rock types north and south of the fault,
suggest that total displacement has not been large. East of Millard
Canyon, the Gandy Ranch fault appears to merge with the Banning fault;
its westerly extent heyond the map area is not known, but study of air
photographs reveals no obvious trace of the fault in this direction.

Whitewater fault--A relatively minor but continuous fault

separates crystalline rocks, Coachella fanglomerate, and Quaternary
gravels along the east wall of lower Whitewater Canyon (pl. 4). This
break, herein termed the Whitewater fault, butts into the Banning fault
at a high angle on the south; 2-1/2 miles north of this point the fault inter-
sects the canyon floor, and still farther north it is concealed by Recent
stream gravels. Aligned basalt exposures on both sides of the canyon at
Red Dome suggest that, if the fault continues this far north, the displace-
ment is small.

The east side of the Whitewater fault has been raised relative

to the west side. It is generally a reverse fault, although the dip of the
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fault plane shallows nerthward so that locally it becomes a thrust. Just
north of the Banning fault, the rock bench underlying the deformed gravels
-of Whitewater River(?) has been offset 150 feet by the Whitewater fault,
and there is no evidence that the displacement increases farther north.
Several branch faulis, one a shallow thrust dipping west and truncated by
Cabezon fanglomerate, complicate the structural relationships midway
between Whitewater.and the trout farm. Still farther north, the fault
breaks old fanglomerates but is overlain by unbroken younger gravels;
the lowermost unfaulted horizon is arbitrarily designated as the contact
between the Cabezon fanglomerate and the deformed gravels of White-
water River.

A major north-south fault underlying the gravels of White~-
water Canyon was pbstulated by Vaughan (1922, p. 403), preéumabiy for
the purpose of explaining the straightness of the canyon. For the same
reason, Vaughan also postulated a fault in Stubby Canyon linking the
Mission Creek and ""San Andreas' (Banning) faults. It now appears, how-
ever, that the uniform and well-developed foliation in the metamorphic
rocks, -rather than faulting, has determined the courses of Stubby,

Cottonwood, and Whitcwater Canyons.

FOLDING

Pliocene sedimentary rocks on the floor of San Gorgonio
Pass show intense folding, whereas the early Quaternary rocks are only
gently folded, and the youngest dissected Quaternary fanglomerates are

virtually undeformed. Near the Banning fault, fold axes trend east and



reflect north-south compression. The most intense folds are in the
areas of low-angle thrusting, and these folds probably are large-scale
drag features resulting directly from vertical movements on the Banning
fault. There is no evidence that thrusting has developed as an end stage
of folding.

The anomalous radial drainage pattern of Beacon Hill,
together with the quagquaversal dips of both the underlying fanglomerare
and the semi-conformable capping of weathered material, indicates that
folding probably is taking place here at the present time. Similar but
less obvious deformation undoubtedly is progressing at many other places
in the area, but exposures are too few to perinit generalizations concera-

ing the stress pattern.

MECHANICS OF THE BANNING-SAN ANDREAS FAULT SYSTEM

It has been established that right-hand strike-slip displace-
ment has taken place on faults both northwest and southeast of San
Gorgonio Pass, not only on the basis of geodetic observations (Meade,
1048; Whitten, 1948), but aleso from study of the earthquake displacements
of 1857 .in Tejon Pass (Lawson, et al., 1908; Wood, 1954) and 1940 in
Imperial Valley (Buwalda and Richter, 1941). It seems likely that some
component of this strike-slip strain continues into San Gorgonio Pass
along the San Andreas fault from the northwest and along the Banning
fault from the southeast. What, then, is the structural significance of
an east-west thrust fault within San Gorgonio Pass itself ?

A possible answer to the seemingly anomalous fault pattern
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of the pass iz found in the structural analysis zlucidated by Anderson
(1951, pp. 7-21). Utilizing Mohr's theory of failure, Anderson relates

normal, thrust, and "wrench" (strik=-slip) faults to the three possible

n

crientations of the maximum aad minimum principal stresses, assuming
one of the principal siresses to he vertical. An important assumpiion of
Mohr's theory is that the intermediate principal stress has no effect upon
the condition of yielding, and, although this has been shown to he invalid
in sorme cases, Mohr's theory probably is the best available for applica-
tion to the brittle crustal rocks of the earth (Nadai, 1950, pp. 224, 230).
Of particular interest is the situation in which the intermediate

and maximum principal stresses are anearly equal. If, for example, the
intermediate stress should locally exceed the maximum stress, and

hence should become the new maximum stress itself, a completely differ-

ent type of faulting would result despite the fact that the over-all siress

system had changed but slightly. Anderson (1951, p. 20) uses this type

of analysis to demonstrate the possible closz relationship of thrnst and
strike-slip faulting, and the fault pattern of San Gorgonio Pass may well
be an example of such a situation. Assuming the maximum principal
stress to be in a generally north-south direction, with the minimum
stress oriented east-west, strike-slip faulting of the San Andreas type
would result when the stress differential became sufficiently large

(fig. 15). If, now, the east-west least stress were very close in magni-
tude to the vertical stress, a slight local increase in the cast-west

compression could cause a sudden change in this area from northwest-
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trending strike-slip faulting to thrusting along east-west faults. Dehlinger
(1952, p. 172) postulates such a situation in San Gorgonio Pass from
‘seismic evidence alone.

The ahove argument assumes perfect homogeneity., but it may
be that recently established lines of faulting in San Gorgonio Pass are
controlled as much by previously existing zones of weakaness as hy varia-
tions in the regional stress pattern. It seems likely that northwest-
trending faults are relatively recent features transecting a zone of much
older east-west structures, and that within the pass the recent movement
has been 'deflected" along the older east-west Banning fault, The
limiting of Recent activity to the eastern portién of the Banning fault
tends to support this hypothesis. Furthermore, an old, deep-seated,
east-west shear zone, well defined by cataclastic metamorphism of the
crystalline camplex, is known to exist in the foothills of the north side
of the pass, and this sheared rock is far weaker than the rocks of the
main mountain masses on the two sides of the pass. This line of reason-
ing dogs not in any way supplant the approach using Mohr's theory; in
fact, it provides a reasonable mechanism for the proposed local stress
variation in the pass area. It was noted that a slight increase in east-
west compression might lead to thrust faulting; the same effect would

be produced by a decrease of strength in the east-west direction, and

this zone of weakness is exactly what is observed in the field.
In summary, recent movements on both the Banning and San

Andreas faults probably are caused by an over-all stress system
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involving a general north-south maximum stress and with the east-west
leasi principal stress only slightly less than the vertical stress. In the
vicinity of the pass, an older east-west line of weakness causes the
east-west stress 2ffectively to Decome the intermediate stress, and
easl-west thrusi faulting predominaies over strike-slip faulting in this
one local area. Elsewhere along the San Andreas fault, whewve it cuts
across all previous structures, the east-west principal stress cither is
much less than the vertical stress, or the structures in the old adjoin-
ing rocks are of insufficient continuity or weakness lo modify the

regional stress pattern.

THE PROBLEM OF LARGE LATERAL DISPLACEMENT

Hill and Dibblee (1953) recently have suggested that right
lateral displacement along the San Andreas fault zone perhaps has totaled
65 miles since upper Miocene time, 225 miles since Eocene time, and
350+ miles since Jurassic time. Are such large lateral displacements
compatible with structural relations within San Gorgonio Pass ?

In connection with the problem of displacement on the San
Andreaé fault (p. 100), it has been noted that post-Jurassic displacements
of hundreds of miles on any of the faults north of the Banning fault seem
to be precluded by the nature and distribution of crystalline rock types
on opposite sides of these faults. This evidence, however, does not
rule out the possibility of lateral displacements amounting to several

tens of miles.
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Even lateral mosements of a few tens of miles are difficult
to reconcile with the complex surface geometry of faults within the pass
area (pl. 1): the San Andreas fault appears to butt into the Banning fault
and die out; the Mission Creek fault does not form a smooth curve with
tne San Andrzas fault: and the Mill Creek fault probably dies out east-
ward, On the other hand, increasing evidence of + 30 miles of late
Tertiary lateral displacement along the San Andreas fault 50 miles north-
west of San Gorgonio Pass (Noble, 1954) demands an explanation of how
this strain has been transmitted farther southeast. Three possible views
are:

(1) Much of the lateral strain along the San Andreas fault

has been relieved by fraying-out into major branches, at least four

of which diverge northward from the fault between Cajon Pass and

San Gorgonio Pass. Southward, the San Jacinto fault (fig. 1) may have
absorbed much of the regional strain; it is straighter, more continuous,
and shows greater seismic activity than any faults of the San Gorgonio
Pass area. Indeed, the general fraying-out of the San Andreas fault
system in Southern California may be a good reason in itself for
believing that the lateral strain thereby has been, and is being,
dissipated.

(2) During pe.riods of pre-Quaternary displacement in the

pass area, the surface geometry of faults probably was different from
that existing at the present time, so that, for instance, the Mission

Creek fault then may have been aligned with the San Andreas fault to
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absorb inore easily the lateral strain,

(3) Lateral strain has been relieved to some degree by
thrusting on east-west faults in the pass area, as has been discussed
in connaciion with the mechanics of the Daaaning-San Andreas fault
system.

The Banning fault is different from other faults in the pass
ared, in that it is a throughgoing fracture that separates very differeat
crystalline rock types. Although Recent movements on this fault have
been small, and post-San Timoteo(?) lateral displacement probably has
been no greater than 5 miles, pre-Pliocene displacements may have
been large. However, no evidence in this area demands large pre-
Pliocene displacement.

In view of the increasing evidence of complexity of strike-
slip faulting in southeastern California, the writer feels that the entire
zonc between the Elsinore fault and the eastern eside of the Salton
depression should be termed the San Andreas fault zone. We have, as
vet, no evidence that any one particular fault within this 50 mile-wide

zone truly deserves the parent name.

ORIGIN OF SAN GORGONIO PASS

There can be litile doubt that faulting is the ultimate cause
of the feature known as San Gorgonio Pass, But fundamental questions
remain: to what degree is the present configuration of the pass caused
by erosion in the fault zone rather than by actual fault movement, and

why should such a deep gash occur between two of the highest mountains
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in Southern Califorania?

The Banning fault is the logical northern boundary of the
pass. Not only is its esast-west trend parallel to the pass (fig. 3), but
large post-Pliocene vertical movements on this fault can be deduced on
the baszis of independent stratigraphic evidence, Recent movements o
the San Andreas fault have widened the pass at its western end, but the
northwest trend of this fault eliminates it as a major break responsible
for the pass itself, as has been pointed out previously by R, T, Hill
(1928, p. 160) and Russell (1932, pp. 66-69). The slopes of San Jacinto
Peak form the south wall of the pass (fig. 2), but, except for this pre-
cipitous scarp itself, there is no surficial evideace of Recent faulting
south of the Banning fault. Furthermore, at the western extremity of
the pass southeast of Beaumont, it can be demonstrated that no major
east-west faults cut Pliocene-Pleistocene beds in the area south of the
Banning fault. These beds are here depositional on the San Jacinto
crvstalline rocks (Fraser, 1931, p. 513}, One might argue. therefore,
that the pass is caused primarily by erosion in a wide zone of crushed
rock, and is not the direct result of movements along bounding faults,

It is difficult, on the other hand, to explain the presence of
fine-grained Pliocéne marine beds in the very deepest and most rugged
part of the pass if a predominantly erosional origin is postulated. These
beds were deposited at sea level under conditions of somewhat lower
topographic relief than exists today, and therefore they must be preserved

in a relatively depressed fault block. Even should one postulate large
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vl‘ate‘ral di;apla;.x:e:zz eant on the Banning fault in pest-Imperial time, this pro-
vides no more satisfactory solution of their present position. The present
maximum elevation of 2500 feet of these marine beds reflects post-lower
Pliocene uplift, perhaps by gentle arching along a north-south axis
through the mountain peaks in a manner suggested by Sharp (1954). But
s1ill greater uplift along the bounding faults must have taken place in the
adjacent crystalline focks&

There seems to be no escape from the fact that another major
break parallel to the Banning fault must underlie the alluvium at the
base of the San Jacinto scarp near Cabazon, The northernmost spurs of
San Jacinto Peak extend to within 2 miles of the Banning fault in this
area, so that the down-faulted block between the two breaks is remark-
ably narrow in terms of its length. This hypothetical southern fault must
die out westward, because no such break is present southeast of Beau-
mont, Inasmuch as the relief of the San Jacinto scarp gradually changes
from 8500 to less than 300 feet in this same 20-mile interval, such a
hinge-type displacement on the fault is reasonable.

The many dissected benches and terraces on both sides of
San Gorgonio ?ass testify to the removal of great amounts of material
in Recent time, and ﬁpwarping of the pass area probably has caused
removal of material fro:ﬁ the floor of the pass itself, All of the foothills
and remnants of fanglomerate certainly are not outlined by Recent faults,
and the B_anning fault-line scarp west of Millard Canvon owes its

present relief to erosion. Nevertheless, considering the marine beds
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and other {ine-grained deposits south of the Banning fault, it is difficult

to see how erosion could be the primary cause of the present physiography
of the pass., San Gorgonio Pass appears to be of composite origin, with
faulting on the north and south predominant in its physiographic develop-
ment,

The Banning fault is a reverse fault, and it thereforz is likely
that its hypothetical .analogue acrass the pass to the south also is a
reverse fault, Thus San Gorgonio Pass probably ie a graben bounded
by reverse faults, somewhat analogous to Willis's "wamp valley" (1528,
p. 493) except that it is not clear whether the faults flatten with depth as
visualized by Willis, Although this type of structure ordinarily has
been considered nnusnal ar "questionable" {Rillings, 1942, p. 201),
other Southern California examples of valleys bordered by reverse or
thrust faults are known in the western Ventura bhasin (Reed and Hollister,
1936, pp. 101-104). Russell (1932, pp. 68-69) also tentatively postulated
that San Gorgonio Pass is a dropped block bordered by thrust or reverse
faults, although it is interesting that the one fault exposure at the mouth
of Stubby Canyon from which Russell drew this conclusion is herein
interpreted as a normal fault,

That such a deep gash as San Gorgonio Pass should separate
two of the highest mountain peaks of Southern Californiais remarkable.
But rather than visualizing the pass as a down-faulted block transecting
a formerly continuous high mountain range, it is more reasonable that

the mountains have reached their present heights because of faulting in
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the pass, as is indicated by the presence of fine-grained :narine beds
within the pass and by structural and stratigraphic evidence along the
Banning fault. The mechanics of the Banning-San Andreas fault system
suggest that reverse and thrust faulting in the pass arca are caused by
local "defiection of San Andreas-type sirain along an older easi-west
line of weakness., Thus, local conversion of strike-slip strain into
vertical displacements on the bounding faults of San Gorgonio Pass is a
reasonable explanation of both the pass itself and the unusually high peaks

adjacent to it.
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