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Frontispiece.

A typical recent fault scerp and sag pond
along the San Andreas rift. View locking
southeast from a point 4 miles southeast
of Blizebeth lLakes. The snow capped San
Sebriel mountains are in the distance.
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A Portion of the San Andreas Rift
in Southern California
by
Robert Es Wallace

ABSTRACT

A portion of the San Andress vrift along the south side of
the Mohave Desert between Palmdale and Flizebeth Lake has been
mapped and described in this papers The details of geology and
geomorphology heve been analyzed and their significance in regard
to the interpretation of the genesis of the rift has been dis-
cussed.

The area includes four prinecipal geomorphic and geclogic
divisions; a portion of the lichave Desert, two parallel ridge
zones and an inbtervening trough which marks the rifit. The twe
ridge zones are prinecipally old corystalline rocks whereas the
trough zone is underlain principally by a long narrow strip of
Tertiary sediments. These sediments outorop in a low "centere
trough" ridge and most are part of the Anaverde formation whieh,
on the basis of paleobotanical evidence, is believed to be of
Pliocene age. Other Tertiary formations are the Vasqguez voleanics,
presumably Oligocene, the Pleistocene Harold beds, and an arkose of
undetermined age possibly clder than the named Tertiary formations
of the area. The presence of this long, narrow strip of sediments
between two erystalline messes was & problem for which no con-

clusive evidence was found.



Two structural trends are prominent in the area. The older
rocks of the ridge zones are distributed in more or less bands
striking east or slightly north of easte This trend is cut by the
rift whieh in this ares has a strike of approximately Ne. 85° W,
There is o suggestion that the east-trending structures are older
than the rift and related to a different period of diastrophism.

Terrace deposits and offset sitreams suggest a horizontal
displacement along the rift of the order of 5 - 6 miles since
Pleistocene time. The north side of the rift moved southeast with
regpect to the south sides A block of Pelonz schist north of the
rift has an aprarent horizontel displacement of © miles in the
epposite direction to that indiceted by recent faulting and stream
offsetse This relationship is believed to be only apperent and
possibly the result of vertical displacements and stripping.

Terraces on the ridge blocks and in the rift zone indicate
a great amount of "juggling™ of the blocks in and adjacent to the
rifts. Considerable vertical displacement along the rift is also
indicateds The dresinage aléng the rift and in the surrounding
arsas has f{requently been interrupted, reversed, and otherwise
changed by the repeated tectonic activity along the rift., Wind
gaps, stream capbures and unadjusted streams sre features which

have resulteds



INTRODUCTION

Purpose and nature of study

In a general sense the purpose of the pesent study was to
add 2 small unit to the stoek of informaetion that must be obtained
before a final understanding of the nature of the San Andreas rift
can be realized. Such a study naturally ineludes an investigation
and analysis of both geologic snd geomorphic features. Specifie
geologic features which challenged investigation included the
presence of e tectonie block which apparently had been shifted
horizontally in a direction opposite to that found to be the
normal case along other parts of the rift. The long narrow strip
of sediments which follows the rift also offered possibilities of
gsupplying significent datse relating to the structure of the rift
ZONGs

One important consideration was the fact that the area chosem
continued westward from & strip between Palmdale and Cajon Pass
that has been, and is being mapped, by Le F. Noble, and that the
continuity thus offered would be of mutual adventage in the inter=
pretation of both arease The awvailability of excellent topographie
maps and aerial photographs that could be used as base maps made
the area ideal from that standpoints. The ares was elso easily
accessible by pgood roads.

Location and size gg_area

The portion of the San Andreas rift mapped in sonnection with
the present investigation lies approximately 35 miles north of the

business district of the city of Los Angeles. The area lies along



the north flank of the Sierra Pelona Mountainsg and extends from the
Southern Pacific reilway tracks a few miles south of Palmdale west
to epproximately & mile west of BElizabeth Lakes It includes

Portal Ridge, Ritter Ridge, and the adjacent portions of that part
of the Mohave Desert known es Antelope Valley. JApproximaetely 117
square miles are included in the map on plate I which represents a
strip approximately five and a helf miles wide and twenty miles long.

Field work

Field work was carried on during the two academic years
1940~41 and 1941-42, Mapping wes done on a secale of one inch to a
thousand feet both on photographic enlargements of the U. 8. Geo-
logieal Survey topographic maps of Los Angeles county and on aserial
photographs obtained from the Agricultural Adjustment Administration
of the Us Se Department of Agricultures. The geology was somewhat
simplified and drafted in the office onto the original Geological
Survey maps which are on a scale of one to twenty-four thousand.
The aerisl photographs used were on & scale of approximately one
inch to e thousand feet and were takem by Fairchild Aerial Surveys,
Incs After the declaration of a national emergency in 1941 when
aerial photographs could no longer be obtained from the Government
bureau, additional photographs were obtained directly from the
Fairchild company, but were contaet prints on a secale of approxie
mately one ineh to two thousand feet instead of the enlargements
of twice that sise obtained from the Agriecultural Adjustment

Administration.



Plate 2.

Aerial view of the San Andreas rift looking
northwest from above Palmdale reserveir.

The four geologic and geomorphic divisions
are clearly shown. On the left is Sierra
Pelona Ridge; near the center of the picture,
the trough and Portal Ridges; on the right,
the Mohave Desert. The low, center-trough
ridge can also be seen as well as stream
divergence by the rift. Photograph by
Pairchild Aerial Surveys, Ince






REORDER Mo O - 2327

IDENTIFICATION
Son Booveas Todlt
Palmdale . Caly.

DATE FLOWN — 22-2¢-32

ISPECTED BY

FAIRCHILD AERIAL SURVTYS. Inc.

224 1. 1'th St

LOS AMGELF 3, O ALIF,
B A of | 3 ¥
b : ; »
‘ % LLh “ i s
|




PLATE

19° 18°

Rosmonr)

AREA INCLUDED IN PLATE 1

) /
: \ ; %
| : ; -

: s
/_C]\‘dr/./ \.fg‘-\_’:;/

x

SAN FERNANDO ‘g,

PASADENA |

| y P IR L
4 f,__;_a-»;/"'"*'_/

\\\/SL*NTA MONICA 1,05 ANGELES
GG i

RIVERSIDF, ol

<
S
%

G LONG BEACH
O(,
@V/p aff sANTA ANA

\ |

1o 118°

134

10 o 10 MILES
EEH R R

INDEX MAP OF LOS ANGELES AREA




Acknowledgegments

The writer wishes to express his gratitude te Professor
Jeo P. Buwalda of the California Institute of Technolegy not only
for suggesting this investigation of the San Andreas rift, but
for his guidance and helpful criticiem during the progress of the
works Le Fo Noble of the Federal Geologieal Survey kindly spent
severel days in the field with the author and offered meny suge
gestions and ideas gleaned from the many years that he spent
studying the rift. His help and inspiration ere greatly appreci-
atede Dr. De I. Axelrod studied the plant fossils found in the
tnaverde beds and gave the writer a most helpful report on their
significance. The kodachrome transparency from which the
frontispisce was made was taken by We Me Tovell of the California
Institute of Technology and kindly leaned to the writer to have
enlargements made, Finally, the writer wishes to express his
indebtedness to the staff of the Division of the Geologiecal
Seiences of the Californis Institute of Technology for making
available the equipment and facilities of the department during
this study.

Climate, vegetation and culture

The climate of the area is arid, the annual rainfall being
approximately 10 inches. Some of the preeipitation in the
higher parts of Sierra Pelons Ridge is in the form of snow.
HMost of the precipitation is during December, January eand February.

During the summer midday temperatures are ususlly 100° Fe or more,

but night temperatures are often as low as 60° F. Temperatures



during Jenvery and February eommonly reach a minimum of 10° F,
The vegetation consists principally of grasses and low

shrubs in the fault trough and on the Mohave Desert. Several

varieties of sage are present including the common Artemisia

tridentata end Artemisia frigidas In some sections of these low

areas which are better watered Joshua trees, Yucca brevifola, growe

The common, low variety of yucea, nggg_g}gfg? is also abundant

as are several varieties of cactus, Poplars and willows grow along
the edges of sag ponds and creeks, and in protected velleys several
varieties of live oak are present., Juniper grows on the hill
slopes and in some localities grows to 15 or more feet highe In
places these junipers form such a thick undergrowth thet passage
through them is almost impossible. A few isolated pines grow

on the north slopes of Sierra Pelona Ridge near the crest. The
town of Palmdale is prinecipally a shipping center for the produce
of the southern part of Antelope Valley, a part of the Hohave
Desertes Livestock is raised on the ranches situated in the trough,
and hay is the chief crop., A few orchards grow in the protected
valleys which receive water from Sierra Pelona ridge. In the
lMoheve Desert on the alluvial slopes of Portal Ridge hay and
various grains are grown, Water is pumped from wells which tap
svbsurface drainege through the alluviume Considerable irrigation
is necessary in this area.

Development gz’theories regarding the San Andreas rift

Apperently the first published account in scientific litera=

ture which recognized the presence of an important structural



break along the line of the Sen Andreas rift was a paper by
74
Ae Co Loawson  entitled “The Post-Pliocene Diastrophism of the

-

1/ Lawson, Ay Ce, The Post=Pliccene Diastrophism of the Coast
of Southern California; Unive Califs Bulle Dept. Geol., vol. 1,
noe 4, p. 151, 1893,

Coest of Southern California®s 1In this paper, published in 1893,
Lawson stated:

“The line of demarcation between the Plioccene and the
Hesozoic rocks, which extends from Mussel Roek southeastward, is
in part, also, the trace of a post-Pliocene fault. The great
slide on the north eide of Mussel Rock is near the land terminus of
this fault zone, where it inbersects the shore line. IMovement on
this fault zone is still in progress. A series of depressions or
sinks, ocoupied by ponds, marks its course. Nodern fault scarps in
the Pliocens terrane are features of the country traversed by it."

In the United States Goological Survey annual report for 1896e

2
1897, Je De Schuyler indicated that the "great earthquake crack"

2/ Schuyler, J. De, Raservoirs for Irrigation: U. S. Geol. Survey
8th Annuvael Report, part IV, pp. 711=-712, 1896-1897.

was well known over considerable distance as he states:

"This remarkable line of fracture can be traced for nearly
200 miles through Sen Bernardino, Los Angeles, Kern, and San Luis
Obispo counties, and deviates but slightly here and there from a
direct course of about Ne 60° to 65° We There appears to have been
a distinet 'fault" along the line, the portion lying south of the
line having sunken, and that to the north of it being raised in a
welledefined ridge. In meny places aleng the grest crack ponds and
springs make their appearance, and water can be had in wells at
1ittle depth anywhere on the south side of the ridge before men-
tioned."

He further mentioned geomorphic features observed in his study

of the Alpine reservoir (now Palmdale reservoir) as follows:



"This reservoir-~lies directly in the line of what is known
as 'She great earthquake crack! of this region, which is marked
by e series of similar basins behind e distinet ridge that ap-
pears to have been the result of the great seismic disturbence.”

3
Fe Ms Anderson in 1899 described the rift in the region

é/.Anderson, Fe ¥as, The Geology of the Point Reyes Peninsula: Bulls
Dept. Geol,, Univ. Cal,, wvol. 2, no. 5, 1899,

north of San Franecisco in the Point Reyes Peninsule area.

Investigations previous to the earthquake of 1506, were cone-
cerned mostly with the geomorphie features of the rift, and struc-
tural significance was little understoed. Host of the features
observed were attributed to vertical movements along the rift and
since no horizontal shears of such nature had been recognized pre-
viously in the world, it is not surprising that the significance of
the features that indicate horizontal offset were campletely over-
looked.

The attention of geologists was immediately centered on the
rift following the disaster of 1906, and Governor Pardee of Calif-
ornia immediately appointed & committee to investigate the rift
features. The project was financed by the Carnegie Institute of

4
Washingbon, and was headed by Andrew Ce. Lawson. The results of

4/ lawson, Ae Ce and others, The California Earthquake of April 18,
906: Carnegie Inst. of Wash., Pub. no. 87, 1908,

T

this investigation were published in 1908,

During the 1906 earthqueke displacements along the fault dis-



played vividly the horigzontal aspect of the movements As a result

of the studies of the phenomens associated with this movemsnt,
6
B, Fy Reild formulabed and published his elastic-rebound theory of

5/ Reid, Hs Fu, The Elastic-Rebound Theory of Earthquskes: Univ.
of Calif. Pub., Bull. Dept. of Geol., voles 6, pPp. 413-444, 1911,

earthquakes, Interest was also created in all the faults of Calif-
ornie, and in the report of the California Earthquake Commission &
mep showing the distribution of known msjor faults of the Coast
Ranges of Californis was publisheds The San Andreas rift was
traced for a distance of 530 miles from Point Aremna to Vhitewater
Canyon and the geomorphic as well as major structural features were
deseribed in the report of the California EBarthquake Commissions
The general characters of the rift as recognized by the commission
may be briefly indicated by the following quotations from their

6
report .J

6/ Lewson, A. Cs and others, The California Barthguaks of April
8,.1906: Carmegie Tust. of Washington, Vels I, pte 1, pe 2,
1908,

"The plane or zone on which the rupture took place is, so far
as can be determined from a study of the surface phenomensa,
neariy vertical; and upon this vertical plene there occurred a
horizontal displacement of the eartht!s crust or at least 2f its
upper part. The displecement was such as to cause the country to
the southwest of the rift line to be moved northwesterly rela-
tively to the country on the northeast side of that line. The
differential displacement in a horizontal direction was probably
not less than 10 feet for the greater part of the rift; in meny
places it measured over 15 feet, and in one place as much as
21 feets"

0f the geomorphology they summarized as folleows:

"Throughout this entire distance it lies along depressions or



at the base of stesp slopes which are either the direct result

of crustal displacement or of stream erosion, operating with ex-
coptional facility along lines of displacements. There can be no
doubt that the displacements heve been recurrent thru a conside-
eroble part, if not the whole of Pleistecens time, and that in
parts of its extent, at least, the movements have beken place on
faultelines which originated in pre-iiocene time., The later move=
ments on this line heve given rise to minor features which subaerial
and stream serosion heve not yet obliterated, and it is these minor
feetures chiefly which have attracted attention to the Rift by
reason of their striking contrast with more common geomorphic forms
due to erosions These minor fentures are chiefly low scarps and
troughs bounded on one or both sides by low, abrupt ridges in which
frequently lie ponds or swamps of quite small extent.”

Once the magnitude of the San Andreas rift was recognized, it
was frequently called the "master fault" of Californiae. Indeed,
it can be classed as a major world tectonic feature. The complex-
ity eand magnitude of the processes involved in the developument of
the San Andreas rift are such that it is probably true that only
little of the final understanding has been realized after over half
& century of studye.

The next important contribution to the study of the San

7
Andrees rift was that of L. F. Noble in a paper entitled "The San

7/ Noble, Le Fs, The San Andrees Rift end Some Other Active Faults
in the Desert Region of Southeastern California: (Carnegie Inst. of
Weshe, Year Book nos. 25, 1925-26
Also: Bull. of the Seismol., Socs of Amer., vol. 17, p. 31,
1927,

Andreas Rift and Some Other Active Faults in the Desert Region of
Southeastern California”, In this paper Noble suggesied the order
of magnitude of the horizontal displacements in the portion of the
Rift from Cajon Pass to Palmdale along the north side of the San

Gabriel lMountains to be possibly 24 miles since Miocene timee He

10



stated:

"The distribution of certain Tertiary rock masses aleng the
masber fault affords a suggestion that a horigontal shift of many
miles has taken place along the rifts On the north side of the
fault, near Cajon Pass, a small bloeck of strata lithologically
similar to beds in the Martinez formation at Rock Creek is assoc~
iated with Mint Canyon beds. The only other exposure of lartinesz
associated with Mint Canyon beds anywhere in this region lies on
the opposite side of the fault at Rock Creek, twenty-four miles
northwest of the locality in Cajon Passe At both localities the
beds of both formetions are so intricately faulted that a dise
placement of any magnitude is conceivable, and it thus appears
possible that horizontal movements along the fault have dragged
the rocke-masses north of the fault to the southeast in relation
to those south of the fault, or have dragged the masses south of
the fault to the northwest in relation to these north of the
fault."

Noble likewise considered the San Andreas rift to be of cone
siderable antiquity.

"The distribution of the Pre-Tertiary rocks along the rift
indicates that movements took place upon it as far baek as late
Mesozoic or early Tertiary time. The first movements whose date
can be established approximately, however, took place at syme
period betweem late lfiocene and early Quatermary time, because
they involve the upper Niocene Hint Canyon formation but not a
formation that is believed to be either late Pliocene or early
Quaternary or both."

That horizontal displacements of the order of many miles oc-
8
curred elsewhere on associated faults was suggested by Vickery

after studying the Sunol fault of the Livermore region. Vickery

8/ Vickery, Fe Ps, The Structural Dynamics of the Livermere
Region: Jr. of Geol,, voles 33, ppe 6-8=0628, 1925,

found that:

"Measuring between corresponding points, namely, the southerly
intersection of the Briones contact with the fault, the strike
shift is 12 miles. Between two Lower Miocene lecalities character-
ized by the abundance of Pecten propatulus Conrad the measurement
is 13 miles, and between TWe (The only twe) Pliocene rhyolitie
localities, it is 9 miles. Similarly, near Alum Rock Park sandy

11



Briones beds which rest on Temblor opalized shale on the westerly
gide of the Sunol feult correspond to 2 similar series south of
the San Felipe Valleys. The strike shift is agein 12 miles."

Contrasting with this concept of the rift being an old feature
with horizontal displacements of the order of tens of miles is the
9
interpretation of Taliaferro. His conclusions are stated in his

summary as follows:

2/ Taliaferro, Ne Le, Goologic History end Strueture of the Cen=
tral Coast Ranges of Californis: State of Calif. Dive of Wines
Bulle noe 118 & 161, 1943

"le The San Andreas zone roughly coincides with a zone of
profound Eocene faulting which marks the boundary between the
ancient erystalline basement and Mesozoic rocks. However, the two
do not always egree, and the later zone may be wholly within either
the crystalline basement or the Mesozoie rocks.,

"2. The movement has been chiefly horizontal but in that
part of the rift north of Parkfield the horizontal shift has been
small, and has not been greater tham 1 mile and probably even less.

"3+, The horizontal shifting along the San Andreas gone is a
very late feature, as it cuts across structures and topography
developed in the late Pliocene aund mid=Pleistocenes Although a
major structural feature, the effects produced by all of the late
Pleistocene and Recent movements along it have not been compare
able with those which resulted from the Plio-Pleistocene
disstrophism. It has produced no importent modification of either
the structure or topography formed by these diastrophisms.

"4, The supposed branches or 'barbs'! ere actually earlier
faults which were formed by & very difrferent type of movement,
and which may be traced aeross the Sam Andreas. No important
fanltssbranch off from the San Andreas north of Parkfield with
the possible exception of the Haywerd; even in this case a
direct connection between the two hes not been established.”

In addition to this contradiction to Noble's suggestion of
great displacement is the fact that new vertebrate material has

been obtained from the beds which were correlated tentatively on

1z



the basis of lithologzy by Noble end used &s evidence suggesting

24 miles of displacements The vertebrate material has been
10
studied by Dr. Chester Stock, and apparently indicates a differ-

10/ stoeck, Chester, oral communication.

ence in age of the Cajon beds (lilkened to Wint Canyon beds by Noble)
which outorop north of the rift near Cajon Pass and the Punch Bowl

beds which occur south of the rift near Rock Creek. Archeohippus

has been found in the Cajon beds and therefore limits the age to
not younger than lower Upper HMiocene, whereas several large eguine
forms found in the Punch Bowl beds indicate at least an upper Upper
Miocene age and possibly even a Pliocene age for that sectione

Even so, in the San Gabriel section of the rift the horizontal
displacements appear to have been more then one mile as Taliaferro
suggested was possibly the maximum in the Parkfield erea. During
work conducted with L. Fe Noble for the United States Ceolegical
gurvey, Ce Le Gazin}y found evidence whieh lead him to make the

following conclusions:

11/ Gezin, Ce L., unpublished report.

"The Pelona schist gravel in the Pearland and Little Roek
guadrangles suggests a minimum displacement of § -~ 6 miles. Fure
thermore, at meny places the physiography north of the rift has
changed markedly during the period between the deposition of the
first and last gravels. The oldest gravels were deposited be¥ore
the present stream channels were defined. The largest stream
channel, Little Rock Creek, shows as much as a mile displacement.
It seems reasonable te suppose that in meny cases streams cross-
ing the rift northward have had their lower portions displaced so

13



s to receive drainege from the next creek eastward."

Another suggestion by Noble is that the shifting has been
even greater than the 24 miles. There is a possibility the Sen
Gobriel Mountains and the San Bernardinoe Meuntains represent a
structural block that has been split by the San Andreas rift.

If this were true, the San Bernardino Mounteins lying north of
the rift would have been shifted eastward with respect to the San

12
Gabriels, a distence of the order of 70 miles. Noble, however,

12/ Noble, Ls Fe, The San Andreas Rift in the Desert Region of
Southeastern Californias Carnegie Inste. Washington, Year Book
Noe 31, pe 358, 1832,

though apparently of the opinion that the horigzontel movements have
been great, points out very clearly that there is no definite proof
of great displacements. FHe sumarized:

"In brief, the only reasonable conclusion from the evidence
available seems to be this - & horizontal shift of many miles along
the fault is possible but no conclusive stratigrephic evidence of it
is obbainable and the structural evidence, although suggestive, does
not amount to proof. That horizontal shifts of & mile or even of
several miles have taken place is reasonably certain from topo-
graphic evidence available, yet it is not certain that these move-
ments have been consistently in the same direction throughout
geologic times Reversal of horizontal movement on the fault at
different times and places is seemingly conceivable if the physio=-
graphic evidence is actually and not apparently contradictory.”

Returning to the question of the age of the Rift and the differ-
ences in opinion expressed by Noble and by Taliaferro, suggestions by

13/
other investigators may be added. Willis indicated that the Rift

13/ willis, Bailey, San Andress Rift, Celifornia: Jre of Geol.,
vole XLVI, noe 6, p, 811, 1938,
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is & relatively ancient feature as follows:

“"The relations of the rift te young topographic features and
to post-Tertiary formations suffice to show that it has been
active since pre-Pleistocene timee ==« The general relations
which have been deseribed and which elearly indicate that the
verious fewlts, folds, and minor features may be interpreted as
effects of one and the same system of contemporanecus stresses,
repeatedly active and repeatedly inactive since lMesozoie time, con=
firm the impression that the rift is an sncient structural feature.
Some details tend to support that fuference. There is, for in-
stence, the case of the occurrence of granite boulders in fossile
iferous Eocene strata in the very strike-slip zone of the rift
itselfs, It clearly shows that the granite was exposed on the
feult line in that immediate vieinity in Eocene time,"

14
Likewise Reed and Hollister expressed a view obtained from

14/ Reed, Re Ds, Hollister, J. Se¢, Structural Evolution of Southern
California: Ame Assocs Petroleum Geologists, p. 84, 1936.

paleogeographic evidence that the line of the San Andreas rift was
marked out before late Jurassic time.

"If the visws previously expressed as to Lower Mesozoic
paleogeography are correct, it follows that the northern part of
the course of the Sen Andreas fault was marked out, though not
necessarily followed by & fracture, before the late Jurassic. It
was then & boundary between a negative and a positive ares.”

Most of the geologists who have worked on the rift realize

that there is as yet little evidence to prove conclusively the
15
validity of either view. Reed aptly expressed this variance

16/ Reed, Re D., Hollister, J. Se, Ceology of California: Ame
Asgsocs Pebroleum Geologists, ps. 38, 1933.

in interpretation due to lack of sufficient investigation as

followse:

"Among the geologists most familiar with different parts of

16



the long course of the fault, the notions held asbout its nature
and history are very diverse. To some it is an ancient feature
which has dominated the geological events along its course and
even throughout much of the Coast Ranges sirce the Jurassie at
leasts To others it is a recent feasture, perhaps developed out
of individual faults which were older, but only welded together
in Pliocene time or later. At present there is, on the whole,
little more reason for holding one of these views than the other.
The problems involved in the study of the rift are so wvast and
far-reaching that the amount of work hitherto devoted to them is
entirely inadequate for their solubion.”

Although, as has been shown, there is wide divergence of opin-
ion regarding much of the history and nature of the San Andreas
rift, one point of interpretation seems to be generally accepted
by most geologists, that is, that the rift is due to compressional
forces. The exect oriertation of the forces is not without ques~
tion, but the interpretation of the rift features as being indica-
tive of shearing and compressional rather than tensional forces

16
is slmost universally accepted among geologists. Noble

16/ Noble, Le Fus, The San Andreas Bift in the Desert Region of
Southeastern California: Carnegie Inst. Washington, Year Book
1109 31' P. 558. 1952'

emphasized this point as follows:

"Except the plane of the main fault, which appears to be
nearly vertical, the planes of nearly all the associated or branche
ing feults are the planes of reverse faults, At place after place
in the rift sone, one encounters slabs of pre-Tertiary granite
thrust over younger upturned Tertiary beds."

17
Buwalda has studied cne such prominent thrust plate in the

17/ Buwalde, J. Pe, oral cormunication.

Tejon Pass regions He found that Fraser Hountain is an isolated

18



slab of gremitic rock resting on Tertiary sediments.
i8
Hill believed the San Gabriel Mountains of southern

18/ Hill, M. L., Structure of the San Gabriel Mountains: Univ,
of California Pube Geols Scie, vole 19, ppe 137-170, 1930,

¢alifornia to be essentially an inverted prism which is being
19

forced upward by lateral compressione. Willis stated:

19/ willis, Bailey, San Andreas Rift, Californis: Jrs of Geols,
7010 XLVI. pels 1Y 6, pO 802’ 1938.

"The phenomens of secondary shears, thrusts, folds, which are
very generally associated with the San Andreas rift, as also with
other strike-slip faults, are results clearly attributable te such
compressions”

20
Taliaferro recognized many thrust faults nesr the San

20/ Taliaferro, N. L., Geologic History and Structure of the
Central Coast Ranges of Californias: State of Califernia Dive. of
Mines Bull. no. 118, p. 160, 19483,

Andreas rift but considers them as "earlier faults which were
formed by & very different type of movement, and which may be
traced across the later line",

Some major questions regarding the nature and history of the
San Andreas rift that canmot yet be answered may be sumarized es
follows:

1. 1Is the San Andreas rift an old feature dating back to

early Tertiary or pre-Tertiary time? Noble, Willis, and others

have suggested this to be the case.

17



2¢ Or is the San Andreas rift, that is the strike-elip
movement, an extremely recent feature eutting "indiscriminetely”
across structural features formed by "earlier and very different
type movement" as Talisferro has suggested.

3¢ 1Is the horizontal offset of the Rift measured in meny
miles as Gazin and Noble have thought?

4, Or is the movement less then a mile as Teliaferro be=-
lieves he has found in the central Coast Renges?

5¢ Or is the moveoment varisble on different portions of the
pift to an extent that would account for this veriance of appare
ent movement?

6s Has the rift possibly chenged direction of movement as
is suggested by the apparently reverse offset of the block of Pre-
Cambrien ?elona schist near Palmdale,' California?

The fact that such basic problems still remain unsolved indi-
catés the complexity of the features associated with the San
tndreas rift, for certainly such problems as these would seem to be
the first that could be answered.

Previous geologie work in the area of this investigation

The earliest published geologic account of studies centering

in the area covered by the present investigation was that of
_ 21
Schuyler in 1897, Schuyler was interested principally in

21/ Schuyler, J« Ds, Reservoirs for Irrigation: U. S, Geological
Survey 18th anmual report, part IV, pp., 711-712, 1896-1897,

22,
reservoir sites, In 1902 Hersey described the Pelona schist and

18



22/ Hershey, O. He, Some Crystalline Rocks of Southern Californis:
Amere (Geologist, vols 29, pe 279, 1902,

other metamorphic rocks in the area., Hill and sssociates made a
reconnaissance map of the western portion of the area of present
study in comnection with a report which is in manuscript form on

23
proposed reserveirs at Elizabeth Lake and Bougquet Canyon. Noble

28/ Noble, Ls Fe, The San Andreas Rift and Some Othsr Active Faults
in the Desert Region of Southsastern California: Carnegie Inst. of
Washe, Yoar Book, No. 25, 1925«26, also Bull., Seise. Soce Ameras,
vole 17, ppe 25-39, 1927.

has been studying the San Andreas rift for e period of over twenty
years with interest focused chiefly on the area between Palmdale
and Cajon Pass, but has also studied many portions of the area

24
sovered in this report. Simpson me.pped the entire Elizebeth

24/ simpson, E, Ce, Geology and Mineral Deposits of the Elizabeth
Lake Quadrangle, Californias 13th report of state mineralogist,
Calif. Mining Bureau, pp. 371=-415, 1934,

lake guadrangle on & reconnaissance scale and the map and report
were published in 1934, Gagin, working with Noble, in recent
years has mapped the adjoining Pearland eand Little Rock quadrangles
in detail and also investigated the present area teo some extent.
His report is in manuseript form at present and wes kindly made
available to the writer by L. Fs Noble.

Many investigators have studied arees adjacent to the present

19



25 26
ares, Among the more important papers are those of Kew, Miller
a7
and Jahns.

25/ Kew, We Se Ve, Geology and 0il Resources of Part of Los
Angeles and Venture Counbies, California:s U. S Geols Surs Bulle
753, ppe 1=202, 1924,

26/ uiller, Vie Js, Geology of the Western San Gabriel Mountains:
Pube Unive of Calif, at Los Angeles, vols 1, nos 1, pre 1-1l4, 1934,

27/ Jehns, Re He, Stratigrephy of the Easternmost Ventura Basin,
California, with a Deseription of a New lower Miocene HMammalian
Fauna from the Tick Canyon Fermation: (arnegie Inst. of Washinge
ton, Pub, nos 514, ppe 145-194, 1940,
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STRATIGRAPHY AND PETROGRAVHY

Ceneralized Section

Sedimentary rocks

Thickness
in fest

Quaternary Alluviumes~wew- ~unconsolidated sand

and gravels = = = =
=Unconformity~

Torraceg=——w---«-ndifferentiated- -
unconsolidated sand
end gravels, essen=
tially old elluvium

Terragese~wwew e -Pelona schist detri-
tus-=sand and gravels
composed principally
of mica schist and
milky quertz cobbles
and pebbles « = « « =

«Tmconformity-

0« 80 ¢

Tertiar

©
Pleistocene larold beds--~-sand =nd gravels

Pliocene?

Miocene?
or older

poorly consclidated
=Unconformity-

Anaverde formation--gypsiferous
shale - - « = « - =

«white to buff con-
glomerate and arkose

«~pink to reddish cone
glomerate and arkose

«Unconformity-
0ld arkose==wcwa breceiated and pul=

verized arkose, dark
red brown in color
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0 =800

0 =100?



Thickness
Igneous snd metamorphic rocks in feet

Tertia
locene?

Oligocene?

Rosamond volcanies~-rhyolite
tuffs and flows - - 0= 500 »

«nsonformity-
Vasquez volcanigs--basaltic
and andesitiec flows,
tuffe and breceias - 0 «3000 =

=Unconformity-

Pre-Tertiary

Granitic--intrusive, ineluding
pegmatitic, aplitiec
and dioritic phases,
also gneissic and
mafic schist zones -

Diorite intrusive, insluding
granitic phawses

Gneissic complex-~biotite
schists injected by
diorites end pgranites,
extremely distorted
and metamorphosed

Pre-Cambrian

Pelona schist--metamorphie
complex, ineluding
meta-sediments, several
intrusives, plus quartz
vein material
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Pelona schist

Pelona schist is the predominant rock formation in the ares
mappeds Rocks of this sequence crop oubt over most of the eastern
portion of Portal Ridge end on Ritter Ridge. The major portion
of Sierre Pelona Ridge is also composed of Pelona schist forming
a block over 30 miles long from esst to west so that it extends
for west of the area mapped.

A great variety of metamorphic rocks are included in the
Pelona schist sequence. For the most part they appear to repre-
sent metamorphosed sediments, although some of the rock units
almost certainly were originally igneous.

The most common rock type is a mica-feldsper schist. The
micas vary from pearl gray muscovite to dark brown biotite and
are arranged in parallel planes separating feldspar grainse This
gives the schist good clevage. All gradations in color, vary-
ing from those rich in muscovite, which have a silvery sheen,
to dark brown schiste in which biotite predomimates, are to be
founde. Gradations in coarseness of this mica schist range from
very fine grained varieties, which approach a slate~like chare
acter, to relatively eoarse grained mice-feldspar-guartz schists
which might be classed os gneisses, No general gradetion from
the top to the bottom of the schist section was observed.

Other schistose and gneissic types of rocks are also
present although they are hot as abundant as the mice schistse.
Sehists containing abundant chlorite and amphiboles are common.

A schist composed almost entirely of emerald green actinolite

23



Plate 5o

Outerops of TPelona schisgh.

Le Road cut one-half mile south of
Elizabeth Leke school, showing mica
schist with quartz veinlets both
cutting schistosity and paralleling
schistosity.

Be Road cut on Goode Hill road. Note
contortion of schist eand lenticular
guartz veine






Plate 8+ Photomicregraphs of gquartzite in Pelona
schist metemorphic sequence.

As Uncrossed nicols, showing distribution
of parnets (high relief mineral) in
quartzite. ¥ ~ 60

Bs Crossed nicols, showing recrystallization
and elongation of quartz grains. X - 60






Plate 7. FPhotonicrographs of gneissie rocks in the
Pelona schist metamorphic sequence.

Le Augen gneiss, showing "eye" of albite
with chlorite wrapping around ibt.
Unerossed nigolse X « 60

Bs Clinozoisite gneisss Clinozosite in
large blades with oligoclase, sericite,
actinolite, and chlorite associated.
Crossed nicolse X«80






erystals is a very distinctive type found. The erystals of
actinolite are in places several inches long and an eighth of
sn inch or more wide. VWhite, fine greined tale commonly accom=
panies the actinolite and fills in the portions between the
radiating actinolite needles. In some lecalities the tale pre=-
dominates over the actinolite.

An augen gneiss forms several large areas of outerop. In
thin section it displays charscteristics of texture and compose-
ition suggesting that it was originally an igneous rock of
granitic type that had been crushed and dynamically metamorphosed.
The "eyes" of the gneiss are composed of recrystallized feldspar
grains, mostly albite and oligoclase. An unusual gneiss was
found which was composed chiefly of elinozosite. 1In thin section
it could be seen that coarse blades of elinozosite are surrounded
by oligoclase which is highly sericitiged., Winor constituents
include ectinolite, biotite, chlorite and magnetite.

Quartzite beds & few feet thick are common in the schist
sequence, In hand specimen the sedimentary characteristics are
almost entirely obliterated even though there is definite band-
ing which i1s marked by fine seriecite grainss In thin section
the banding can be seen to be due chiefly %o orientation of
elongated quertz grains due to recrystallization. The elongation,
however, apparently follows the original orientation of bedding.
The quartz grains show shadowy extinetion indiecating strain, and
the borders of the grains are sutureds Ome specimen showed an

abundance of germets which are arranged in groups of crystals
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forming thin stringers perallel to the banding. Biotite,
chlorite, sericite, end albite-oligoclase feldspars are all
common sccessory minerals of the gquertzites.

Limestone marble beds are of common occurrence in the
Pelone schist sequence. They are finely crystalline and are
white to gray in color. Graphite grains are common and quartz
and feldspars are other sccessory minerels. In one locality
epidote was abundant where the limestone hed been altered.

Quartz veins are abundant throughout the Pelona schist forme
ing pods end lenses which follow the trend of the schistosity in
most places but which not uncormonly cut the schisosity. The
quartz veins very in width from a few inches to several tens of
feet and consist of white "bull" quartz. In most cases no
sulphide or other types of mineralization sccompanied the im-
placement of the quartz veins,

The presence of quartzitss and limestone beds, clearly of
sedimentary origin, interspersed throughout the mics schists was
elso originally o sediment, and its composition would suggest

28
that it probably was a shale., Hulin in analyzing & similap

28/ Hulin, Ce Ds, Geology end Ore Deposits of the Rendsburg
Quadrangle, California: Calif, State Mining Bureau, Bull. 95,
Pe 26, 1925,

case in the Rand schist, made the following comment:

"The nature of these three original sediments, sandstone,
shale and limestone, their purity end the character of their
bedding as well as their areal extent and their thickness all
leads to the belief that they represent a former series of

26



marine sediments,"”
This statement is entirely applicable to the case of the
Pelona schist. The actinolite schists may represent intrusives,

29
probably dikes, of mafic composition, although Hulin suggests

29/ Hulin, Ce De, ope ¢ite., pe 27, 1925,

that the actinolite rich szones in the Rand schist are the result of
accunuletions of basic voleanic tuffs in the original sedimentary
series.,

The schist sequence is folded, in some pleces rather tightly
but commonly in relatively open folds. The folding sppears to
heve been subsegquent to the metamorphism. Exposed secticns of
Pelona schist indicate that & minimum thickmess of the sequence
is over 5,000 feets It is very likely much more than that,

30
Sdmpson was able to measure & thickness of more than 7,500 feet,.

%2/ Simpson, Bs C., Goology and Mineral Deposits of the Eliza-
eth Lake Quadrangle, California: 13th report of the state
mineralogist, Calif. State Mining Bureau, p. 378, 1934.

The Pelona schist is suggested to be Archean in age by its

correlation with the Rand schist which Hulin suggested is Archean.
31/
Hulin's deseription of the petrography of the Rand sehist in

81/ Hulin, Ce Do, Geology end Ore Deposits at the Randsburg
Quadrangle, California: Calif. State Mining Bureau, Bull. 95,
Pe 23, 1925.
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the Randsburg guadrangle might as well be a description of the
Pelons schist. Simpson hes also compared the two schist and has
concluded that they are correlatives, Hulin suggested a prob-
ably Archean age for the Rand schist after noting that Paleozoie
sediments in nearby mountain renges are practically umaltered in
comparison to the Rand schists The Placerita formation, des-

32
cribed by Miller, which crops out near the western end of the

32/ Miller, W. Je, Geology of the Western San Gabriel lNountains
of Californie: Pub.. Uni. of Califeornie at Los Angeles in
mathe and phys. sciences, vole 1, noe 1, Pe 4, 1934,

San Gabriel Mountains in Placerita Canyon, may also be a corrslae
tive of the Pelona schist. It is also a series of meta-sediments
of presumable pre~Cambrian age.

33
Miller, however, did not believe that they are correlas

33/ Miller, W, Je, Goology of the Western San Gebriel Mountains
of California: Pubes Univ. of Calif. at Los Angeles, vols 1,
noes 1, pe 63, 1934«

tives and analysed the situation as follows:

"A formation very similar to the schist just deseribed,
and eorrelated with it by Noble, is extensively developed in the
Sierra Pelona Mountains some miles to the northwest of the San 34/
Gabriel Mountainse It is called the fPelona schist by Hershey

34/ Hershey, Os He, Some Crystalline Rocks of Southern California:
fme Geole, vOle 29, Pe 276, 1902,
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This formation is different from the meta-sediments associated
with the Placerite, and unlike the latter, has not been cut and
more or less thoroughly injected litepar-lit by granite. The
Placerita formation is therefore believed to be older than the-
Pelona schist, end, if the latter is either pre~Cambrian or
possibly early Paleozolie, the Placerite is almost certainly
pre«Cambrian snd probebly older pre-Cembrian {Arsheozoie).”
36
Hulin pointed out in deseribing the Rand schist:

35/ Bulin, Ce De, Ope cite, p. 29, 1925

"The most noticeable feature of the Rand schist is the cone
cordance which exists everywhere between the flat lying schist-
osity and the bedding."

In the Pelona schist the schistosity also parallels the bed-
dinge Hulin continued his discussions

"The slight amount of folding which has effected these
schists, have been developed horizontally and the pressures ins
volved were verticale The effects of lateral compression are
strictly absent.”

Although the Pelona schist hes been subjected to much more
lateral compression than Hulin indicated was true for the Rand
schist, the predominence of sechistose structures following orige
inal bedding planes in the Pelona schist indicates that those
structures must have been developed essentially horizontally.
The Pelona schist locally is highly contorted as might be ex=

pected in an area so close to the San Andreas rift,

Gneissic complex

Two prineipeal areas of gneissic complex outerops are pree-
sent on the suth side of the rift., Ome beand of gneiss a half
mile to one and one-half miles wide extends southwest from near

Palmdale reservoir to the edge of the ares mapped. A variety of



orystalline rocks are gresent in this zone. A dark colored,
hornblende=quarty diorite band trends east-northeast parallel teo
the general strike of the gnelssic zone and pessibly represents

a metamorphosed dike which had been intruded into the gneisse In
general the zone is & complex of hormblende-feldspar-mica gneisses
profusely intruded by granitiec dikes which are themselves somewhab
gneissic in structure. Some of the intrusive dikes are of the
order of a hundred feet wide. A few small limestone horizons
were found and suggested that this gneissic zonme mey represent
essentially a section of Pelona schist thoroughly injected with
granitic dike rockss There very likely have been several periods
of intrusion of the originsl schist complex.

The obher area of gneiss borders the south side of Leonis
Valley and extends from Grass Jountain east to approximately one
and one-half miles west of the Bouquet Cenyon road. This zone
is a mixture of several gneissic, schistose, and igneous rock
typess The typical gneiss of this ares can be seen on the road
from San Franeisquito Pass to Grass Mountain lookout. It cone
sists of alternating light and dark layers, each from a fraction
of an ineh to several inches thick, in fairly regular bands which
are twisted and folded into extremely complex structures. The

dark bands are commonly colored by dark biotite and the light
bands are Prineipally feldspars and qusrtz. In some places the

gneiss appears very similar to the Pelons schist, but in gen-
eral it contains much more granitic meterial, Much of it may

represent Pelona schist which has been thoroughly injected with
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granite apd later folded and conbtorted,

The age of this complex can be indicated only by indirect
36
correlationss The San Gabriel formation gescribed by Miller

36/ Miller, We Je, Geology of the Western San Gabriel Mountains
of California: Pube Univ, of Calif. at Los Angeles, vols 1,
noe ly Do 49, 1934

in the San Gabriel Hountains is apparently similar to the meta=
morphic~igneous complex described here. The San Gabriel formation
comprises a mixture of so~celled Rubio metadiorite, Placerita meta-

37
sediments, and an old granite, presumably the Echo granite, HNiller

E%/ Miller, We Jo, Geology of the Western Sam Gabriel Mountains
of Californias Pub, Univ. of Calif, at Los Angeles, vols. 1,
B0e 1, p‘ 65. 1934.

came to the following conclusion regarding the age of the San
Gabriel formation:

"'he available evidence, then, points to the pre~Cambrian,
and probably older pre-Cambrian age of the Placeritas, Rubie
diorite and metadiorite, and Echo granite formations, as well as
the greater part of the San Gabriel formation, but it must be
adnitted that the age is not absolutely proved.”

It seems very probable that at least some of the gneissic
zone in the area mapped is formed by the injection of Pelona schist
by younger granites, so that it should be considered younger then
the sehists

Diorite
A mile south of Palmdale reservoir bordering the bleock of

Vasquez voleanies on the north and west sides is an igneous mass



which is slightly more basic than most of the granmatoid rocks.
Although many portions of this bloek are true granite, much of the
moss ocen be clossed as a diorites The roek is typically brewn to
reddish and contains little or no quartze It is definitely in
fault contact with the Vasquez series and is thrust up against
and over the veoleanics. The northwestern boundary was mapped as
& gradetional eontaet because no sharp contact was observed. It
may or may not be & faults At the northeastern end of the con-
tact veins several feet wide of nearly pure caleite crop out.
This vein material suggests fracture openings along a faults In
a road cut which is in the gneiss near the contast the gneiss

is thorougely injected with the granitie rocks suggesting that
the mein eontact is essentially an intrusive one. No other evie
dence, however, was observed to indicate the pature of the con-
tact,

Granite

Several large blocks of igneous rocks of a granitic type are
present in the aree studieds The detailed relationships of the
gneissic and schistose zones to the granite wefe not mappede The
granite blocks as mapped, therefore, represent areas which are
predominantly granite, bubt which also have gneissic zones end
inelusions of several types of metamorphic rocks. Vhere dips
and strikes are found on the map in areas indicated es granite,
they represent the orientation of local gneissic structures.

North of the Hitchbrook fault in the Elizabeth Lake dise

triet is the largest exposure of granite mapped. In hand speci=-
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mens the granite is white, buff, or pinkish colored and gradu-
atione in texture vary from coarse, almost pegmatitie, to very
fine graineds. Microscopically it is found to be a typical granite
with large amounts of quartz and albite in sub-equal proportions
and with orthoclase and microcline both being common. Hafic con-
stituents are relatively searce throughout large portions of the
grenite, but where present brown biotite and hornblende are the
most common minerals.

The granite block bordering the rift south of Elizabeth Lake
is petrographically similay to that north of the rift.

Approximately one mile west of Leonis School a long narrow
fault slice is prinecipally grenite; however, several gneissic
zones are present. These zones s rike across the trend of the
block approximately paralleling the regional trend of the schiste
os® and gneissic zones south and norbh of the rift zones. This
faot tends to support the interpretetion that the eress strug-
tures are essentislly ocut by the San Andreas rift and are not
genetically related to the same tectonic forces.

The block of granitie rocks along the south border of Leonis
Velley which extends west of Bouquet Canyon approximately two
miles is composed of & white to buff colored granite on its easte-
ern end which grades into more snd more gneissic rocks toward
the wests The western boundary drawn on the map represents a grad-
ational contacts West of the contact the rock is predominantly
gneissic although considerable granite is also presents The

contect may be intrusive with grenite being injected inte the
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Plage 8. Photomicrographs of granite.

Ae Granite cobble from Anaverde conglomer-
atic arkoses Note lack of mafic
constituents. Crossed Nicolss X -« 60

Be Granite from Portal Ridge north of
Elizabeth lakes Hote lack of mafiec
congtituentss Crossed nicolsse X = 80






gneiss along the contact in a lit-par-lit menner. ¥Where good
exposures of the gneiss are found it can be seen that the granite
is intimately injected into the gneiss in the form of various
size dikes and sills. In thin section it was found that the white
granite commonly had less than § per cent mafic constituents.

North of the rift, approximately twe miles west of Palmdale
is a prominent ridge composed of granitic rocks. Uost of the
ridge is a white to buff colored granite, but along & reverse
fault which dips south into the rift, darker colored granite has
been brought into contact with the white granite. At the western
end of this ridge &t the mouth of Leonis Valley a smell peteh
of Pelone schist outcrops, and the granite is apparently in ine-
trusive contact with it. Although the contaet is not well ex=
posed, garmets in the mica schists indicate that the Pelonsa schist
has been metamorphosed by the intruding granite., Exeluding the
depositional contacts of alluvium, all other contacts of the
block are faults. On the north side of the shale bedy just east
of the mouth of Anaverde Valley small granite outerops are found
indicating thet a thin body of granite represents an sastern exe
tension of the large blocke This stringer is apparently bordered
by faults on both the north and south side.

Near Vineent on the west side of Soledad Pass a blook of
granite is faulted ageinst the Vasquez voleanics.

As far as the evidence in the area studied is concerned, the
age of this granite can only be limited to post-Pelona schist

tire end pre-Vasquez time. This broad range includes all of the
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Paleozoic, WMesozoic, Hocene and Oligocene. The granite, however,
is apparently similar to some ¢f the intrusives in the San

38
Gebriel Mountains which have been grouped by Miller-_/ under the

neme of Lowe granodiorite. Miller has tentatively assigned these

38/ Miller, W, J+, Geology of the Western San Gebriel Mountains
of California: Pub, Unive Calif. at Los Angeles, vol. 1, nos 1,
PPe 62"65, 1934,

rocks to the late Jurassic epoch on the basies of the relationship
of similar intrusives elsewhere in southern California to sedie
ments of known ages In the Senta Moniea Mounteins upper Cretaceous
sediments unconformably overlie similar igneous rocks and else-
where similar granitic rocks intrude Triassic slates. Having
essentially limited the age to the Jurassic, Miller favors call-
ing them upper Jurassic because of the known upper Jurassic age
of the Sierra Nevada batholithe It is quite evident that the
age correlation of these rocks needs further verification.
oM erkose

A sediment which is highly brecciated and mylonite~like
eppears to be distinet from the Anaverde formatione. Outorops of
this rock are present along the north side of the ecenter~trough
ridge from approximately one mile east of the junction of the
Bouquet Canyon road end the Pine Canyon - Elizabeth Leke road to a
point epproximately four and a half miles west of the junction.
The exposures are poor and commonly are of dark reddishebrown

colors In only a few places were whole pebbles and cobbles obe
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served to prove the sedimentary nature of the rock, end even those
were highly altereds Elsewhere the rock is so badly altered that
no originel struecture could be distinguished.

No suggestion of age is possible exeept that the color of the
weathered outerops appears similar to some oubcrops of the Vase
gueg fanglomerates.

Toward the west end of the area of outcrops this rock lies
on top of Anaverde sediments, but the rock is so much more highly
altered and "older looking" than the Anaverde sediments that this
relationship is believed to be due to overthrusting or overe
turning as & result of compression within the center-trough ridge.

Vasquez formation

In an area of approximetely’ three square miles bordering
the west side of Soleded Pass, basalt and andesite flows and cor-
responding breccias and tuffs of the Vasguez formation crop outs
The outerops of the formation are confined to the suuth side of
the rifts The Vasquez formation was originally named the

39/
Escondido formetion by Hershey, but inasmuch as that name was

39/ Hershey, O. He, Calif. Unive Pubs Dept. Geols Bulls vols 3;
ple 1, map, 1902,

490
precccupied, Sharp proposed the name Vasqueze Sharp measured

40/Sharp, Re Ps, Geology of Ravenna (uadrangle: Paon-Amers Geol.,
vols 63, nos 4, p. 314, 1835

& section of the Vasiuez formation in the R&vema quadrangle
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which is just south of the area mapped and found an spproximate
thickness of 9,000 feet of fanglomerates and 4,000 feet of
basalts. Only the volecanics are exposed in the area mapped, and
represent a thickness of approximately 3,000 feet.

The laves renge in texture from massive, fine-grained
besalts and andesites to amygdaloidel end vesicular rocks. The
smygdules are commonly filled with an agete deposit which
weathers out of the basalt in the form of agate nodules., Some
of the nodules are several inches in diarster. The flows are
predominently eandesites and basalts. The surfaces of the flows
were apperently very irregular so that tuffs deposited on their
gurfaces and leter covered by other flows, now form irregular
lenticuler bodies. The tuffs are of a erystalelithice-vitric
type, and contain approximately 80 percent glassy material
heving an index of refraction near 1,49, which corresponds to
a composition approximately 75 percent 8102. The erystalline
portion of the tuff consists chiefly of andesine and labradorite
feldspars with some quartz, biotite end other minor accessories.
The roeck fragments included in the tuff are of the same types as
the flow rocks in which the tuffs are interbedded. In hand speei-
men most of the vitric portions of the tuffs have a distinctive
green color. lNo specific cause for the color was determined,
although it could possibly be due to ferrous irom or small Quan-
tities of copper in the glass.

33/

Jahns has tentatively determined the age of the Vasques
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Plate 9. Thotomicrographs of Vasquez tuffs,

Ae and Be Note shards and erystel fragments.
Unerossed nicols. X - 60






41/ Jenns, Re He, Stratigraphy of the Besternmost Ventura Basin,
California, with a Description of & New Lower lfieccene Mammalion
Fauna from the Tick Cenyon Formation: Carnegie Inst. Weshington,
p\Ibu. nos 514, pe 170. 1940,

to be Oligocene, probably corresponding to at least a part of the
Sespes This determination is based on the presence of lower
Miocene, Tick Canyon bzds overlying the Vasquez, and the fact that
lower Hocene lartinez beds lie unconformably below the Vasquez.

42
A comrittee of the Paleontological Socieby of Americe has since

42/ Wood, He Es and committee, Nomenelature and Correlation of
the North American Continental Tertiesry: Bulls Bielw Socs
imeries, vols 52, pp. 1-48, 1 pl., 1941. Gest .

assigned the Tick Canyon formation te the middle MNiocene age in
correlating the continental Tertiary deposits of North Americs.
There is, however, & slight discrepancy between the middle Ter-
tiary age correlations based on vertebrate and invertebrate
fossil materiale The vertebrate corrslation tends to place the
formations slightly higher in the time scale than does the in-
vertebrate correlation.

43
Others have assigned the Vasquez to the middle HMiocene

gg/ Simpson, Ts Ce, Ceology and Mineral Deposits of the Elizabeth
Leke Quadrangle, California: 13th report of the State mineralogist,
California state mining bureau, p. 391, 1934

43/ viller, . Je, Geology of Vestern San Gabriel Mounteins:
Unive of Calif. at Los Angeles pub., vole 1, pe 70, 1934,
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chiefly on the basis of & possible correlation of the Vasquesz
voleanics with the flows of the middle Miocene Topange formae
tione

The flews are cut by many faults, but due to the difficulty
of distinguishing individual flows, the fractures are somewhat
obscure. The northern border of the outerop area 1s & reverse
fault slong which dioritic 2nd granitic rocks have been moved
up and over the voleanics. The flows are folded into & syncline
which purallels the strike of the fault and probably was formed
contemporaneously with the faulting. Near the center of the
outerop area mapped & tabular body of basalt lies in a nearly
horizontal position over truncated tuff and lava beds which stand
nearly vertiocally. No other evidence supports the suggestion
that the basalt flowed over the truncated ends of the uptilted
beds, which would indicate two periods of wvulcanism separated by
& period of tilting and erosion. Inasmuch as this is an isolated
case of such a relationship, it is probably better explained as a
result of thrust faulting within the formetion and is evidence
of the extreme "juggling” of blocks in the areas adjacent to the
rift.

Rosamond volcanics

On the north side of Portal Ridge, several small patches of

rhyolitic rocks are present. They presumably represent the Rosa=

44/

mond series which is widesvread in the Moleve Desert area. Cimpson

44/ Simpson, Es Ce, Ceology end Mineral Deposits of the Elizabeth
Lake Quadrangle, California: 13th report of state mineralogist,
Calif. Mining Bureau, p. 400, 1934,
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reported a thickness of over 4,800 feet of Rosamond beds in the
45
Fairmont Hills. Merriem determined that the upper portion of

45/ Yerriam, Je Cs, Tertiary Memmelisn Feunas of the Mohave
Desert: Univ, Calif. Publ., Depte. Geols Bulls,, vols 11, ppe
438-585, 1919,

ths Rosamond series is Upper Miocene on the basis of vertebrate
rerainse The rhyolite volcanics present in the area mapped by
the writer apperently are in the lower part of the Rosamond as
deseribed by Simpson. Presumably this lower part of the section
is also of MYiocene age but this fact must be verified.

The lergest outerop of rhyolitie voleanies lies along the
north side of the Hitechbrook fault so that it is feaulted against
Pelona schist. The roeck is white to buff color in hend specimen
and is rather porous. In this section it was found to be es-
sentially & erystal-lithic tuff with fragmente of rhyeclite,
guartz and feldsper in a fine-grained groundmass. Some of the
rock fregrments are composed of fine-grained chalecedony-like
quartz as is mueh of the groundmass, The whole mass appeare to
have been highly silicified.

A small outerop of rhyolite was found protruding through the
elluvium in one place suggesting thet more voleanic material is
covered by alluvium.v

On the eastermnost grenitic block north of the Hitehbrook
feult, & small pateh of rhyolitic debris was found fragments of

which were angular and not water worn, suggesting that it wes a
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remnant of rhyolite in places Two other similar patches were
found on the Pelona schist block south of the Hitechbrook fault.
The rock is & rhyolite porphyry with phencerysts of quartz and
albite~oligoclase feldspars in a fine-grained groundmass. The
herd specimens are brown due to iron steining.

If these patches of rhyolite were extruded in Miocene times
and flowed over a surface cut on Pelona schist, the sehist block
must have been exposed at least thet early in time. That fect is
significant when it is considered that the Anaverde formation,
deposited in Pliocene times, and now edjacent to the Pelons schist
bloek, contains no schist detritus. The problem is discussed
further in the section on structure (see p. 43 and p. 101).

Ansverde formation

The Ansverde formation is the prineipal Tertiary formation

present in the rift zone between Palmdale and Elizabeth Lakes
46

Gazin named the formation after Anaverde Valley where there

gg/ Gazin, Ces L., unpublished report.

are fairly good exposures of the sediments., Correlation of the

various units is difficult because most contacts in the rift zone
are faults. The basal portion of the series is & pink to reddish
erkose in which grenitic cobbles are present though not abundant.

47
Gazin has reported this basal arkose to rest with depositional

47/ Gazin, Ce Lo, unpublished reporte
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contact on top of granite with pink feldspar, but this relation-
ship was not observed by the author in the aree studieds The red
arkose is lenticuler in places and grades laterally into the buff
colored arkose which commonly overlies it. The thickness of the
red arkose appears to be approximately 200 feet in some localities.

Above the red arkose is a buff-colored arkose that is the
predominant unit of the formation. It is more conglomeratic than
the red arkose and in some pluces contains boulders up to a foobt
in diameter although the common sizes range from pebbles of a frac=-
tion of an inch in dismeter to cobbles having e diameter of 3 or 4
inchese The cobbles are almost all granits and in only a few
places were gneissic cobbles found. The top part of this unit has
shale and siltstones interbedded with the arkose. The arkose is
commonly well indurated and in several localities weathers to
form prominent ledges as do the conglomerates of the Cajon and
Punch'Bowl formationse The maximum thiclkness of this unit is
probably not much more than 800 feet which is approximastely the
greatest thickness exposed in a single fault block.

The top portion of the Anaverde formation is composed of
shales and siltstoness The shale is highly gypsiferous and in the
principal body of shale which lies just north of Palmdale resere
voir, considersble mining of the gypsum has been carried on in
small open pitses In one fault block the shale is apggoximately
1000 feet thicke In the ares mapped it was not ascertained with
certainty that this 1000 feet of shale is actually eontinuous above

the arkose and since no fossil material which could be used for
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correlation hes been found in the shale it may actually repre-
sent another formation. The shaley portions at the top of a con=-
tinuous section of Anaverde arkose, however, suggests that the
rest of the shale does actually represent the top portion of the
formation.

Fossil material thus far found in the Ansverde formation is
limited to & flora which was obtained from silty beds near the top
of the arkosic portion of the formatione The location of the ogc-
curence is in the Palmdale quadrangle in the Wed, Selie3, sec. 29,
Te6Ne, Rel2Ws It is approximetely 1100 feet east of the west edge
of the quadrangle and 2200 feet north of the south edge of the
quadrangle. Another locality from which a few fragments of leaf
impressions were cobtained is in sece. 34, TeTN., ReldW,, 600 feet
gast of the west edge and 1100 feet north of the south edgs of
the section.

Dre De To Axelrod kindly studied the specimens collected by
the writer es well as additionel material collected by himself and
wrote a report which is included for reference a2t the end of this
section.

Axelrod suggested that the Anaverde formation may be inter-
mediaste betweer the Ricardo and Mount Eden floras, or transitional
between lower.and middle Fliocene.

The arkosic sediments with conglomeratic phases is a typical
deposit of a river in a semi-arid elimste which possibly had in
pert alluvial fan characteristics, The shale and siltstone hori-

zons would represent floodplain deposits and the gypsiferous shale
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portions possibly playa lake deposiis.

The source of the sediments is & questioneble matier. The
granite cobbles of the arkose are almost identical to the granite
north of Elizabeth Lake which is also typical of some of the other
grenites of the lohave Desert area. As previously stated, Gazin
has reported the Anaverde arkose to be resting in depositional con-
tact on granite. The most important though puszling evidence, howe
ever, is of a negative sort; that is, tho absence in the Anaverde
sediments of Pelons schist and Rosamond volecanic fragments end the
scarcity of Vasquez lave detritus, all of which presumaebly should
have contributed to the Anaverde formation.

The absence of Pelona schist detritus might be explained in
one of two ways. First, the blocks of Pelona schist may have been
faulted uperd and exposed to erosion in posteinaverde times. Second,
horizontal displacement along the rift may have been of such an ex-
tent as to bring Pelona schist into contect with Anaverde sediments
although originally they were widely enough separated so that the
gediment did not receive schist detritus.

The likelihood of the first possibility is cancelled or at
least greatly lessened by the presence of Rosamond volcanics ape
parently resting in place on top of the Pelona schist block in
Portal Ridge. This fact would indicate that the Pelona sehist was
exposed in Rosamond times which would suggest that it was also ex-
posed in the later Anaverde times,

The second possibility requires a special original distribue

tion of the rocks. Presuming that the blocks of Pelone schist were
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exposed in late Miocene times, they would heve been separated by
a distance of over 25 miles, so that the block north of the rift
would lie west of the western end of the Ansverde forration and
the block south of the rift would lie enst of the eastern end of
the strip of Anaverde sediments. Horizontal displacement of over
25 miles would then bring the Pelona schist bloecks end the strip
of Anaverde sediments inte their present relationshipe

The scarcity of Rosamond and Vasquez volcenies in the Anaverde
formation may also be explained by horizontal displacement., Tt
mey also be due to the fact that the area in which the Anaverde
sediment s were deposited wes isolated from drainage which would
carry Rosamond or Vasquez msterials For example, the Anaverde sedi-
ments may have been deposited in & faulltrough similar to Leonis
Valley and thus have been derived only from immediately adjecent
blockss

That the Anaverde formation was deposited in a fault trough is
supported by the faet that essentially all outerops of Anaverde
sediments have been found within the San Andreas rift zone. This,
of course, also suggests the presence of the rift in Pliocense
times.

Between Elizabeth Lake and Ritter Ranch the Anaverde formation
lies entirely within the fault trough and crops out prineipally in
the center trough ridge, lying between the two faults showing re-
cent displacement. From Ritter Ranch east to the Southern Pacifie
Railroed tracks the outcrops of Anaverde are princizglly north of

the recent faulte In the Pearland quedrangle Gazin reported that



48/ Gazin, Ce le, unpublished report.

the Anaverde formation is bounded on the south by the rift. 4ll
the arkosie sediments south of the line of recent faulting were re-
ferred to the Harold beds by Gazine. It is not at ell certain that
thie situation applies to the area studied in this report, 1In
fact, a mile east of Elizebeth Lake school s large body of arkose
lies south of the line of recent faulting and appears to be lithe
ologically identical to the arkose of the Anaverde formation north
of the faulte At several other points south of the recent fault
line arkosic sediments erop out, but are not definitely to be in-
cluded in the Anaverde formetion. In an outerop just south of the
Blizabeth Lake<Pine Canyon road on the road to Ritter Ranch a
conglomeratic arkose containing a few gneissic cobbles is present.
These cobbles are the only evidense found to suggest that these
sediments should net be considered part of the Anaverde formation.
In Anaverde Velley other outerops of arkosic sediments border the
south side of a branch fault. They are highly erushed by faulting
and are of gouge-like consistency in many places. These sediments
may be part of the Harold formation, but inasmuch as no evidence was
found in the area studied to indicate that they are different from
the Anaverde arkoseg they have been mapped as part of the Anaverde
formations

The beds of the Anaverde sediments for the most part are steeply
dipping end commonly strike either parallel to the rift, N.65° V.,

or disgonally to it in approximately an easterly direction.
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Plate 10. Photonmicrographs of Resamond rhyolites.

Ae Rhyolite from outerop on top of Pelona
schist of Portel Ridge. Note corroded
guartze Uncrossed nicolse X « 60

Be Rhyolite from north of Hitechbrook fault,
Note brecciation of rhyolite, possibly
flow breccia. Crossed nicols, X - 60






Preliminary report on the Amaverde flora

by
paniel I. Axelrod
COMPOSITION
A brief study of the Anaverde collection makes possible the
provisional identification of the following 19 fossil plants:

Pinaceae

Fine cone-scale
Palmaceae

Palm rays ?
Salieaceas

Populus pliotremuleides Axelrod

Populus prefremontii Dorf

Populus sonorensis Axelrod

Salix wildeatensis Axelrod
Pagaceae

Quercus cf. disperse {Lesq.) Axelrod

Quercus cf. orindensis Dorf

Quercus wislizenoides Axelrod

Quercus,; new species
Berberidaceae

Mahonis marginata (Lesgs) Arnold
Lauraceae

Perses coalingensis (Dorf) Axelred
Leguminosae

Robinia ealifornica Axelred
Sepindacese

Dodonsaea celifornica Axelrod

Sapindus oklshomensis Berry
Anscardiaceae

Rhus prelaurina Axelrod
Rhemnsceae

Ceanothus precuneatus Axelrod

Colubrine, new species

Rhamnus moragensis Axelrod

The commonest species near the site of deposition, as gauged from

some 400 specimens examined, were Persea coalingensis, Populus

prefremontii, Cuercus wislizenoides and Populus sonorensis in the

order listed; they account for fully 85 per cent of all material
examined. These dominant species all have heavyetextured leavess

the sediments are generslly too eoarse to have preserved many of
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the thin- and medium~textured leaves which belonged to plants near
at hand. Owing to this highly selected nature of the material
representing the Anaverde flora, it is neturally difficult to give
either an exact paleoecological interpretetion or to suggest
definitely the age of the flora,
PHYSICAL COUDITIONS

The general nature of the vegetation and clim-te in the
Aneverde ares may be interpreted from o compsrison of the fossil
flora with modern wegetation resembling it most closely. Relation-

ships between /naverde species and living plants are as follows:

Anaverde Species Similar Living Plants
Ceanothus precuneatus Ce cuneatuas Nuttall
Colubrina, new species Ce glabra S. Vatson
Dodonaes californica Ds viscosa Linnasusg
Mahonia marginata Me fremontii (Torrey) Fedde
Palm rays ? Washingbonia & Sazbel sppe
Persea coalingensis Pe pododania Blake
Pine cone-scale Pinus sebiniana 7 Douglas
Populus pliotremuloides P, tremuloides Michaux
Populus prefremontii Pe fremontii Watson
Populus sonerensis P, monticola Brandegee
Quercus cf. dispersa Qs dumosa Nubtall
Quercus of., orindensis Qe vaseyana Buckley
Quercus wislizenoidss Qe wislizenii A. DeCandolle
Quercus, new species Qe amoryi Torrey
Rhamnus moragensis Re crocea Nutiall
Rhus prelaurina Re laurine Nutbtall
Robinia ealifornieca Re neomexicana Gray
Salix wildeatensis Se lasiolepis Bentham
Sapindus oklahomensis 8e drummondiil Hocoker & Arnott

Hearly all of these trees and shrubs most nearly related to the
Anaverde fossils live today on the borders of the Sonoran Desert.
The majority are found in the transition between pine-osk woodlend
and chaparral of the upper desert slopes snd the desert-border

associations of lower levels. Such ecotones sre cowmon on dssert
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slopes in southeastern California, southern Baja Californis,
southern Arizona and in westecentral Sonora. A study of this
related modern vegetation suggests the Anaverde basin was domine
ated by en oak woodland and savamma, with chapparral on edjacent
slopes. Along streams were willows (Salix), eottomwoods (Populus)
and evacado (Persea), with chinaberry (Sapindus), locust (Robinie)
and perhaps palm in lesser numbers. Shrubs of the thorn forest
which had dominated this ares in the iiogene apparently hed e
limited occurrence in the region. Rainfall averages about 15
inches yearly in areas where modern vegetation shows relationship
to the Anaverde flors and a good portion of it im received in
summer-time. It is suggested that precipitation was not greatly
different in Anaverde time; this differs from the present raine
fall regime in having about 8 more inches ysarly precipitation and
sumner reins. Hodern vegetation on the borders of the fonoran
Desert also lives under a climute having mush milder winters than
those now prevailing in the Anaverde region.
AGE

The Anaverde flora is clearly younger than the Middle Miocene
Tehachapi flora 40 miles northwerd (Axelred, 1939) and the late
Upper lMiocene Mint Canyon flora 20 miles westward {Axelrod, 1940a).
The Anaverde has only 2, possibly 3, speecies representing the
Sinaloan Component (thorn forest) which is common in both the
Tehachapi end Nint Canyon floras and not now known to be abundant
in younger floras of interior southern California. Fossil species

of the Oak Woodland Component with descendants now found in areas
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to southward also are more comron in both the Tehachapi and Mint
Cenyon floras. This alse points to the postelioscene age of the

Anaverde for these types of plants were reduced here in numbers

following the Wiocene,

The Lower Pliocene Ricardo flora, lying 50 miles northward,
is smaller them the Ansverde and ell of its & known species are
represented by fossil wood (Webber, 1933)s Both floras have an
important Oak VWoodland Component and wost of the Richarde species
elso find their nearest modern equivalents aleng the borders of
the Sonoran Desert to southward. Three Ricardo plants, the live
oak, pine and locust, are related to Anaverde species and the
floras do not appear grestly dissimilar from the standpoint of
the stage of development of their floristic units insofar es
these can be evaluated. Ve have emphasized elsewhere that stage
of floral evolution provides the closest measure of age in late
Tertiary time {Axelrod, 1938; 1939; 1940b; 1944a). From the evi-
dence at hand we see every reasn for considering the Anaverde and
Ricardo floras as essentially contemporansous; the absence of
Ricardo tuffs in the Ansverde formation may be an indication of
its slightly younger age.

There are no known Hiddle Pliocene floras in the lohave area
with which to compare the Anaverde. However, Middle Pliocene
floras providing general floristic date for use in age determina=
tion of the Anaverde sre in the central and northern Great Basin
provinces. Studies there have shown that the deminant lLower

Pliocene oak woodland of the central Great Basin and the character-
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istic montene forest of the northern Great Basin were modified
considerably by Middle Pliocene time as the climate became drier
(Azelrod, 1940b; 1940cs; 1944b). In their place we find that
Widdle Pliocene vegetation occupying the lowlands over the Great
Basin province consisted largely of riparian species in semi=-
arid open country belew the zone of woodland and forest, and re=-
sembles that found today a2t no great distance from the fossil
locelities (Chaney, 1938; Axelrod, 1944b)e It is believed that
if the Anaverde were Middle Pliocene in age it would show a
greater resemblance to stream~bank and border-woodland vegetation
near at hand, end would also have fewer species whose modern equive
alents are found today in arees of summer rain to southward. e
thus suggest that if the Anaverde is Middle Pliocene it probably
belongs to an early part of that stage.

Additional evidence for a late Lower to early Middle Plio=
cene age for the Anaverde is supplied by the Middle Pliocene
Mount Rden flora, situated 80 miles southesstward in interior
southern Celifornie (Axelred, 1937)s On the basis of new collec~
tions made at Mount Eden, only about 6 of its 40-odd species have
their nearest equivalents in the southwestern United States and
northern Mexico, and none of these is common in the flora; all
remaining Mount Eden species ¢losely resemble plants living
within a few tens of miles of the foseil locality. Thus it is
agein reasoned that if the Anaverde were of Mount Eden age it
would be expected to have fewer species with egquivelents in areas

to southward, and to display a greeter relationship te modern
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vegetation in the bordering mountainse. The larger representetion
of these former types inm the Anaverde therefore is interpreted as
indicating it is older than the Mount Eden flora.

Summary: From the limited and highly selected nature of the
plant evidence, we suggest that the Anaverde may be intermediste
between the Ricardo and Hount Bden floras in age, or that it is
probably transitional Lower to #iddle Pliocene. It is emphes-
jized that a more adequete and representative collection might
well alter this tentative age aszigmment.
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Harold beds

49
South of the rift in the Pearland gquadrangle Gazin has

49/ Gazin, Cs L., unpublished report.

found fine gravels, sands, sandy clay, and limey beds which overlie
the Cajon formation and contain Pleistocene vertebrate remains.

He has oalled these sediments the Harold beds after the station of
that name on the Southern FPacifie railwaye. Gazin reports that
south of the rift this formation extends into Leonis Valleye. The
outerops which he presumably correlated with the Harold beds have
in this report been mapped as Ansverde sediments, Little evi-
dence could be found to distinguish them from the Anaverde sedi-
ments, and inasmuch as some Anaverde sediments do c¢rop out near
Elizabeth Leke school south of the line of recent faulting, there
seemed to be no justifiesbion for making a distinction which
would earry such strong geologic implications until further
evidence was found. It should, however, be kept in mind that some
of these sediments in the rift zone are probably correlatives of
the Pleistocene Harold beds.

Terrace gravela

Gravels composed almeost entirely of Pelons schist detritus
have been reised to terrace situations on meny fault blocks in
the San Andrees rift area, The gravels are characterized by
flat pebbles and cobbles of micaceous schists end white milky

quartz. Inasmuch as the source of this schist meterial was almost
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certainly the block of Pelona schist south of the rift,the
eastern limit of which is approximately two miles west of Palme
dale reservoir, the present distribution of the gravels with
regpeet to the rift is most significents South of the rift the
grevels sgpread in broad alluvial fans at the base of Sierras
Pelona ridge, and patches of the gravels sre present eastward to
the vieinlty of the SJoubthern Pacifiec railwey tracks. YNorth of

50
the rift, however, Gazin has found the gravels 5 or € miles

50/ Gazin, Cs Le, unpublished report

east of the rallroad tracks, Gazin has also pointed out the faet
that the most easterly terraces of schist composition sre ap-
parently older and are covered by younger granitic gravels. It
is hard to escape the implication of these facts; that the

north side of the rift has moved a distance of 5 or 6 miles

east with respeet to the south side, and that the granitic
gravels overlying the schist gravels were deposited as the north
side of the rift moved past areas south of the rift which were
casting grenitic debris. This distribution might be explained
as fluviael distribution by streams flowing eastward along the
trough zone as in Leonis Vallsy at present. If this had been the
case, however, the other blocks east of the Pelona schist should
have contributed to the gravel, and the gravels then would not
be so predominantly Pelona schist detritus.

The irregular local distribution of Pelona schist gravels
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supply further indication of disruptions of drainage by repeat=-
ed faulting. TFor example, Pelona schist terrace deposits rest
on both the ridges bordering the mouth of Anaverde Valley, indi-
cating that the drainage through that pass at one time earried
chiefly Pelona sehist material, whereas now a great deal of gran=-
itic debris is present in the bed of Anaverde Creek.

The terraces capping the center-trough ridge in lLeonis Vale
ley are mostly of Pelons schist derived from the Portal Ridge
bloek to the northe The lowest part of the trough in thie area
therefore, haos apparently been for some time, as it is at pre-
sent, south of the lines of recent faulting,

The Pelona schist gravels are probably of late Pleistocene
or early Recent age. They overlie fossiliferous Harold beds
of Pleistocene age, but are faulted, tilted and even folded
(see plsl9). The purity of the schist gravels suggests a
rather sudden uplift of the Pelona schist block as & single unit
s8¢ that the amount of schist cast into the drainege channels
would far exceed any debtritus that might be derived from areas of
other types of rocks.

In the Bougquet Canyon and Mint Canyon areas south of Sierra
Pelona Ridge, similar Pelona schist terraces cap ridges and rest
at altitudes several hundred feet above present drainege levels.

Most of the terrace dsposits mapped as "undifferentiated"
represent detritus from the blocks immediately adjecent to them,
and in most cases they are the result of recent rejuvination of

drainage.



On the block of diorite and grainite approximately one mile
south of Palmdale reservoir, patches of water-worn gravels are
present at altitudes over 400 feet higher then that of Palmdale
reservoir basin., It would be expected that unconsclidated
gravels at that height would be eroded very rapidly so that the
vplift which raised them to that altitude must have been very
recent.

Further discussion of terraces may be found in the section

on geomorphologys
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GEOMORPHOLOGY

Geomorphic divisions and general statement

There are four major geomorphic divisions in the area mapped.
On the map (ple I) they are essentially long narrow zones strike
ing Ne. 66° W, parallel to the San Andreas rift. The most
southerly and highest is the range of mountains broadly known
as the Sierra Peleona mountains. This includes Grass Hountain,
Mte MeDill and Sierra Pelons Ridge. Mapping was ecarried south
to crest of this range. The next division to the north is the
trough zone which marks the trece of the San Andreas rift. North
of the trough is a ridge zone made up of Portal Ridge, Ritter
Ridge and other smaller, unnamed ridges. The Mohave Desert forms
the northermost zone.

The trough zone and the lMohave Desert are essentially zones
of agpradation, whereas the Sierra Pelona ilfountains and Portal
end Ritter Ridges are zones of degradation.

The drainage of the Sierra Pelona block in general follows
the structure of the bloek so that the mejor streams tend to flow
eastwerd and northeastward diagonally with respect to the trend of
the ridge. In the trough all drainage is parallel to the rift,
flowing either . 66° W, or Se 65° Ee Between Elizabeth Lake and
the Southern Pacific Railroad the drainage crosses the ridge on
the desert side of the rift at only two places, both near the
eastern end of the area. A portion of the drainage from the

Sierra Pelons NMountains gone has no outlet to the desert area
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but is ponded in Eligzabeth Lakes

A low ridge is present in the center of the trough zones
This ridge es well as sag ponds, terraces, scarplets, disburbed
drainage, and other features are the result of repeated faulte
ing along various members of the fault system making up the Sen
Lpdreas rift.

Terraces snd old erosion surfaces are present on top of most
of Portal and Ritter Ridges and an old erosion surface is recog~
nizable on Sierras Pelona Ridge.

Wind geps in the ridges are evidence of disturbance of major
drainage patterns.

The geomorphic history is very complicated and each ine
dividual tectonic block has had, more or less, an individual

historys.

Drainggg.pattern in upper Santa Clara
River vValley and Sen Andress rift area

The history of the drainage in the upper Santa Clara River,
San Andreas rift and adjacent portions of the Mohave Desert has
been complicated by frequent and repeated shifting of tectonic
blocks both vertically end horizontally., The drainage pattern
itself gives & clue to some of the most recent tectonic events.

On the dreinsge map (ple Il ) the most striking geomorphie
feature is the San Andreas rift zome which cross cuts all other
geomorphic trendse The divide between the lMohave Desert and the
Sante Clara River is asymetricale The presence of this divide so

close to the rift is evidence of vertical displacements in the
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Plate 12,

Ao

Be

View of head of Santa Clara river.
Photograph looking soubtheast over old
alluvial surface at head of Santa Clara
river. Note mebure topography of old
surfaece in middle distance and youthful
topogrephy of San Gabriel mountains in
distance, Valley im foreground drains
into lohave Deserts

View of alluvial slopes of the HMohave
Desert at the base of Portal Ridge.
Photograph looking southeast with
Portal Ridge to the right and the

San Gabriel mountains in the distences
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rift zones This asymetry extends to e point a few miles east of
Vincent where the drainage divide swings south away from the
Moheve Desert.s This, of ecourse, is the result of the uplifting
of the Sen Gabriel block and development of youthful drainege en
both north and south flanks.

Another prominent feature shown on the drainage map is the
two stages of alluviation separated by a zone of canyon develop=
ment in the Santa Clara River drainage. The headwaters of the sys-
tem are in e relatively mature stage of development and as yet are
relatively undistrubed by the rejuvenation which has caused the
development of cenyons in lower parts of the rivers.

Other features of interest include the horizontal offset of
stream channels due to horizontal displacement on the San Andreas
rift and the reversal of drainage near Vincent as indicated by the
acute angle of tributaries pointing upstream and the wind gap of
Soledad Pass.

In the eastern part of the area mapped, from Soledad Pass
(but excluding the pass itself) west to Bouquet Canyon Pass, broad
alluviated valleys are present on the south side of the lohave
Desert~Santa Clars River drainage divide very nearly to thé divide
itself, but on the north side there are steep canyons. It can be
inferred thet the divide is migrating southward. This situation
of drainsge suggests vertical displacement along the rift and a
comparison of altitudes of alluvieted valleys on either side of
the divide suggests that this displacement in recent times nay

have been of the order of 400-500 fect,
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Plate 13 ®

Seg ponds along the Sen Andreas rift.

Ae Palmdale reservoir, in part a natural
basine View looking southeast aleng
regent fauvlbeline scarp which forms
north edge of Palmdale reservoir.

Be Eligabeth Lake looking northwest.






West of Bouquet Canyon the major drainage divide is more
stationary in position, because Elizabeth Lake Valley and Leonis
Velley are not adjusted to the lohave Desert level but are ape
proximately 400 to 700 feet higher thus providing a temporary
base level which isclates the drainage from the main divide from
the effects of rejuvenation.

The main recent vertical displacement has teken place along
& line obscured by alluvium of the Mohave Desert, but the sanyone
like walleys on the morth side of Portal and Ritter Ridges are
clear evidence of this vertical displacement. The drainage
divide at the crests of Portal and Ritter Ridges therefore is
moving southwestwards

Near Vincent large tributaries of the Sarta Clara River enter
the main channel of the river and make an acute angle with the
downstream portion of the river, This feature strongly suggests
that the headwaters of the Santa Clare at one time {lowed north-
ward through Scoledad Pass, Indeed, Soledad Pass is broad and
alluviated and undoubtedly was formed by a relatively large
dreinage channel, although now no water flows through the pesse
In this regard, it is interesting to note thet the U, S. Geole
ogical Survey topographic mep of the Elizabeth Lake guadrangle
mapped in 19156 shows drainage flowing through the pass. The
drainage divide at the pass is so low that it is not impossible
that the drainage has shifted since the map was made. The re=
versal of drainnge of these two tribubaries is due to a2 ceombina~

tion of uplift along the rift zone, thus shifting the divide
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northward, and increased gradient of the Sente Clara River which
is causing erosion of deep gullies and arroyos in the older ale
luviume VWhere the drainage divide was previously is uncertain,
but it possibly followed the approximete location of the ridge on
the north side of Aliso Canyon end the ridge on the northwest
side of the Santa Clara River approximetely 2 miles downstream
from Vincents

The canyons developed along the drainage of San Francisguite
Canyon, Bouquet Canyon, Mint Canyon and the Santa Clare River all
ere in approximately the same reletive position on each stream
end together form what might be called a canyon zones This zone
trends northwest so that it approaches the rift at the west end
and is approximately ten miles south of the rift at the east end.

Uplift which caused the canyon development did not take
place along & single fault, but rather along a zone of faulting.
The principal faults strike approximately east northeast but are
connected by smaller cross faults, The Pelona Fault crosses

51/
Bouguet Canyon et the mouth of the canyon section, and a

%1/ Simpson, Es Ces Geology and Mineral Deposits of the Elizae-
oth Lake Quadrangle, California: 13th report of the state
mineralogist, mep, 1934.

similar feult crosses Mint Cenyon at the mouth of its canyon sec-
tions 4 fault follows the canyon portion of the Santa Clara River

52
soveral miles, The rivers have cut into this uplifted zone and
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52/ Kew, We Se We: Geology and 0il Resources of a Part of Los
Angeles and Ventura Counties, California: Ue. S, Geols Survey,
Bull. 7853, ple I, 1924.

the canyons are being extended headwards The headwaters of Hint
Canyon and the Santa Clara River are just beginning to be af-
fected by the rejuvenation and the older alluvium is being dis-
sected to form terraces. Precluding any further tectonic movement
the streams would again become adjusteds It would be possible
for the Santa Clara River to cut headward through Soledad Pass
and into the lohave Deserts The uplift causing canyon develop=-
ment probably preceded the uplift along the rift which caused
reversal of the headwaters of the Santa Clara River. This is
suggested by the more advenced stage to which erosion had pro-
gressed in the canyon gzone,

Offset streanms

The prineipal evidence of horizontal displacement in the past
along the San Andreas riif't is the offset chennele of streams whieh
flow across the rift. Ixamples from all sections of the rift

53/
length have been described by verious investigetors. Gazin

53/ Gazin, Cs Le, unpublished report.

described the offset of stream channels in the Pearland quadrangle.
Little Rock Creek, shown on the drainsge map (pls 11), is cne of the

best examples of offsetting in the Pearlend area and shows & hori-

zontal displacement of over & mile and a halfe The displacement
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is sueh that the portion of the channel north of the rift is offset
to the southwest with respect to the portion of the chsmnel south
of the rifts This is the typieal situation on all parts of the
rifte

The drainage of Anaverde Valley also suggests horizontal
displacements If the drainage pattern is a result of the ridge
aréa on the desert side of the rift moving horizontally, the dire
ection of movement eclearly would Yeve been such that the neorth
side moved eastward with respect to the south side, and the smount
of offset suggested would be approximstely two and e helf miles.
It is very possible, however, that at least the westernmost of
the tributaries of Aneverde Creek (see ple 1) flowed aeross
what is now & low ridge and out of the desert through the mouth
of Leonis Valleys The granitic block north of the rift whieh
lies ecross the trepd of these channels may have been uplifted
vertically asress the drainage thus shifting the flow to the
easts The ridge, however, sppears to be a much older feature
than the stream chamnels sgo that the pattern is more easily ex-
plained by lateral movement along the rift.

In the Leonis Valley srea drainage from the Sierra Pelons
Nountains has been demmed for some time by Portal Ridge so that
it has had to flow northwestward or southeastwsrd parallel to
the rifts The present mouth of Leonis Valley mey represent the
mouth of Bouguet Canyen drainage offset to the easts It may on
the other hand be the result of a stream cutting southward from

the north side of Ritter Ridge end cepturing the Leonis Valley
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dreinage much as was the case in the Hitehbrook fault valley,
(see p. 64).

Drainage from Portal Ridge into Leonis Valley also suggests
horizontal displacements. For a distance of & mile or more west
from Leoris school along the senter-trough ridge notches in the
ridge represent old channels through which drainage from Portal
Ridge floweds From the map {ple 1) it can be seen that the noteches
do not mateh the valleys on Portal Ridge. If the center-trough
ridge were shifted east approximately 250 yards the notches and
velleys would mateh much betters It seems very likely that the
present situation has been brought about by a horizontal shift-
ing along the rift.

Approximately one and two=-thirds miles west of the mouth of
Leonis Valley a streem joins Leonis Valley from the south side.

It displays a strong suggestion of horizontel shifting of approxe
imetely 600 yards, with its mouth being offset that distance

east of the rest of its valley. Nany other examples, net guite as
apparent, might also be mentioned.

Wind gaps and stream capture

Soledad Pass is a prominent wind gap (see pb 11) which has
been caused by reversal of drainage. Other low saddles in the
Mohave Desert~Santa Clara drasinage divide may also be due to re-
versal of drainage. The saddle approximately one and three-quart-
ers miles southeast of the Blizabeth Lake school (see pl. 1) at the
head of Dowd Canyon is very low and wide and the stream f{lowing down

the north side of the divide is epparently underfit. This suggests
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copture of headwaters of the stream by the Dowd Canyon drainages
It may, however, be a feature of mature topography which has been
preserved from an earlier cycle. Leonis Valley acts as a tem=
porary base level on the north side, and on the south side the
canyon portion of San Francisquito has not yet reached the divide.
The divide at the head of Sen Francisquito Canyon is also low but
is probaebly due to the streams om the north and south sides cub~
ting headward against each other as they both erode the same fault
zones The pass at the head of Bouquet is also & low divide and
like that at the head of San Francisquite Canyon is probably due
chiefly to erosion slong & fault zone.

Between the valley which follows the Hitchbrook fault and the
Mohave Desert several broad valleys with underfit streams gut the
intervening ridge. It is quite evident that these are the result
of stream capture., Originally the stream following the Hitchbrook
fault probebly flowed more then two and a half miles farther east
then at present before entering the Mchave Desert, At that time
sonsequent streams were dissecting the fault line scarp along the
north side of Portal Ridge. The first stream west of the mouth
of the Hitehbrook fault valley, having less distance to erode south-
weard before intersecting the Hitehbrook fault welley, would be the
first to capture the drainage of the fault velley. As erosion
proceeded the consequent streams to the west would in turn fin-
ally reach the fault valley and capture the drainage of the head
of the valley. The present channel followed the drainage probe

ably is a result of at least the fifth capture of the Hitchbrook



Plate 14, VWind gaps in the ridge south of the San
Andreas rift,

he View taken in the broad saddle of
Soledad Passe There is no drainage
through this gap at present. Builde

ings in middle distance constitute the
town of Vincente

Be View looking southwest at e wind gap
in Sierre Pelona Ridge a mile southe
exst of Sen Franecisquito canyone
View is looking across the fault
trough and shows the typieal topo-
graphy and vegeltation.
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fault valley drainage by streams cutting headward from the north
side of Portal Ridge.

Apparently the same thing has teken place along the fauld
which branches from the Bouquet Canyon fault a little more than a
mile south of Leenis Schoels A trough following this fault cuts
diegonnlly to the trend of the range. Probably first the drainage
in this trough flowed esst to a point near where the Bouquet Canyon
road now turns sharply to the north into Leonis Valley. The
stream followed by 87th Street first capburedthe drainage. Finally
the velley three miles west of Leonis School was cut headward te
the south until it intersected the fault valley drainage end be=-
headed the streem. Part of the drainage to the east was inverted
and part still drains out the 87th Street valley.

The Hitchbrook fault valley will eventually be eroded headw
ward and will intersect the basin of Elizebeth Lake, Elizabeth
Lake, however, will probably first be drained by the stream fole
lowed by the Elizebeth Lake~liillow Springs road.

The trough which marks the trace of the San Andreas rift over
mach of its length is especially prominent in the area studied,
The alluviated bottom of the trough is over a mile wide in places,
and the crests of the ridges on either side are of the order of a
thousend or more feet above the troughs In that part of the
trough kmown as Leonis Valley a prominent ridge follows the cen-
ter of the trough for over ten miles. The cause of the trough
is probably due to s combination of erosion along the fault zone

and downdropping of individual blocks due to lecal tensional
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stresses plus the action of gravitye In the area mapped it is
suggested that erosion is by far the most important of the two
Processes.

As two large tectonic blocks such as Portal Ridge and the
Sierra Pelona Mountains were being forced upward by lateral come
pressional foreces, it would be expected that any narrow band of
rocks, such 2s the rocks of the fault zone, between the bloecks
would be carried upward along with the larger blocks. The gouge=~
like portions of the fault zone would also tend tc be squeezed
upward in the path of least resistance so as to form ridges ebove
the fault zone. The ridge of gouge material near the west end of
Palmdale Reservoir could represent an example. The center-
trough ridge, as explained elsewhere, is possibly a result of
such action.

Contrasting these tendencies toward upward movement of the
rocks of the fault zone are the effects of erosion and gravity-
slumping of blockss In the ares studied few of the sag ponds
present can be definitely ascribed to downdropping of individual
blocks. Hany appear to be more likely & result of damming by
vertical displecements along faults crossing drainage channels.
Palmdele Reservoir and Una Lake basins, discounting the effects
of man, probably recresent good examples of sag ponds due to
downdropping of a fault block, and yet the Palmdale Reservoir
basin would drain into the lohave Desert if the ridge between the
reservoir and the desert were not present. The block underlying

Elizebeth Lake also represents a good example of a downdropped
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Plste 15. Views of the trough of the San Andreas
rift,

Ae TView looking southeast along Anaverde
Valleye UNote the series of scarplets
following the middle of the valleys

Be View looking northwest along the lower
portion of Leonis Valleye The mouth
of Leonis Valley is in the lower right
hand cornere Note the fault line
scarp along the ridge et the right.
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block, or at least a block which hes been elevated less than the
surrounding tectonic blockss The basin forming Elizabeth Lake is
actually over 500 feet above nearby portions of the Mehave Desert.
The pond three and & half miles southeast of Elizabeth Lake
school (see pls 1 ) is undoubtedly due to damming of the drainage
from Portal Ridge by the uplifting of the center-trough ridge.

Erosion proceeds relatively rapidly in the fault zone where
fault gouge is present. Such ease of erosion along faults is dis-
played by many fault velleys in the arezs Approximately half s
mile south of the mouth of Leonis Valley two recently formed
valleys are being cut sastward and westward along the fault in-
stead of south into the uplifted basin of Anaverde Valley as
might be expected. Faults such ns the Hitehbrook fault eand the
Bougquet Canyon fault and branches have lecalized the development
of prominent valleys which almost certainly are due principally
to erosione.

Precluding any differential resistance to erosion, all the
scarplets developed on recent faults cause drainage to flow para-
llel to them and that together with uplifting of the zone as a
whole tends to entrench the streams in the fault zone. Streams
forming on sn initial slope seek out any irregularity that might
be present. Certainly a fault such as the Bouquet Canyon fault
would cause & prominent irregularity éven on an unseven slopG.
Stresms would tend to follow such an irregularity even if the rocks

and fault zone all offered equal resistance of erosion.
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Therefore, with little real evidence of true down-dropped
fault blocks end with meny suggestions of differential erosion
snd entrenchment aleng the fuult, it is believed that ercosicn is
the more importent of the two trough-forming agencies.

Origin of the center-trough ridge

The ridge which is present in the center of the fault trough
zone for a distance of over ten miles is obviously an upthrown
bloek bordered by twe fasults of the San Andreas systems In one
place one of the faults is exposed in e stream cut~bank (see p. 86
and pl. 21) so that it could be seen that the bloek forming the
ridge is definitely faulted upwards The‘upthrowing of a bleck
in the center of a physiographlecally low zone suggests that the
faults along which the upthrow has taken place represent merely
components of the major fault zone and that the upthrow of the
block is of a secondery cheracter in relation to the major dise
placement.

A possible cause of the "center-trough ridge", as it may be
called, is diagrammed in plete 16, The sequence of evenlts would
be as follows:

Beginning as shown in plate 16 A, & wide zone of fractured
rock and essentially fault gouge could be @oded eway, the eége
of the adjoining blocks beveled off and deposition of sediments
on the floor of the walley to form a situation as pictured in
plate 16 Be Lateral compressional components of any later
forces exerted would cause the meaterial of the gouge zone, acting

in a plastie~like manner, Lo be squeezed upward in the dirsction
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Plate 16 Diagrammatic sketch of trough zone and
center-trough ridge. Refer to text
{page 68) for explanabione






Plate 17, Views of recent scarps along the San

Andreas rift.

Ae View looking southeast from a point
4 miles southeast of Elizabeth Lake

ghowing typical recent feult scarp and
sag pond.

Be View looking nortlwest from a point near

Ritter Ranch showing recent fault scarp
and typicsal topography along fault trough.
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of least resistance. This would cause the central part of the
sedimentary band above the gouge zons to be faulted upward as

is shown in plate 16 Ce Over a long period of time erosion would
cut down the trough end center-trough ridge more rapidly than
would the gouge matericl be forced upward, so that the trough
feature would predominate over the ridge feature. At eny given
instant, however, the center-trough ridge might be present due
to the recency of uplift above the gouge zone, but it would lie
within the trough, and, in the normal ease, its erest would be
much lower than the crests of the twe blocks on either sides The
fact that the sediments deposited in the trough would be wider
then the actusl fault zone might account for the broad valleys
that are commonly present between the center-trough ridge and the
blocks on either sides There would not then necessarily be any
faults along the edges of the valleys to aecount for the width of
the valley floor, although commonly that is the case. It would
also be expected that at some time the overlying sediments would
be removed and that gouge would be exposed inm the ridge. Vihat
appears to be an example of just this is present west of Palmdale
reservoir.

When the fault gouge is squeezed upward the two blocks on
either side naturally move toward each other. This would cause
buekling end thrust faulting in the sediments of the troughe The
tendency of the gouge zone to become narrower and narrcwer due to
the two blocks being forced together would be compensated for by

addition of gouge material from the opposing faces of the two
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blocks during periods of strike-slip displacementss Inssmuch as
the strike-slip component of motion is the principal one, the
gouge zone would be adjusted to a width that would accommpdate that
movenent.

The diagrams (pl. 16A, B and C) fllustrating the possible
mode of formation of the center-trough ridge suggest that the sedi-
ments in the trough would be derived from the blocks on either
side« It is significant then to note that no fragments of Pelona
schist which borders the trough in most of the area investigated
were found in any of the exposures of Anaverde sediments between
Elizabeth Leke and Palmdale reservoirs This problem is discussed
in another section of the paper (p.. 101 ),

Terrace deposits defined

The broadest definition of a terrace might be, as Webster
defines it, merely "a raised level or platform of earth", TFor
geological purposes a more specific definition is necessary.
Indeed, it is at once apparent that many types of geologic fea-
tures are included under the general term "terrace", and that
subdivisions of the broad term must be defineds There are ape
parently two rejor geologicises of the term that are essentially
different and must be separated before further limits are applied
to speeific types. One use has been made in referring to a "tere
race surface" which is two dimensional in nature, such as an
erosion suraces The second use is made in speaking of a "terrace
deposit".

The regquirements in setting up limits of various subdivisions
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Plate 18, Diagrammatic sketches showing origin of
terrace depositss Refer to text (page 71)
for explanatione
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of the two dimensional feature are quite different from the

types of limits that can be applied to deposits. The subject

of classification of the first type has been discussed in many
papers, but apparently the problem of determining the eszential
gualifications of e mapible unit that can be called "terrace
deposit” has not received much attentions Inasmuch as the "plate
form™ or surface is the essential characteristic of a terrace,

a bterrace deposit gualifies for inclusion under the term "terrace"
only because it is commonly related to a "terrace surface.

The essential qualities which distinguish en individual tere
race deposit from other deposits are first; the elevated nature
of its surface ebove the originel level. This subjects 21l the
materijal raised ebove the original plane to erosion. Sesondlys
inesmuch as the deposit is to be considered a geologic formation,
the meterial deposited must represent a specific period of time.
The end of that period of time is marked by the change which
places the deposit in a terrace categorye.

In plate 18 an attempt has been made te diagrem the sequence
of events that take place after alluvial material hes besn up=-
lifted along a fault end placed in & terrace situation. Plate
18, 2 is a diagrammatic sketeh of a situation in Anaverde Valley
which was one cese observed in the area mapped that raised the
problem as to what econstitutes the boundaries of a terrace
deposite.

In plate 18, 1 the area south of the fault has been raised

and the north side depresseds All the alluvial materisl from
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the fault south to the bedrock outerop and east Lo the drainage
divide between the eastermmost two streams is placed in a differe
ent situation than the remeining alluvial materiel in thet it is
raised and therefore, is subject to erosion.

In the cross~section only the material above the plane teo
which erosion will cut as 8 result of the uplifting can be cone
sidered terrace materials The portion below that plane will
never be in a terrace situation es a result of the one movement
along the fault,

In plate 18, 2 the fault socarp has been eroded back from the
fault and the streams have cut headward into the terrace. The
disturbance of grade has not yet been felt in the headwaters of
the stream and alluvium is still being shed by the mountain
slopes and deposited as an "apron“ (plete 18, 3 "a") on top of
the terrace deposits. Because this alluvium is more recent than
the uplifting of the terrace, it cannot actually be classed as
part of the terresce deposit. Geologically this is a short per=
iod festure, but in en area such es that mapped, faulting is
so frequent that the situations being mapped are short period
features, and to be able to interpret the history correctly, dis-
tinetion of such features are sometimes necessarys

In plate 18, 3 the streams have cut headward se that the
original alluvium has been removed from the velley and redepos-
ited in the new lower aeres of deposition. The alluvium depos-
ited after faulting (plate 18, 3, "a") is also eroded and re-
worked. Vhen erosion begins to act on this post~faulting alluve

ium its situation is chenged se that it then fulfills the require-
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ments of o terrace deposit, If the situstion is such that the
distinetion betweer the pre- and post-faulting accumuletions of
materisl must be recorded, they may be mepped separabely, olher-
wise for convenisuce they may best be grouped and mapped as a
unite

As illustrated in plate 18, 3 the old alluvium~bedrock cone
taet has turned from making an angle with the vertex pointing
upstream to an angle with the vertex pointing downstreams. In the
field this fecture can be used to distinguish alluvial meterial
as being terrace deposit when other features were not ebvious.

Plate 17, 4 shows the terrace material completely isolated
from the other alluvial materials This is probably the most chare
acteristic situation for a terrace deposit and no difficulty is
encountered in establishing boundaries. 1In the earlier stages of
terrace formetion, however, theoretical camtacts may have to be
drawn if the terraces are to be mappede In summary then, the
tests whieh may be applied to determine the existence and boune
daries of a terrsce dsposit are:

1, 1Is the surface of the deposit essentially & raised

platform?
2. What portion, both in area and depth, is subjest
to erosion?
3¢ ¥hat portion of the sediment predates the change

which caused the terrace?
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Examples of terrace deposits

Putting these tests into practice brings out the fact that
in an ares of as frequent tectonie activity as that around the San
Andrees rift, a great desl of the alluviated areas can asctually
be classed as terraces. If certain features shown by the tere
races are to be emphasized on a map, not all of the terraces can
be shown without introducing an involved and cumbersome system of
subdivisions, Some terraces must necessarily be mepped as alluv-
ium and others grouped into a few classes of terrsce deposits.

The tests can be then applied to debtermine where the boundaries of
those few should be drawn,.

A half mile east of CGoode Hill Road om Ritter Ridge is a
terrace deposit whieh is perched seversl hundred feet above o
level that would be at grade with respect to the Mohave Deserte
In the upper portions of this drainage the effects of rejuven-
ation are not yet apvarent and the topography is in a mature stage
of erosion. The lower parts are being rapidly ecut into gullies
and there is a break betwesen the lowest terrace material and the
highest point to which the alluvium of the present cycle has ex~
tended up the valley. It is apparent that within a relatively
short time this material will be eroded awey, elearly showing the
recency of the uplift which last elevated Ritter Ridge.

A broad alluviated walley following the rift and draining
northwestward joins Leonis Valley a few hundred yards from its
mouths The eastern end of the wvalley is trunceted by erosion

proceeding along streams draining into Anaverde Valley. The
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alluvium of the present eycle in the lower parts of the valley
grades imperceptibly into deposits at the head which must be
classed as terrsces. . theoretical contact must necessarily be
drawn if the terrace deposit is to be distinguished on 8 map
from the alluvium. East of the present head of this walley
isolated terrace deposits are present for a distance of nearly
a mile, attesting to the fact that alluvium once was econtinuous
over that area. These terrsces are also indicative of uplift of
the block north of the rift.

A similar situation where alluvium gredes imperceptibly inte
deposits having a terrace situation is present approximately a
mile and a half west of Leonis School on and adjacent to the
center~trough ridges At this loeality a hill composed of Ana=
verde arkose on the center-trough ridge is surrounded by alluve
ive 'West of the hill the alluvium is brokem by the San Andreas
rift so that the alluvium north of the rift is actually ina
terrace situation with respect to the alluvium south d the rift,
East of the hill the displacement is not apparent so that the
two zones of alluvium grade imperceptibly into one anether. Om
the map no terrace is distinguished, but if a distinetion were
made, the location of 2 theoretical boundary would have to be
determined by the tests set forth in the preceding sections

Deposits of older slluvium are in a terrsce situation in
many places slong the borders of Leonis Valley, and were mapped
es "undifferentiated terrance deposits". The highest terrace is

at the west end at an altitude of approximetely 3500 feet ebove
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sea levels The altitudes of the terraces grede to approximtely
3000 fesct above sea level near Ritter Ranch in the eastern por=
tion of Leonis Valleys The rather even gradation in altitudes
suggests that the terraces are a result of uplift of the wvalley
area as & whole resulting in dissection of the old alluvial de-
posits. At present even later rejuvenation of the Leonis Valley
drainsge is causing the streams to eut headward and dissset the
more recent deposits of alluvium in the wvalley.

Erosion surfaces

Surfaces representing former periods of erosion are present
on most of the mountain and ridge blockse On the ridge area north
of the rift & series of erosion surfaces and terrace deposits are
presentes On the west eund above Elizabeth lLeke the old surface is
well preserved (pl. 19 B) and shows the advenced stage to which
the cyele of erosion had progressed. The altitude of the surw
face in this ares is approximetely 3700-4000 feet above sea
level or more them 1000 feelt abave nearby portiens of the
Mohave Desert.

Between Flizabeth Lake School and Goode Hill Road the erosion
surface on Portal Ridge is slso a2t an altitude of sbout 3700-4000
feet but is not as well preserved or extensive as west of Fliza-
beth Leke Sehools BRast of Goode Hill Road on Ritter Ridge the
surface is at an altitude of approximately 3300 feet, Farther
east at the esast end of the ares mapped an erosion surfece is
present om the block of inaverde shele & mile south of Palmdales

The altitude of this surface is only 100-200 feet above the lMoheve
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Plate 19, Views of Portal Ridge from Grass Mountain
lookout.

Be

Be

View looking northeast showing fault
trough and Portal Ridge in the distances

View leooking northwest showing dissected
nature of the Grass Mounbtain block and
the fault trough and Portal Ridge in
the middle distance. Note erosion sur-
face on the crest of Portal Ridgee The
Tehachapi lountains are im the distance.
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Deserte. Patches of terrace deposits composed of Pelona sehist
detritus are present on both sides of the mouth of Anaverde Creek
and probably represent the level at which eggradation was taking
place while the ridges were being eroded to produce the present
flet topse. These erosion surfaces and terrace deposits indicate
that recent elevation of the west end of the ridge zone has been
greater than the east end, possibly amounting to as much as 1,000
fzot in the western part and 200 feet in the easterm parte The
shepe of this erosicn surfoce sugpests that the present ridge
area was also & ridge during the erosion period which produced
the surface so that the ridge drained both into the lNohave Desert
and Leonis Valley.

Erosion surfaces in the mountains south of the rift are not
as prominent as on the ridges north of the rift. Vest of Bduquet
Canyon only & few flat tops are present om the mountains to suge
gest an earlier period of subdued relief. The orest of Grass
Mountain is one good example. The topography of this block is in
a late youth or early maturity stage of development. The situa=
tion is quite different east of Bouquet Canyon in that Sierra
Pelona ridge has & relatively flat top and on the north side an
even slope 1is preserved. This slope, however, now is being
dissected by recent rejuvenaetion of the drainage. The topo-
graphy of this block represents a recent cycle of erosion which
is still in early youth superimposed upon em older cyecle of
erosion which was in an advenced stage before the recent ele-

vatione
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Although the stage of dissection by drasinage would suggest
that the Grass Mountein block has been subjected te more recent
elevation than the Sierre Pelona block, the Sierra Pelone block
is actually higher. This suggests that at an earlier time the
Sierra Pelona block was elevated to & mush greater height than
the Grass Mountain block, so that new even after ercosiocn has pro-
coeded for some time, it still is higher than the elevation te
which Grass Mountain has been recently raised. This suggestion
together with the indication that the recent uplifts of the two
blocks has been different in emount and possibly different in
time indicates alternate uplifting of the two blockse Such site

vations apparently are common in end adjacent to the rift gone.
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STRUCTURAL GEOLOGY

General Statement

The most striking feature of the area mapped is the San
Andreas rift and the manner in whieh it cross~cuts the structural
trend of the bands of older rocks. lovement along the rift, at
least in recent times, has been such that the southwest side
moved northwest with respect to the northeast sides In the rift
zone itself a long marrow stringer of sediments is bordered by
feults which show evidence of recent displacements. These lines
of recent movement strike approximately N, 656° W. Faults branch-
ing from the rift or being cut by the rift, as the sase may be,
strike approximately east and bound most of the blocks bordering
the rifts Several reverse faults and thrusts are present and
most of them dip into the rift. Nost of the folds strike east
approximately parallel to the bands of older rocks. The tee=
tonle blecks in and adjacent to the rift are tilted, distorted,
and often breceiated.

Regent faults

Faults sorecent that their scarps ere essentially undis-
sected are confined almost entirely to the topographis trough
marking the Sem Andreas rifts Many of the associated faults sueh
a8 those branching ewey from the trough zone and those bordering
the lMohave Desert are also relatively recent, but in very few
cases are such faults merked by actual displecements in recent
alluvium as are those in the trough szone: Commonly, however,
these branch faults are followed by drainage liness This

would result in more rapid erosion of any topographie expression
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of recent faulting that might occur than would be the case in
many sections of the trough zone. In some places these faults
showing very recent activity are bordered on both sides by the
same lithologic type of rock suggesting no great magnitude of
displacement. In gensral, however, these lines of rocent movee
ment appear also to represent much older lines of faulting along
which repeated displacements have taken place. In a zone of
faulting of this magnitude the most recent of the faults, and,
therefore, the most easily traced topographiedly, would not nec=
ossarily represent the major break which is actually a composite
of immumerable fracturses slong each of which movement has taken
place at various times.

At the easternmost edge of the area mapped the most promin-
ent recent fault scarp orosses the Southern Pacgific Railroad
tracks at a point approximately two miles south of Palmdalee In
this area the scarp forms the northern border of Palmdale resere
voir. The nofth gide of the fault is upthrown so that the ese
carpment formed, which is approximately 40 feet high, faces
souths Anaverde srkose is exposed in the eroded scerp. Ome of
the few places in which recent faulting is actually exposed as
a contact between two rock formations is in the road-cut along
the Sierra Highway near the northeast corner of Palmdale reser-
voir (see pls 20)s The movement along this fault is apparently
slightly older than that along the fault which forms the scarp
just to the south inmsmuch as almost all of the topographic

expression of the fault has besn removed by erosion. The fault
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Plate 20, Roadeut near Una Lake showing feult cutting

Pelona schist terrags gravels and Anaverds
conglomeratic arkose.

Ae View showing overall reletionship of beds.
Note drage of Anaverde beds. Vertical
displacement of 20 feet can be seen ale
though little topographic expression of

this remains sbove this relatively recent
fault.

Be Detail view of feultes Nobe nature of

Anaverde sediments and Pelona schist
gravels,






Plate 2l. Views of regent fault on north border of
genter-trough ridge near Ritter Ranch.

A. General view of recent fault showing
Anaverde arkose, on left, faulted

into contect with Pelona sehist terrsce
grgvels on right. Line marks trace of
faulte, Fifty or more feet of vertical
displacement are represented.

Be Close-up view of fault showing gouge
zone. Anaverde arkese on left,
terrace gravel on righte.






brings Pelons schist Cerrace deposits and Anaverde arkeose inbo
contact. The minimum vertical displacement is epproximately
twenty feet as can be seen in plate 20. The Pfault is normal, and
the north side &§ the upthrown blocks

Approximately one mile morthwest from the Southern Pacifie
tracks the most recent movement appears to have teken place along
two branching faults spaced a few hundreds of feet apart. In a
few places the ridge can be seen to be composed of fault gouge,
and compressional forces possibly ceaused this plastic gouge materi-
ial to be squeezed upward to form a ridge. Any adjustment taking
place would most likely be made throughout the whole body of
gouge, over & width of several hundred feet,

At a point approximately cne-third mile north of Lakeview
where this line of recent displacements forms the south border of
Anaverde Velley, the fault scarp faces norths This scarp is con-
siderably more dissected by erosion than the one bordering Palme
dale Reservoir and perhaps was formed during an earlier movement
along the fault. Anaverde arkose is exposed in this dissected
scarp as in the scarp at Palmdale Reservoir. The presence of an
upthrown block first onm one side and then om the other side of a
single fault line is typical in the San Andreas rift,

Continuing to the northwest the fault is hidden by the al=
luvium of Anaverde Valley, but branching off from the mein fault
is a fault trace trending more westerlye. The scarp along this
fault persists for approximately s mile and a half to a point in

Anaverde Velley where it finally dies oubs This scarp faces



north and several seg ponds have been formed aleong its base, pre-
sumably due to subsidence of the block on the north side. During
periods of heavy rains these ponds become filled, overflow, and
the dreinage becomes integrated sc that the water flows out Ana~
verde Valley to the lohave Desert. For the most part the scarp
is formed in gravels derived from the Pelona scehist blocks BExe
cellent examples of terraces caused by faulting have besn formed.

Vest of the point where the main fault crosses Anaverde Vale
ley, it trends diagonelly at a very low angle across & ridge aref.
It is there marked by small seg ponds, pressure ridges, and val~
leys differentially eroded in gouge and shattered zones. The
south side of the fault in this area was spperently upthrown se
that the northern edge of the upper parts of Anaverde Velley was
tilted to the sputh. This has causged & greatly decreased gradie
ent in the streams draining from Sierra Peloms ridge into this
portion of Anaverde Valley, and has caused the lower sections of
these valleys to be aggraded and "drowned" with alluvium.

In the area where Amargosa Creek flows through a nerrow canyon
and where the two major blocks of Pelona schist are nearest toget-
her, the trace of the recent movement is indistinet, but eppars
ently is represented by a slight bresk in slope in the terraces
underlain by Pelona schist south of the creek, as well as by the
valley of Amargosa Creek itselfs Anaverde arkose crops out on
the south bank of Amergoss Creek in the western part of this
constriction of Leonis Valley. From the west end of this narrow

part of the walley to and beyond Elizsabeth Lake there are twe
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lines along which evidence of recent movement is present. These
two fault lines branch from each other and are then separated
by distances of from & few hundred feet to approximetely one-
third of a mile. The portions between the twe lines is for the
most part a ridge, but in many places where it crosses alluvial
areas no relief of the center block is visible. In such places
the fault traces can commonly be seen on airplane photographs
due to differences in color of the ground along the fault,
This difference in color is due to variastions of such features as
moisture content of the soil and differences in vegetation. Im
the field slignments of such features are not easgily seen,
Approximately half a mile north of Ritter Ranch the northerm-
most of the two fault lines is exposed in the cutbank of Amargosa
Creek (see pls 21)s The gouge zone along the fault is 8 « 10
inches wide and the fault is essentially vertiecal, with Anaverde
arkose on the south side and Pelona schist terrace on the north
side, This situation is present over the entire vertical range
in which the feult is exposed so that & minimum vertical dis-
placement can be estimated et 50 feets The south side is the
upthrown side of the fault. This does not appear to be a case of
epparent vertical displacement due to strike-slip movement, which
must always be considered in dealing with the San Andreas rift.
At this location and again approximately half & mile west
along the fault it cen be seen that the Anaverde arkose is probe
ably in contact with Pelona schist, In all other places alluvium

or terrace material obscures any possible contact between Pelona
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sohist and rocks of the center-trough ridges Even at the twe
localities mentioned & thin veneer of alluvium covers the actual
contacts The fact thet along this fault recent mevement has been
such that the center-trough ridge is the upthrown block seems
anomalous when it is also realized that Portal Ridge is topograph-
ically mueh higher end apperently a block that is horst-like in
nabure, and should, therefore, be the upthrown side. HKvidence
seems8 to indicate thet the center-trough ridge and its bounding
faults are essentially secondary features of the rift. The
formation of the center-trough ridge is diseussed in the section
on geomorphology (see pp. 68-70).

For a distance of approximately three miles east of Eligza=-
beth Leke school house the southern of the two recent feults ex=
tends diagonally across the center-trough ridge. The fault is
bounded on both sides by Anaverde arkose except for a short sec-
tion just south of Elizabeth Lake schoole<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>