











QUASI EQUILIBRIUM IN THE DRAINAGE OF THE PERRIS BLOCK

river, quasi equilibrium is fairly well estab-
lished. This branch, and the combined stream,
flow northwest through mountains and foorhiils
for 7 mi with an average gradient of 150 ft per
mi. San Jacinto River flows into and across the
San Jacinio Trough at an average gradient of 23
ft per mi, and then southwest across the Paloma
Surface at the very low gradient of 4 ft per mi.
In the bedrock of Railroad Canyon {north arm
of Canyon Lake) the gradient steepens some-
what, 1o 19 ft per mi, bur again flattens out in
alluvium before entering Lake Elsinore (Fig.
17). Occasional discharge from the lake is
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through Temescal Creek, which in the first 4 mi
falls only 4 ft per mi, as on the Paloma Surface,
but steepens o 15 ft per mi in Walker Canyon
and to about 35 fr per mi in the Elsinore
Trough, where coarse alluvium comes chiefly
from the Sanra Anz Mountains. The stream falls
70 ft in the mile-long bedrock gorge of the
entrenched meander at the edge of the Perris
Bilock, below Lee Lake (Figs. 4 and 17). The
gradient of the San Jacinto-Temescal River, on
and near the Perris Block, is probably nicely
adjusted to the rock resistance in the bedrock
strerches and w the pariicle sizes of the al-
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Long profiles of San Jacinto River-Temescal Creek and selected tribucaries.
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luvium in the alluvial stretches.

The flatness of the Paloma Surface, illus-
trated by the 4 ft per mi gradient of the San
Jacinto River, is made possible by the fineness
of the silt and clay carried bevond the sink of
the San Jacinto Trough. Also important is the
comminution of locally derived debris, under
the conditions of weathering and erosion that
prevail behind the rain shadow of the Santa Ana
Mountains. In the Lakeview Mountains, for ex-
ample, a drainage line (Juniper Flat ravine, Fig.
17}, which extends northwest {rom the vicinity
of Juniper Flat {on the Gavilan-Lakeview Sur-
face) to the San Jacinto River near Lakeview,
has a gradient concordant with that of the river,
dropping from about 130 ft per mi along its
rocky bed in the granitic mountains to 60 ft per
mi at its fanhead, where the last plutonic boul-
ders have disintegrated inte arkosic sand easily
carried by the stream ar a lower gradient. The
fan has bad 2 complex history that includes the
formation of a fanhead trench (Eckis, 1928),
but both the old and the active fanhead surfaces
merge downslope into the flatness of the
Paloma Surface. The Paloma Surface functions
as a local base level.

In the high, moist San Jacinto Mountains, the
streams carry numercus plutonite boulders,
and many of these boulders are stll present in
the very coarse alluvium of the San Jaciatwo
River along the fault valley followed by South
Fork, where the gradient gradually falls w 125
ft per mi (Fig. 17). The boulder beds come to
an end where the river debouches onto the low
fan at the southeast end of the San Jacinto
Trough, and the gradient becomes 35 ft per mi.

On the Pecris Block and in the Elsinore
Trough, the gradient of the San Jacinto-Temes-
cal River is determined by three local base lev-
els. The highest is the head of Railroad Canyon,
at about 1,400 fi, the next is the variable 1,220
to 1,265 ft elev of Lake Elsinore, and the lowest
approximately 500 ft elev at the junction with
the Santa Ana River. The tributaries of the San
Jacinto River debouching ontoe the Paloma Sur-
face (above Railroad Canyon) are all concord-
ant, Those between Railroad Canyon and
Walker Canyon (below Lake Elsinore) are few
and small. Those below Walker Canyon, dis-
charging directly from the Perris or Gavilan
Surface into the Elsinore Trough, are rather
sharply discordant. Dawson Canyon (Fig. 17),
for example, has cut deeply into the edge of the
Perris Block, traversing slate and metasand-
stone below 1,300 {1 elev and quartz plutonites
above that point. Above the canyon portion of
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the stream's course, between 1,800 and 2,000
ft elev, the profile is convex upward. Above
2,000 ft the drainage follows a very shallow
swale on the Gavilan Surface (Fig. 14).

Ne break occurs in the long profile at the
1,700-ft Perris level, but the Perris Surface is
lower in the west (se¢ Perris Surface) and may
be represented in this long profile by a slight
break at 1,500 ft elev.

The surface of the Gavilan is now being de-
graded very slowly. The pawches of probably
Pleistocene gravels previously described are
remnants of more contnuous swale fillings, or
possibly of a sheet that once covered most of
the surface. Between the alluvial remnants and
elsewhere on the surface, four rather complex
drainage systems occupy swales so shallow thac
most can barely be recognized. The deepest of
the four systems cuts 30 to 100 ft below the
plain and discharges north into Lake Mathews,
the others discharge west into Dawson Canyon,
south into Temescal Creek, and southeast into
the San Jacinto River. The divide between Lake
Mathews and Dawson Creek drainages can
barely be made out in Figure 14, extending
from the foreground hills across the plain w
conical Gavilan Peak. This divide is geomorph-
ically abnormal; Gilbert (1877, p. 116) wrote
that declivities “are steep in proportion as they
are near divides.” The surface of the Gavilan
plain must have formed under other drainage
conditions than those now prevailing.

The relation of Dawson Creek 1o the Gavilan
Surface is somewhart similar to that of Straw-
berry Creek 1o the high-level Idyllwild bench in
the San Jacinto Mountains. An outstanding dif-
ference is the minuteness of the drainage area
of Dawson Creek above the Gavilan and the
tens of square miles draining into Strawberry
Creek above [dyllwild. The Gavilan has lost the
headwaters area that made possible its erosion
to a flat plain.

Quasi equilibrium on the central past of the
Perris Block is made possible by exceptional
dryness behind the rain shadow of the Santa
Ana Mountains. A wet epoch would cause great
changes. It is true that sourceless Dawson
Creek might under any regime take tens or
hundreds of thousands of years o extend its
gorge to the Gavilan, but a moderate increase
in rainfall would invigorate the San Jacinto
River, fill Lake Elsinore, first with water and
then with sediment, and start a gorge at the exit
into Temescal Creek, East of Riverside, Syca-
more Canyon would be cut deep beneath the
Paloma Surface (Perris Plain of Woodford,



1951, p. 825). With sufficient rainfall, vigorous
through drainage would develop on the central
Perris Block, the present equilibria would be
upset, and the area would come to resemble
more closely the neighboring regions to the
north and south.

RELATIVE AGES OF THE EROSION
SURFACES

One hypothesis for the relative ages of the
erosion surfaces on the Perris Block would be
a direct correlation berween age and elevation
above sea level. The Magee Surface would then
be the oldest and the deep valley system the
youngest. This hypothesis is obviously false.
The deep valleys are pardally filled with sedi-
ments and the overlying, now-acuve Paloma
Surface must be younger. We must consider the
relative ages of all the surfaces, step by step, and
bring in the evidence from sediments and lavas.
We use a diagrammaric section (Fig. 18) to
show the relations.

The Paloma Surface, extensive parts of which
are now forming, probably all formed within
the last million years or so. The topmost sedi-
ments are frequently reworked, but the surface
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is younger than all bur a thin layer of the sedi-
ments beneath it. Some of the higher fanhead
terraces south of the Box Springs Mountains,
east of Riverside, which merge downslope into
the alluvial plain (compare Eckis, 1928), have
developed a thoroughly weathered red-brown
s0il; they probably formed late in the Pleisto-
cene.

Stabilization at the Paloma level and the for-
mation of the Paloma Surface have been the
terminal events resulting from the superposi-
tion of the San Jacinto River at Canyon Lake.
The river has cut down ar least the 400 ft be-
tween the level of Railroad Canyon {north arm
of Canyon Lake) and the 1,800-ft hills on either
side. Only two erosion surfaces, the Magee and
the Gavilan-Lakeview, are higher. The Gavi-
lan-Lakeview remnants are larger than the
Magee, still carry patches of presecved sedi-
mentary cover, and are surrounded by steep
scarps, some of which extend down directly
from the Lakeview Mountains platean to the
Paloma Surface. We therefore think it probable
that superposition was from the Gavilan-
Lakeview level. The Magee Surface would then
be somewhart older thao the Gavilan-Lakeview.
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Now we have established a probable succession
of three surfaces: Magee, Gavilan-Lakeview,
and finally Paloma.

Since the relics of the Magee Surface exhibit
no known remnant patches of old sediments
and are not directly associated with any older
sediment or surface, we must now trn o
another line of evidence. We begin with the
paleontologically dated lower Pliocene beds at
Lake Maihews and the contemporaneous chan-
nel filling to the east (Figs. 4 and 3). The chan-
nel walls and the Perris Susface are
topographically discordant (Fig. 6). In general,
either the steeper or the flatter surface might be
the younger. Here, the narrow, short, be-
headed channel valleys, the greater extent and
completeness of the Perris Surface, and the
smooth, continuous truncation by the Perris
Surface of both the bedrock and the Lake Math-
ews Formation (Figs. 6 and 12) show that the
Perris Surface is younger. The Perris Surface
can be traced south, intermittently, to the Hog-
backs northeast of Murrieta, where it is over-
laid by the Santa Rosa Basalt (Mann, 1955).
Southwest of Murrieta the Santa Rosa basaltic
sequence has at its base the 8.3 my.-old alkali
basalt. So the Lake Mathews Formation, the
Perris Surface, and the Santa Rosa lavas form an
age sequence that is wholly early Pliocene. The
bowl-and-valley erosion surface is older, but
may also be early Pliocene.

Two groups of events are closely dated: the
lower Pliocene group, and the Gavilan-
Lakeview-Paloma group that ends in the Holo-
cene. The Magee Surface is a somewhat
uncertain earliest appendage of the latrer
group. One erosion surface, the deep valley
systern, is left uaplaced. It must be older than
the Gavilan-Lakeview-Paloma group. As all of
its constituent valleys conform in a general way
to the present topography, it is probably less
ancient than the early Pliocene set of surfaces
and rocks. Moreover, the deep valley system
has 2 southern arm, southeast of Perris {Fig. 8),
thart very nearly truncates the relics of the bowl-
and-valley system and the overlying Lake Math-
ews(?) Formation along Canyon Lake’s east
arm. The deep valleys are therefore almost cer-
rainly post=Santa Rosa and pre-Gavilan-
Lakeview. It is simple, but not essental, to
make them pre-Magee.

A chronological summary can now be made
complete, albeit somewhart tentative: (1) ero-
sion of the bowl-and-valley system, (2) Lake
Mathews Formation, (3) Perris Surface, (4)
Santa Rosa lavas, (5) obstruction of northern
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Perris Block drainage, () deep valley cucting,
(7) deep valley fill, (8) Magee Surface, (9)
Gavilan-Lakeview Surface, (10) erosion to
about the Paloma level, (11) deposition of a
thin sediment sheet at approximately the
Paloma level. The necessity for step (5) will be
made clear later. The relative ages of the
Magee Surface and the deep-valley system re-
main uncertain. This problem would disappear
if the Magee relics prove to be local features of
somewhat varied ages.

LOS ANGELES BASIN AND ITS
RELATION TO THE PERRIS BLOCK

The Pliocene-Pleistocene vertcal oscillations
of the Perris Block were contemporaneous
with much moce pronounced vertical move-
ments in the central part of the adjacent greater
Los Angeles Basin. That basin bas a central
deep, bounded by northeastern and southwest-
ern shelves. The northeastern shelf is largely
the area of the Puenre Hills {(Fig. 3AB). The
Pliocene-Pleistocene movements in the Los An-
geles Basin were not all vertical. The Miocene
strata of the Puente Hills were moderately
folded; the Whitter Fault (Fig. 1} is a line of
strike-slip movement of many thousands of
feet, dying out to the northwest, and a parrow
belr along the fault at Whicder, just north of the
section of Figure 3AB, is involved in a tght
fold with a vertical axis. The tectonics were
nevertheless predominantdy vertical. In the cen-
tral part of the basin the sedimentary fill may be
30,000 fo thick (McCulloh, 1960), much
thicker than thatin the San Jacinio Trough (Fig.
3CD), and enormously thicker than that of the
deep valley system of the eastern part of the
Perris Block. The principal deformation in the
main part of the basin has been by selective
subsidence of the central syncline and some
other parts of the floor, and by compaction. at
Santa Fe Springs (Fig. 3AB), dips of 45° devel-
oped on both anticlinal flanks wicthout any ac-
tual rise of the anticlinal crest (mostly the crest
sank). The structure of the eastern part of the
central deep 15 shown especially well by T. H.
McCulloh’s unpublished structure<ontour and
isopach maps of the Meyer Zone, a sandy unit
in the lower Pliocene. Tis thickness varies from
400 ft on anticlines to 1,200 fr in synclines and
2,200 ft at the Whitier outcrop, near a
northeastern source area. The variations in
thickness go back to the time of deposition; the
sinking synclines were filled level full during
the deposition of each sedimentary unit. Each
unir carries a characteristic foraminiferal assem-
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blage, and each sub-unit was probably depos-
ired chiefly as a turbid flow, originating at the
northeast and extending southwest across part
of or all the width of the basin. The clasts are
mostly quartz, feldspar, biotite, and plutonic
rock fragments; the minerals and rocks of the
western Catalina blueschist are found only in
the Miocene of the southwestern margin of the
basin { Woodford, 1925). The Pliocene wrbid
flows of the central basin were derived ulti-
mately from the Perris Block, the San Jaciato
Mountains, and other high ranges, but their
immediate sources were in part the moderately
folded, uplifted, and eroded sediments of the
Puente Hills, the eastern marginal belt of an
earlier and larger middle- and late-Miocene Los
Angeles Basin (compare Fig. 3AB). Many sedi-
mentary units, however, have been traced from
the complete thick central section of the basin
to the thinner, less complete, and mostly Mio-
cene section of the Puente Hills. Marine Plio-
cene strata occur locally in the hills and in the
Chino and Corona basins east and southeast of
the hills. The structure of the Corona Basin, 8
mi west of Lake Mathews, is especially complex
(Gaede, 1969, pl. IV); it includes a pro-
nounced Miocene-Pliocene angular uncon-
formity. In Pliocene and Pleistocene times,
drainage from the San Jacinto and other high
mountain ranges swept across a rigid, nearly
stationary Perris Block, through the somewhat
unstable Puente Hills, and discharged its debris
toad into the subsiding central deep of the Los
Angeles Basin.

ORIGINAL ELEVATIONS OF
SURFACES

Quasi equilibrium of stream gradients, with
local base levels, makes difficult the determina-
tion of the criginal elevations of old surfaces.
The Paloma Surface, however, is forming to-
day, mostly ar elevations of 1,400 to 1,600 fr.
The early Pliocene(?) bowl and valley probably
had Aoors within 300 or 400 ft of sea level, as
the valley floor gradient was flat, and the proba-
bly contemporary sea reached a point 4 or 5 mi
west of Lake Mathews (Gray, 1961, p. 36). The
Perris Surface, surely early Pliocene, may have
formed at similar low elevations above sea
level. The Gavilan-Lakeview Surface was prob-
ably originally nearly horizontal, as flac as the
major part of the Paloma Surface is today. Its
drainage may have discharged into an embay-
ment of the Pleistocene sea at the Coyote Hills
in the east-central Los Angeles Basin, 30 mi
west of the Gavilan (compare Hoskins, 1954).
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A Gavilan-Lakeview trunk sweam, even if it
followed a route as devious as the present
course of Temescal Creek and Santa Ana River,
probably had a fall, from the Gavilan o the sea,
of 1,000 ft or less. We do not dare to hazard
guesses as to the original elevations of the
Magee or deep valley surfaces.

PLIOCENE-PLEISTOCENE GEOLOGIC
HISTORY

Early in the Pliocene, some 10 m.y. ago
{compare Evernden and others, 1964), the Los
Angeles Basin was mostdy rather deep ses,
probably between 2,500 and 4,000 ft deep.
This sea shoaled at its eastern edge, and became
very shallow marine in the Elsinore Trough, 5
mi southeast of Corona and just north of Bed-
ford Wash (near C, west of Lake Mathews, in
Eig. 1, see Gray, 1961). This locality was proba-
bly in an emnbayment, behind the slowly rising
peninsula of the Santa Ana Mouatains, which
projected into the Los Angeles Basin from the
southeast. The crest of the incipient Santa Ana
Mounrains may not have exposed any rocks
older than early Cenozoic. East of Temescal
Canyon, continental deposition was going on in
the Lake Mathews bowl and in a narrow chan-
nel that extended eastward from the south side
of the bowl (Figs. 4, 5, and 6).

The Perris Surface developed slightly later in
the Pliocene. It was probably more widespread
than its surviving representatives, and may have
covered the greater part of the Perris Block,
including most of the area now occupied by the
Paloma Surface (Fig. 4). Relics are left 5 mi
southeast of Perris and at Quail Valley between
the arms of Canyon Lake (Fig. 16). Some south-
west-sloping barbed tributaries of the deep val-
ley system at and near the Perris Reservoir site
are probably deepened relics of the upper
courses of parts of the Perris Surface drainage.

The Perris Surface extended far to the south-
west, across what is now the Elsinore Trough.
The Santa Rosa basalts spread over the south-
ern part of the surface, from the Hogbacks
northeast of Murrieta southwest o Mesa de
Burro, Mesa de Colorado, and other mesas.
Since the age of the basal baszalt is about 8.3
m.y., the more widespread overlying members
are no doubt about 7 or 8 m.y. old and the
underlying Perris Surface about 9 m.y. old.

The drainage on the Perris Surface may have
been concentrated in two principal systems, a
northern ancestral San Jacinto River and a
southern Murrieta River. We can speculate
about details of the San Jacinto River's history,
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bur at this tme we are in doubr as to the history
of the Murrieta River.

The ancestral San Jacinto River in early Plio-
cene time probably received drainage from
both the ancestral San Jacinto Mountains and
more northern sources. The Sag Jacinto Moun-
tains were probably located, with respect wa the
Perris Block, 11 mi northwest of their present
positon (Fig. 1). H. D. English (1953) found
11-mi righe-lateral offsets on the San Jaciate
fault for both the lower Pliocene Mt. Eden For-
mation and the lower Pleistocene San Timoteo
Formadon. This offser is roughly consistent
with the pos—middle Cretaceous offser of 15 mi
found much farther sourth on the San Jacinto
fault zone by Sharp (1967) and the 18-mi rein-
terpretation of Sharp’s data by Bartholomew
(1970). Bartholomew suggested that 10 mi of
offset has occurred since the late Pleistocene.

The early Pliocene drainage probably flowed
onto the Perris Block from the northeast in
three main branches. The northern branch may
have cut the Moreno gap w the level of the
Perris Surface, the central branch may have cut
the gap ar Lakeview, and the southern branch
may have cut the HemerWinchester (Salt
Creek) gap. The northern: and central branches
may have joined on the Pecris Surface above
the present site of Perris, and the combined
stream may have followed approximately the
line of the Perris-Elsinore road to a junction
with the southern branch, which had passed
through the gap now occupied by the east arm
of Canyon Lake (Fig. 4).

The cutting of the Moreno, Lakeview, and
Hemet-Winchester gaps to the level of the Per-
ris Surface, and a combinartion of other events,
made possible the cutting of the deep valley
system of the northeastern part of the Perris
Block (Fig. 8). Other significant events were
the strike-slip fault movement of the San Jacinto
Mountains 1o a more southeastern posirion, the
faulting and faule-block depression that pro-
duced the San Jacinto Trough, and the diver-
sion of the northern drainage. After these
events, the only considerable source of water
flowing over the northeastern Perris Block was
from the San Jacinto Mountains, which had al-
ready reached a position that was largely south-
east of the San Jacinto Trough. The water
mostly entered the Trough at its southeast cor-
ner, in an ancestral San Jacinto River. In deep-
valley time, subsidence of the trough must have
heen checked, so that the river piled upon the
graben surface a narrow and rather steep cone
of alluvium 12 or more mi long and 2 o 5 mi
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wide. The fanhead ar the southeast corner of
the graben must have been high, correspond-
ing to a present elevation of at least 1,700 fi;
the toe, at the northwest, was probably below
500 ft. The river, wandering on its fan, at times
discharged into the beheaded Hemet-Winches-
ter stream valley. This valley must have been
blocked at Canyon Lake, perhaps by volcanic
debris, now removed by erosion. This debris
may have come from cinder cones related to the
Santa Rosa lavas, or from the same sources as
the siliceous wffs widespread in the lower Plio-
cene of the Los Angeles Basin {Wissler, 1943,
p- 216). The volcanic vents have not been
located; they may be hidden by alluvium. Alwer-
natively, the west-flowing drainage may have
been interrupted by minor faulting west of Can-
von Lake or by a north-south upwarp. In one
way or ancther, the HemerWinchester stream
was diverted northward east of Canyon Lake,
and followed either the Lakeview or the
Moreno course back to the San Jacinto Trough.
In this way, the deep valleys were cut. Perhaps
the return to the trough was at first through the
Lakeview gap; later, when that exit had been
dammed by the rising surface of the growing
fan in the wough, the deep valley through
Moreno was cut.

The hypothetcal fan and gorge system of the
ancestral San Jacinto River has rather remotely
similar modern analogs in and near San An-
tonio fan, at the northwest corner of the Perris
Block in the vicinity of Pomona and Claremont
(Eckis, {928; Eckis and Gross, 1934). San An-
tonio fan has a north-south length of 17 mi, a
2,100-ft elevarion at its head, and a 500-ft ele-
vation ac its toe; it has a distributary, San Jose
Creek, that cuts west through a rocky gorge
somewhat similar to the gorges of the deep-
valley system. San Jose gorge, however, Is cut
mostly in Miocene sediments of the Los An-
geles Basin's east side, and discharges into San
Gabriel River at a level below that of the San
Antonio fan.

In deep-valley rime, a lake may have existed
at least temporarily at the north end of the San
Jacinto Trough. It may possibly have been, at
times, an enclosed playa, but more probably it
discharged continuously northwest, either
along the line of San Timoteo Creek, north of
Riverside, 1o the Santa Ana River, or northeast
around the San Jacinto Mountains into Salton
Trough. Sediments of this age are netknown in
the San Timoteo badlands, through which the
discharge must have gone; the time may be
represented by a lacuna in the badland sedi-
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ments, as an unconformity was found in those
sediments by English (1953).

Next, probably in late Pliocene time, some-
what more than 3 m.y. ago, the deep valley
systern was filled, and the whole cenrtral and
northern parts of the Perris Block were covered
by a blanket of alluvium that rose to the Gavi-
lan-Lakeview level and perhaps to the Magee
level. The evidence for the lost alluvial fill is
chiefly the superposition of the San Jacinto
River, previously described.

The Magee Surface may have been cut in
carliest Pleistocene time, beginning some 3
m.y. ago. The Gavilan-Lakeview Surface may
have developed in mid-Pleistocene time, 2.5 o
1.5 m.y. ago. At the end of that time, just
before the downcutting began that led w the
superposition of the San Jaciato River, that
river must have had about its present course.
Farther north, the Gavilan-Lakeview Surface
shows the presence of at least one other wrunk
streamn, perhaps flowing northwest from the
Gavilan and joining the Santa Ana River be-
tween Riverside and Corona (Fig. 2).

During Pleistocene time, most of the mantle
of Pliocene sediments and volcanics was
removed from the Perris Block by erosion.
Some of the basalt debris was deposited in the
Temecula Arkose of the Temecula Basin
(Mann, 1955; dated as earliest Pleistocene Vil
lafranchian by Merrill, 1963, and Seay, 1964},
but much of it was probably carried out of the
region by the Temecula—Santa Margarita River
and more northern streams. Finally, the Paloma
and other new portions of the present com-
pound surface were formed. Erosion to the
Paloma level was mostly in areas of alluvial fill,
but moderate sized areas of the Perris Surface
were probably destroyed at this time. One such
area of Perris Surface was probably above
Paloma Valley and extended south to the lava-
capped Hogbacks near Murriera.

STRUCTURAL ENVIRONMENT OF
THE PERRIS BLOCK

The Perris Block is probably bounded every-
where by fault zones, but at the south and
southeast the displacements on the faults are
small, probably only hundreds or a few thou-
sands of feet. That is, Perris Block belongs
structurally with the mountainous Peninsular
Ranges to the southeast, between the Elsinore
and San Jacinto fault zones.

Right-lateral strike slip, almost everywhere
accompanied by smaller dip slip, characterizes
the fault zones that hound the blocks. Strike slip
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on the San Jacinto fault zone has been 15 1o 18
mi since the mid-Cretaceous (Sharp, 1967; Bar-
tholomew, 1970); most of this movement may
be post-Pliocene, as indicated above. Post-Mio-
cene right-lateral movement on the Elsinore-
Whittier-Chino fault zone has been much less,
probably not over 3 mi at most, dying out to the
north. Farther west in the Los Angeles Basin,
some right-lateral movement, probably total-
ing several thousand feet, has occurred in the
Pliocene, Pleistocene, and Holocene along the
Newport-Inglewood zone. Significantly greatér
movesments cannot have taken place in the Los
Angles Basin, for numerous local sedimentary
units, including several tuff beds, can be cor-
related across the fault zone.

The Perris Block has been repeatedly
uplifted, and occasionaily depressed, since the
beginning of Pliocene time. The net uplift has
been only a thousand feet or so, much less than
the many thousands of feet of uplift undergone
by adjacent mountain masses, notably the San
Jacinto range (Fraser, 1931, p. 538-540).
Other nearby areas, notably the central part of
the Los Angeles Basin, have been depressed
tens of thousands of feet. All these vertical tec-
tonic changes must have heen accompanied by
sub-crustal mmovements in more or less horizon-
ta} directions. The subcrustal adjustments must
have been deep; they did not result in south-
west-norctheast  horizontal movements  suffi-
cientdy large and shallow to be detected by
surface observations or by horings. The adjust-
ments were probably chiefly isostatic. The deep
isostatic flow must have been integrated with
the somewhat greater post-Pliocene flow in-
dicated by right-lateral strike slip on the San
Jacinto fault system.
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