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Abstract

A gravity study of the San Gabriel Mountains was made. A map of
Bouguer anoralies in the area was completed and & profile across the
mountains was taken. Calculations of the crustal thickness beneath
the Los Ang.eles tasin, the San Gabriel Mounteins, end the Majave Desert
were mede using the sin x/x method and a method dAesc.ribéd by Bott. |
Theee caloulations indicate that there is & crustal thinning under
the Szn Gabriel Mountains to 27 kn. Values of 35 and 38 km were
ebtained for the Los Angeles basin end the Mojave Desert respectively.
These Tesults correspond quite closely to seismic determinations of
the crustal thickness in this area. They indicate that forces
originating in the mentle were important in the uplift of the San
Gabriel Mountains.
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Geologic Setting. The San Gabriel Mountains are an intri-

cately faulted block of pre-Tertiary intrusive and metamorphic rocks.

They are characterized by an extremely rough topography with many V-

. shaped canyons. They are a part of the Transverse Range p¥ovince of

Southern California. The axis of the range runs almost direcﬁly east-
west for sixty miles from San Bernardino t9o San Fernando. The maximum
width of the mountains is ebout twenty miles. ihe San Gabriel Mount-
ains are bounded by‘théee major fault zones -- the San Andreas on the
northeast, the Sierra Madre on the south, and the Soledad on the north-
vest. They are bordered by the Mojéve Desert on the nortﬁ, and Los |
Angeles Basin on the south, the San Bernardino Mountains on the east,
end the Santa Susana Mountains, Santa Monica Mduntains, and Sierra
Pelona on the west. They vwere uplifted to their present height Guring

Pléistocene time.

Geophysical Survey. A mep of Bouguer Anomdlies was compiled

from grevity readings taken in the mountains themselves, The Mojave

’ Desert,‘the Los Angeles Basin, and the Sieira Pelona. The primary

purpose of the investigation was to determine the crustal gtructure
beneath the San Gabriel Mountains, which have little eifect om the
marked regional gravity trend in the area due to seaward thinning of

-

the earth's crust.

A
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Rocks. The oldest rocks in the San Gabriel Mountains are a
series of metamorphosed sedimentary strata. Miller (1934) has desig-
nated this series as the Placerita Fgrmation and has giveA them a pre-
Cambrian Age. They crop out in a very limited area near Placerita
Cenyon in the southwestern part of the range, but are present as in-
clusions in the complex rocks (San Gabriel Formation) which form
muach of the western section of the mountains. They ére composed of
various kinds of schists, quartzites, and crystalline limestones.

Andther 014 series of metamorphosed sediments crops out in
the eastern section of the San Gabriel Mountains. ‘This has been
called the Pelona Schist and is composed of quartz-albite schist.
Miller (1934) believes this series to be ySunger than the Placerita
Formation (1éte pre-Caubrian or ear;y;2a1e5zoic) because it is less
metamorph5sed and has not been lit-par-1lit injééted by granite.

| Another pre-Cambrian iformation present in the San Gabrielé
Mountains has been designated by Miller (1934) as the San Gabriel
Formation. It is an intimate mixture of granite, metadiorite, meta-
sediments, and dikes of diorite and granodiorite. Its composition
is generally granodiorite. It crops out extensively ip the ﬁestern
part of the mountains.

One of the most interesting formations in this range is a
large anorthosite maséif which is present in the northwést portion
of the mountains. Most of the massif is composed almost purely of
endesine, but there are also facies ranging through gabbroig’ansrtho~
site to almost pure titaniferous magnetite. Neurérberg and Gottfried
- (1954) have dated the anorthosite as 930 ¥ 90 million years old

using lead alpha activity measurements. This confirms Miller's



|
bélief that the Placerita and Ssn Gabrial Formations are pre-Cambrian,
because contacts between the anorthosite an§ San Gébriel show the anor-
thosite to be younger. It also raises an interesting question because
& pegmatitic granite intrusion, presumably Lowe granodiorite, in the
anorthosite was dated at 810 + 80 millior years. Miller did not believe
that there was any igﬁeous activity in the area between the intrusi&g‘
of the anorthosite and Jurassic time. Miller postulated that the
massif was a thickset laccolith or batholith iﬁcreasing in width
upward which shouldered its way through the San Gabriel Formation.
The massif is also interesting geophysiéally because there is a large
mass excess apparently associated with it. |
.The only other extensively developed pre-Tertiary formation in
the western San Gebriel Mountains has been called the Lowe granodiorite.
by Miller (1934). Its most common facies is porphy‘x‘itic. Miller |
believes that tﬂe granodiorite is Jurassic in age, based on correlation
with simiiar formations in reighboring ereas.
Alf (1948) describes a section at the southeastern tip of the
" San Gabriel Mountains. It includes (from youngest to oldest) -- pyroxen;
dioritic gneiss, undifferentiated metamorphics coﬁposed prim;rily of
guartzite and crystalline limestone of probable Paleozdic age, gneiss
and mylonite, and quartz dioritic.gneiss. .
All of the formations described above are mapped on Plate 2;
There is no detailed description of the rocks in much of the east-c;ntral
San Gabriel Mountains. However, -some extension Sf Miller's (193%4) map

has been made into this area. The extensions are indicated as ques-

tionable.
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Tertiary end Quaternary formations are present along the margins
of the San Gabriel Mountains. Soume of the ﬁore significant ones will
be described. The Martinez Formation, which lies between the San .
Andreas and San Jacinto Faults, is described by Noble (195k). It
consists of over 5000 feet of marine shales, arkosic sandst;ne, and
conglomerate of Paleocene age. The Punchbowl ﬁormation outcrops ﬁear
the southeastern tip of the mountains and consists of up to 8000 feet
of cﬁnglomerafk-sandstone with some shale and limestone. It is of

late Miocene age. The Vasquez formation (Jahns and Muehlbefger, 1954)

‘s

consists of up to 12,500 feet of conglouerate, bréccia, and sandstone.
It lies just north of the Saledad Fault. The Saugus Formation
(Howell, 1954) crops out south of the San_Gabriel Fault near tﬁe
vestern tip oé the mountains. It consists of over 7800 feet of arkosic
sandstone and conglomerate and is late Pliocene to eariy Pleistocene in
age. A thick sequence of sediments and volcanic flows crops out norfh

of the centgr of the mountains. It is over 8000 feet thick and is of

- Miocene age (Miller, 1934).

Structure. The San Gabriel Mountains can be regarded as a.

gigantic horst which has been trensected by countless fault and shearik-
zones. Several of the major faults will be considered.

The major fault in the area is the San Andreas Fauli, which
runs along t£e|;brtheast margin of the mountains. It is essentialiy
vertical and movements along it have been right lateral strike slip.

It has existed since pre-Tertiary time and there are displacements of -

[

older rocks up to a few hundred miles (Mabey, 1950), A movement of

thirty miles since Miocene time. is indicated by displacedmsediments

(Noble, 1954).

o
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Intimately associated with the San Andreas Fault is the San
Jacinto Fault, which runs parallel to and is separated Irom the San
Andreas Fault ﬁy two o four miles along most of the San Gabriel
.Mountains. ‘Movements along it have also been strike slip.

The oldest fault in the San Gabriel Mountains is the Vincent
Thrust Fault. It runs & sinuous course through soue 5f the higheét
country in the mountains, near the easterﬁ end. It is a thrust
fault and commonly aips southeastward at angles less than 45°. It
marks thé contact between the Pelona schist and younger plutonic
rocks and is at least Mesozoic in age (Koble, i95£).

The San Gabriel Fault traverses the entire ;ange in an essen-
tially east-west direction erm thfee to eight miles north of tﬁe
mountain front. It dips steeply northward. .Movements have been
.left lateral strike slip up to 2 1/2 miles in areas northwest of the

mountains (Oakeshott, 195L) It has existed since late Miocene, possibﬁ%
since Upper Eocene or Olig;cene, time. It butts against the San
. Jacinto Fault.

" The Soledad Fault runs along the northwest margin of the
mountains. It is & northerly dipping normal fault. It has not been
‘active since Lower Miocene time. It butts against the San Andreas
Fault (Jahns and Muehlberger, 1954).

The southern front of the S;n Ga%riel Mountains is defined
by the Sierra Madre Fault Zone. It is a complex group of branching

and enechelon faults. Dips range from steeply south to moderately

north and movement has been thrust faulting (Bailey and Jahns, 1954).
Miller (1934) postulaeted that the San Gabriel Mountains existed

.t
as a positive area throughout Tertiary time. By the end of Pliocene
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time.the mountain area had been eroded to a peneplain. In ear;y
Quaternary time, the present mounﬁa%n wass began to rise and
has continued to do so until the present. They are still rising
at a rate of about 20 inches per century (Woble, 1954). Strong
lateral ( north-south 1o northeast-southwest) pfes:uré has been

an important factor in these movements (Miller, 1934). Movement

.

in the San Andreas,‘Saﬁ Gabriel and Sierra Madre fault zones has

been high-angle thrust falting. Miller also states that vertical

forces must have been present during this time:.

- -
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Gravity Anomalies
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Areal Features. Plate’l is a map of Bouguer anomalies plus

1000 nilligals for the region. The contour interval is 5 milligals.
" The most striking feature of the map is the regional gra-
dient which extends from the San Andreas falt zone southwest across
the mapped area and thén across the Las Angeles basin. Gravity in-: .. -
creases along this line, probably due to thinning of the earth's
crust.
The San Gabriel Mountains séem to have little effect on
this regi;nal'trezd. Except Tor the extreme western pOrtionubfwthe range
contours run roughly parallel to the San Andreaé fﬁult zone. The |
positive gradient across the range is stecper than the regional
gradient. The western section oI the mountain i; dominated by a
gravity high, centered over the anorthosite wmassif described
earlier.
The Mojave Desert is a region of extremely uniform gravity
in the area mapped. Excépt for isolated sedimentary troughs, the
‘sravity anomalies lie between -95 and -110 milligals over most of
this region. There is no significant regional trend, although con-
tours near the San Andreas falt tend {9 run parallel fo it. ~
The gravity high aséociated with the anorthosite body in the
San Gabriel Mountains extends nortﬁward into the'Sierra Pelona. |
These mountains are composed primarily 5f Pelona échist. There 1is
a gravity low west of the San Gabriel Mountains, probably due to
the extremely thick sedimentary sequence in the Ventura Basin.
There are two areas mapped which ﬁave extremely large gravity
gradients. Just southwest of the vestern £ip of the San Gabriel
Moﬁntains there is a positive southward gradient of up to 6 milligals

per mile, due to a transition from the low associated with the
(&2 .
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Ventura Basin to:& high which is centered near the eastern edge of

the Savia [ionica Mountains, vhere basement rocks are extensivel& exposed.
The second large gravity gradient is centered on the San Jacinto

fault just south of San Bernaxdalno.It has e positive gradient south-
westward of up to 10 milligals per mile. It lies along @& contact
between Jurassic granite and Pliocene sedimentary rocks.

Profiles. Twp profiles were made and are shown with their
geologic sections on Plate 3. The first extends from San Pedro across
the Los Angeles Basin and San Gabriel Mountains to the Moja#e Desert.
Its trace is shown (A;A') on Plate 1 and Figure 5. The gravity values

’

in the Los Angeles Basin were teken from a paper by Mc Culloh (1950).
Figure 1 is a contour map from this paper.. It is believed possible '
to treat the anomalies on the profile as two dimensional with
limited exceptions. In the San Gabriel Mountains the profile runs

almost normal to the gravity contours which are quite uniform on

each side of it. It crosses through the center of an area of extremely o

' 1ow gravity relief in the Mojave Desert. From San Pedro to the

central Los Angeles Basin the profile runs normal to the contours.

In all these areas the profile can be regarded as & good represen- -~

tation of a two dimensional structure. Fron the‘central Ios Angéles
Basin to the southern face of the Sgn Gabriels ﬁhefe is a negativeA
gravity gradient southeastward across the profile. The gravity valﬁes
in this section may be slightly higher than theyféhould be in making

a two dimensional interpretation. The second profile was t&ken across

the gravity high present in the western San Gabriel Mountains and

N

~
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the Sierra Pelona. Its trace is shown (B-B') on Plate l..The values

on this profile should give a valid two dim;nsional interpretation
with the exception of those near the southern end. In this area

thefe is a large positive gravity gradient eastward across the profile.

The values in this section of the profile are probably slightly too

high.

Computations. The gravity values aloug the profiles were
used to compute the crustal thickness beneath the profile (A-A')
by two different methods. The first was the sin x/ x method. This
method involves a calculation of the mass varia¥i5h.at a given depth ’
necessary to produce the observed gravity profile. Assuming & certain
density contrast between the crust‘and thg-man£le, it is then ﬁﬁssible
to calculate the variations in crustal thickﬁess along the profile.
The density contraest was assumed to be 0.5gm/cm5. A typical profile
vis shown in Figure 2. The surface along which masces vere calculated
has a depthvof 27 kilometers. )

The second computation was based on a method described by

Bott (1950). It provides a picture of relative, rather than absolute,

’

thickness. This method involves the division of the profile into a set S
of two dimensional stfips;'A regionally corrected gravity value for

the center point of each strip is determined and an initial estimate

of the thickness of each block is made from these values with an
assumed density contrast (O.3ém/cm3). These thicknesses are then
altered in a series of iterations u;til the calculated gravity effect

closely matches the observed proiile. The results of this computg}ioa

are shown in Figure 3. Except for the tw5 points at each end of the
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of the profile the celculated gravity value is within one milligél
of the observed. Although the calculated thickness is very erratic,
its general structure is quite simular to that obtained by‘the

sin x/ x method.

Both calculations indicate that.there is an anti-root
ascociated with the San Gabriel Mountains. The relief of this feature
is 11 kilometers. This-may be slightly exaggerated due to the un-
realistically high éravity values southwest of the mountains which
vere mentioned earlier. Hovever, its existence as a feature of
considerable magnitude seeus estabiished. The frodgh to the south-
west is associated with the Los Angeles Baéin.

Comparisons. Figure h.showé the resulté of seismié ﬁork‘done
by Roller and Healy (1950). Figure 5 shows a.trace of their profile
and profile A-A'. Althougﬂ the general crustal structure in this
figure is simular to that calculated by the sin x/ x method, there
is a major discrepancy in the actual depths of the two models. Figure

. 5 shows the'anti-rootlto have a relief of only 5 kilometers. Their
-—-model -also shows the crustal thickness under the Mojave neér point A
to be 27 kilometers. This discrepancy way be partially due fs hetero-
geneties in the crusfél structure since this point is near the beginning
of crustal thickening assoé¢iated with the San Andreas fault, but the
‘difference seems t90 large to be wholly accounted for in this manner.
The gravity trough to the northeast of the San Gabriel Mountains has
a depth of 38 kilometers by the sin x/ x wmethod and 3Z\kilgmeters by
the seismic method. The seismic model gives a thickness of 4O kilometers

under the Los Angeles Basin, and the gravity one gives 35 kilometers.

7
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Another large difference in thickness is present at the western end

of the profiles - 27 kilometers for sin x/ x and 35 kiloneters for
seismic. This difference may be partially due to seéwérd crustal
thinning since the gravith profile exteunds further west than the
seismié, but again the whole difference cannot be explained in this way.
Thus the gravily and seismic models agre. in their-general structure,
but differ in actual thickness, especially neér the end points and in .
the central San Gabriel Mountains. The end point differences may be

due to the method used in calculating the sin x/ x profile. The

gravity values at the end points were continued outward without change,

“which in the southwest would make the calculated crustal thickness

thinner than it should be. The effect of this at the northecast end is .
not clear. The two values given for the San Gabriel anti-root might
be regarded as upper and lower limits of its relief.
McCulloh (1950) postulated a thickness of 30 kilometers in
the central Los Angelés Basin. This figure appears to be seriously
in error. He also postulated that the Mohorovicic discontinuity
slopes uniformly &across the basin and flattens on either side of it.

This also appears to be incorrect.



Conclusions
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The San Gabriel Mountains are a mass 2f pre-Cretaceous
crystelline rocks which were‘upliftgd most recently by high-angle
thrust faulting'initiated in early Quaternary time. The uplift is
still continuing presently. Strong lateral pressure was en i@portant
factor in the mountain building. Graviéy data indicate. that vertical -
forces initiated in the mantle were also importgnt, because there is
a large upwarping of the Mohorovicic discontinuity ﬁeneath the
mountains. ‘

Oﬁé possible explanation of the cause of these mantle fprces
suggests itself. The deposition of 3 kilometer; of sedinent in the
Los Angeles Basin during Pliocene and Pleistocene time resulted in
displacement of a correspondigg thickness éf mantle material. Tﬁe
San Gabriel Mountains offered an easy outlet‘for this material since
there was already established along its margins & well developed
fauly system. The mantle material moved under the\San Gabriel
Mountains and displaced them upward. This theory is admittedly highly
. speculative, but accounts for the crustal structure beneath the
-Los Angeles Basin and San Gabriel Mountains, and is supported by the

fact that the Soledad Fault has been inactive since Miocene tine.
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