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ABSTRACT

Vibrational directions of direct shear waves from a number of
snall local earthquekes in southern California, recorded at Pasadena
end Riverside, are determined and discussed in relation to corresponding
faulting at the sources A theoretical relationship between small fault
displacements and wave vibrational directions is proposed. Using this
relationship, directions of SV and SH motions from various fault types
et normal depths of focus are adduceds Observed initial shear wave
motions indicate generelly consistent SH, but usuelly less consistent
SV displacements., Values SV/SH are consistent in a fow localities, but
generally vary widely. Folarization of SH waves is evidenced from the
date; thet of the SV is suggested, but is not so clearly indicated,
Probably the entire shear wave is approximately plene polarized. From
the data it appears that horizontal components of faulting in southemn
California, within local regions, usually take place in the same general
directions Vertical fault directions appear to vary., An analysis of
faulting at the source, based on e comparison of observed SV end SH
motions with theoretical shear motions and with observations by Gutenberg
(1941) of impulses of compressional waves, is describeds A fault pattern
in agreement with the seismic data and also the regional surface geology
involves primarily northwesterly trending right handed transcurrent
faults in some parts of southem California, east west trending reverse
or thrust faults in others, and coexistence of the two in a few locali-
ties, Somewhat simplified stress distributioms in agreement with the data
are discussed briefly., A method for determining strains of incident
shear waves from linear strain seismograms, recorded through a new

Benioff transducer and short period galvanometer, is also presented.
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INTRODUCTION

It is well known that first impulses of longitudinal waves
depend on directions of fault displacements at the foeus of an
earthquake. Barly literature on this sixbjeot has been summarized
by Kewasumi (1937). Several Japanese writers, notably londa (1932),
Kewasumi (1933, 1934), Kawasumi and Yosiyama (1935), end Sezewa end
Kanai (1936), have presented deteailed mathematical treatments of
vibrational properties of seismic waves., They have applied some of
their analyses to specific Japanese shocks., Gutenmberg (1941) in-
vestipated first impulses of longitudinal waves from e large number
of southern California shocks, and discussed related feult motions.
The purpose of the present investigation is to determmine directions
of initiel motions of transverse waves from southern Californie

shocks, and, if possible, correlate them with feult displacements.

Data for this study consist of initial amplitude measurements
of shear waves recorded from more than 200 small local earthgquakes
ocourring between 1941 and 1949, Only "direct" waves between the
foeus and surface were investigated in order to minimize effects of

reflections and refractions on vibrational directions.
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THEORY

Vibrational directions of transverse waves, perpendicular
to eny ray paths, have been discussed by Gutenberg (1929). The
wave motions can be described in terms of compoments u, horizontal
in the plane of propagation, v, horizontal perpendicular to that
plane, and w, vertical, Customarily, transverse waves are broksn
into SV and SH components, whore the SV vibrate in the plane of
propagation, containing the directions u and w, and the SH horizon-
telly in the direction v (Fige 1).

Amplitudes of SV and SH waves arriving at the earth's
surface can be described as functims of ground displacements.
Knott (1899) end Zoeppritz (1907, published posthumously) developed
equations for the calculations of partitions of energies and ampli-
tudes at discontinuities in the grounds The equations are also
epplicable at the earth's surface, Wiechert (1907) presented
convenient eguations relating ground motions to incident wave
displacements at the surface., Outenberg (1944b) reproduced
Wiechert's equations and also presented curves which show the pare
titioning of SV energy end ratios of ground to incident displacement
at the surface as functions of incidence angles, Calculations for
these curves were made by Cutemberg (Zoeppritz, Geiger, and Guten=
berg, 19123 Geiger and Gutenberg, 1912; and Gutenberg, 1944b) end
Jeffreys (1926)s The curves indicate the following relevant

properties of incident SV wavess
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At normal incidence, i.= 0%, an SV wave is reflected at
the surface as an SV with no change in phasey for the
approximate range 0<i,< 14°, en SV is reflected essen-
tially ae euch with a minor part as a compressional (P)
wave; for approximetely 14°< i, < 35°, most of the SV
energy is reflected as P and a minor part as SV; for
approximately 35°< i, < 90°%, en SV is reflected entirely
as en SV, but involves e change in phase. For e Poisson's
ratio of 0 = ,239, epplicable in the "granitic" layer in
southern Californie, it is seen that at i. = 36° an inci-
dent SV wave produces no verticel ground displacementj

for the range 0<i.< 36°, the vertical ground displacement
is in the same direction as the corresponding component of
the incident motion; for 36%i, < 90°, the vertical ground
motion is in the opposite direction to the incident motion.
Similarly, at i, = 459, an incident SV wave produces no
horizontal ground displacement, u,, in the direction of
propegations for 0<1.<45°, u, is in the same direction
as the corresponding component of incident motion; and

for 45°, 1, < 90°, u, is in the opposite direction.

SH waves are reflected only es SH, regardless of incidence angle or
value of Poisson's ratio; hence, incident SH amplitudes are half
the magnitudes of the v ground displacements (see also Bullen,
1947).



In the following, relationships between initial vibrational
directions of transverse waves and corresponding fault motions are
considered., Little is kmown about actual mechenisms of displacement

during faulting, and only spproximetions can be simulated.

I is assumed that, during the time of faulting, energy is
not transmitted across the fault plane in appreciable gquantities as
equel energies acting in opposite directions ars released similtan-
eously fram the two fault blocks. Some energy may be diffracted
from one feult block into the other, Such energy will not only be
comparatively small, but will be propagated somewhat later than the
initial disturbances It thus seems reasonable to expect initial
compressional and shear waves to remain within the fault block in

which they originate.

From observed ground displacements of large earthquakes,
it would seem that small shocks of magnitudes 2,5 to 4.0 on the
earthqueke magnitude scale of Richter (1935) involve smell displace-
ments of probably less than e few feet. The length of faulting mey
be from several hundred meters to more than a km., At distances
greater then several km from the source, waves generated from small
fenlts will be nearly spherical in isotropic media. The wave
fronts will consist of two separate sets lying on either side of
a plane containing the fault surfaces The displacement of a
particle u in such a weve frant cean be expressed by the known

equation,.
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where Vp, and V; are the compressional end shear wave velocities,
respectively., The displacement u can be represented by an irro=
tetional component p, where curl p s 0, and e solenoidal component
T, where div ¥ = O Introducing W = ¥ + § into the above equation

leads to the femiliar wave equations

C)z— 2 > T
T
0% s ac (2)
i A

Expressions for displacement components of spherical waves
in directions r, &, ;ﬁ, vize Dy Pos Pps and 8., 8,, 8, have
been given by Kawesumi (1933) in terms of radial distances, Hankel
eylindrical functions of the second kind, and surface harmonics of
order n, BEquations of these displacements indicate that comprese
sional waves consist not only of a radial component, p., but also
trensverse components, p, and Pye The transverse components,
however, are of higher order with respect to 1/r than the radial
component. Similarly, shear waves consist of radial and transverse
components s, , 8,, and Sps in which the radial component is of
higher order with respect to 1/r then are the transverse. As
spherical waves recedefrom the source, they approach true come-

pressional end shear types of displecements,
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If a small displacement acting over a small fault surface
can be represented by equal and opposite vectors A, then approxi=
mately spherical waves, formed within hemispheres in sach fault
block, would appear to have azimutel gymmetry ebout A. Solutions
of Kawasumi's equations implying azimuthal symmetry, and involving
either one or two nodal cones in the wave fronts, indicate that the
conponents of displacement p,, p,, 8,, and s, exist, but that the
components p,, and s, vanish, A reasonable and physicelly intultive
assunption, which also results in azimuthal symmetry and not more
than two nodal cones in the wave fronts, is that just beyond the
zone of frecturing at the source a wave displacement W is about
parallel to a feult displacement A, Sinse the components P, and
8, are then nearly zero, displacements D end ® will lie approxi-
mately in a plane formed by the vectors A end ’ﬁ, where E is the
rey pathe Vectorially this relationship can be expressed as
(Mge 2)

AxR+-3 =0 (3)
Based on eqetion (3), amplitudes of compressional and shear waves

are related to the displacement W by approximately (Fig. 2)

paucw@

S 2 usnB (4)

Initial motions of shear waves resulting from fault dis-
placements of small megnitudes can be approximated by equation (3).

This is the enelysis used in figures 3 through 8, in which surface
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Fig. 2. Relationship between the_direction of fault
movement (A)s ray path (R), and vibration
directions D and P assuming a displacement
us just beyond the zone of fracturing,
parallel to A,
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distributions of initiel SV and SH displecements, generated from
the following types of faults, are illustrated:

1, Transcurrent (strike slip)

2 Vertical, with vertical displecement
3. Horizontal

4. Normel

5e Reverse and thrust

Assunptions made in determining theoretical wave displacements in
the discussion to follow evre:

ls The earthquake originates et a point,

2, FPault displacenents are linear,

3. Spherical waves ere radiated (implying isotropic media).

4, Initial shear, and also compressional weve displacements
remain in the same feult block in which they originate.

Trenscurrent (strike slip) famnlt

Shear waves radiated horizontelly from a transcurrent fault
source consist of only SH componentse Fipure 3 illustrates distri-
butiong of initial SH motions for horizontal reys. Arrowsin the plan
view of the figure indicate directions of feult and wave motions,

In the cross section, "in" refers to motion normal to end directed
into the papers conversely, "out" refers to motion out of the plane
of the paper. From equation (4), it is seen that rays normal to the
strike of the fault have the largest SH amplitudes for given radial
distancesy those in line with the fault have zero amplitudes. SH
emplitudes are of intermediate magnitudes between these two

directions,

Transcurrent fanlting at normal depths of focus, about 16 km

(Gutenberg, 1943, 1950) in southern California, produces the surface
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distribution of motion illustrated in figure 4, In the plen view
of the figure, arrows indicete initial motions in the horizontal
directions u and vy "up" end "down" indicate displacements in the
vertical direction, At random wave path orientat ioms, both SV and
SH waves armrive at the surfaces Only SH components exist in direc=
tions nommal to the fanlt strike. Both SV and SH emplitudes are
small in the vieinity of the plane containing the fault surface.
The emplitude ratio SV/SH is usuelly less than unity in intermediate

directions,

Vertical displacement (verticel fault)

Shear waves generated by vertical faults with vertical dis-
placements consist of only SV components., SV amplitudes for the
surface distribution illustrated in figure 5 are approximately
constant at given redial distences, except near the planecontaining
the fault surface where they approach zeros Chenging the focal

depth for this type of fault alters the ratio u/w of the SV waves.

Horizontal fault

Horizontal fanlting et normal depths of focus produces
surface distributions of initial shear motions as showm in figure
6+ Tays normal to the direction of faulting contain no SV compo=-
nents, those in the same direction no SH components. Generally,

both SV and SH waves will arrive at the surface.
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Normal fault

Normal faults having dipe of epproximately 60 degrees,

end originating at about 16 km depths, produce initial SV and SH
motions at the surfece as illustrated in figure 7. Rays propagated
perpendicular to the strike of the fault contain no SH components.
In the vicinity of a plene containing the fault surfece, SV and SH
amplitudes are small and the ratio SV/SH is a minimum for the dise
tribution shown on figure 7. SV and SH waves exist betwesn these
two directions end the ratio SV/SH is greater then unity for the
fault dips assumed. The retio increases as the dip of the fault

increases,

Reverse and thrust faults

Dips of reverse and thrust faults, renging from about 15 to
75 degrees and originating at normel depths of focus, result in
identical surface distributions of initial SV i egltiigfgpﬁ‘oements
(Pige 8)e Reys perpendiculer to the strike to the fault contain
no SH components. In the vicinity of & plane containing the fault
surface, SV and SH amplitudes are small and the ratio SV/SH is the
smallest for the distribution showmm on the figure., At rendom wave
peths, both SV and SH waves errive at the surface. The ratio SV/SH

increases as the fault dip increases,

EBach of the five fault types illustreted in figures 4
through 8, originating et normal depths of focus, is seen to result

in distinctively different overall surface distributions of initial
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SV and SH displacements, Accordingly, the figures seem to be
diagnostic, for the given assumptions, in evaluating fault

motions related to observed SV and SH displacements,
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METHODS AND MATERIALS

In this study only "direet" transverse waves are useds
this minimizes effects of reflections end refractions on original
vibrational directions, The paths of these waves are assumed to
be consistent with Cutenberg's (1950) recent hypothesis on the
structure of the upper erust, in which horizontal lgyers of dife
ferent velocities above the normal depth of foecus are postulated
(Pig, 9)¢ The "direct" weves are consequently refracted to a minor
extent within the upper crust, In southern Californie shocks, the
direct trensverse waves are the first shear waves to arrive at the
surfece for epicentral distances ranging from O to at least 130
km, For shocks beyond this epicentral range, waves refracted through

deeper layers arrive before the "direet" wave.

Initial amplitudes of trensverse waves from numerous local
southern California earthquake records were measured in this study
end resolved into corresponding ineident motion, In the early
gtages of this research, begun prior %o Dr. Cutenberg's layering
hypothesis, amplitudes of 5, et thet time considered to be the
direct wave (see, e.z, Gutenberg, 1943, 1944a, 1945), were measured,
Shoeks ranging in epicentral distances from O to 75 km and 100 to
200 km were used, Those between 75 and 100 km were disregarded to
evoid interference between S and S, energies, Under the new hypo-

thesis, S waves are the direet ones only for epicentral distances

of less than about 75 km, end S, for those of greater distances.
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S emplitude measurements for shocks at more than 100 Im epicentral
distances, accordingly, had to be discarded and were replaced by

measurements of 3, waves for shocks between 75 and 130 km distences.

Small magnitude shocks, usually ranging from 2,5 to 4,0,
with & few as large as 4.5 on the Richter (1935) earthquake megnitude
scale, were used, Adventages in using small shocks are: (1) meny
records from random epicentrel locetions ere awallable; (2) point
source approximations at the foecus, simplifying interpretations of

the results, can be made,

Amplitude measurements were made on Pasadena end Riverside
seismogrems. Useful records from the Pasadena station were acquired

from the following instruments.

(1) Torsion seismographs; two horizontal components, natural
period, 0.8 seconds; damping constant, 0.8,

(2) Benioff electromagnetic seismographss one vertical and
two horizontal componentsj pendulum period 1 secondp
damping constant, 0.8; short and long periocd gelvan-
ometers, 0.2 and 90 seconds, respectively, recorded at
each instrument.

{(3) Benioff strain seismographs; two horizontal components;

instruments undemped; gelvanometer pariod, 70 seconds.

Instruments at the Riverside station consist of two horizontal

component torsion seismographs end one short period verticael
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Benioff types In this study records from only the horizontal
seismographs are useds The Riverside instruments have nearly the

seme constents as the cofrasponding ones et Pasadena,

Short period torsion seismographs, recording through optical
systems, provided the most useful records for this works The magni-
fication and response of these instruments to transient ground dise
placements are more reliably known then those of the Benioff type
recording through electrical systems. Benioff instrument seismograms
are used in this work primarily to check torsion recom displacement

directions.

Analyses of straine cpeated by incident shear waves as re-
corded by Benioff strain instruments were attempteds The instrue
ments ere currently operating through 70 second galvanometers and
do not approximete short period ground strains relisbly., However,
Benioff has recently developed a transducer which, on strain instrue
ments recording through an 0.1 second gelvanometer, will reproduce
ground strains directly for all weves of periods greater then about
0¢2 to 0e3 socondss Strain instruments with such transducers and
gelvanometers may eventually be instelled at the Palomar seismologi-
cal stetions In the appendix & procedure is given for determining

incident shear wave strains with such strain seismographs,.

Transverse waves were identified on the seismograms with the
aid of southemCalifornie travel time curves (Gutemberg, 1944e),.

Initiel amplitudes and corresponding periods of these waves were
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measured. Magnificetion curves for instruments et the Pasadena
stetlon were used to obtain corresponding ground displacements,

The same curves indieste ground displacements on the Riverside seis-
mograms except for a constant "ground factor". Since amplitude
ratios rather than absolute displacements are of interest in this
study, the "ground factor" difference batween the two stations is

unimportant,

Periods recorded at rasadena and Riverside renged from 0,3
to 0.0 seconds. The torsion instrumente at Riverside generally

recorded slightly shorter pericds than those at Pasadena,

Directions end magnitudes of total horigontal ground dis-
placements were calculated as vector sums of north south and east
west displacements. Horizontal components u in the direction of
propagation and v nomal to thet direction were resolved from these
total values, Vertical displacements w were obtained from vertical
component instruments. In this study, u is defined positive when
directed from the epicenter to station, v positive in a direction

rotat ed 90 degrees clockwise from positive u, and w positive downward,

Incident SV end SH amplitudes were resolved from displacements
Uy, Vg, and W, in eecordance with Wiechert's (1907) equations for
partitions of amplitudes incident at the earth's surface., Incident
SV emplitudes were cdetermined from curves (Gutenberg, 1944b, fig. 3b,
pe 99) relating emplitude ratios u/SV and w, /SV %o inecidence engles
i, ¢ With few exceptions SV amplitudes were obtained from u, deter-

minations as resolved from the torsion seismograms, although some
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were obtained from wy displacements based on electromegnetic in-
struments records. Incident SH amplitudes (see page 5) have
comparatively simple reflection characteristics and are taken as

half the magnitudes of the o ground displacements,

Incidence angles used for SV amplitude determinations are
computed for direct rays, assuming e 16 km depth of foecus and ray
paths according to Cutemberg's (1950) erustal veloecity distribution.
Thicknesses and transverse velocities of the upper crustal layers
aere shown on figure 9, Incidence eangles at both the source and the
surface are also shown as functions of eplcentral distances in this
figures In regions where there are no sedimentery recks, the upper
leyer appears to be about 5 km thick and has & transverse velocity
of 3¢4 km/sec. A discontimuity is evidenced between this layer and
thet beneath it. This lower layer appears to bave an average
velocity of 3.8 lm/sece Its thickness ie not known definitely but
for computations of incidence angles, & reasonable velue of 8 km
is assumeds This zone grades into the one below it without evidence
of discontinuity. In the vicinity of the 16 km depth the velocity

has decreased to about 3% lm/sec.

Initial SV and SH motions computed in this study are plotted
on fault maps of southern California (figures 10 through 15).

Observed displacements are plotted at the epicenters.
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FACTORS AFFECTING RELIABILITY OF RESULTS

Factors affecting the reliability of resultant SV, SH,
and SV/SH determinations ere discussed in the following:

1, Reliebility of assumed azimuths of rays

In this paper u is assumed to be directed from the epicenter
to the station; v is assumed to be normal to this directions Epie-
central locations upon which these determinations depend are known
within 5 to 15 km, Thus, except for shocks near the station, errors

in epicentral locations will have minor effects on the results.

Longitudinal waves originating in the San Bernardino Mountain
region have been observed (Cutemberg, 1941) to arrive at Pasadena
slightly north of east rather than along a direct path from the east,
The waves eppear to have been diverted a little north of a direct
path, possibly because of the presence of a higher velocity there.
Assumptions of direct travel paths between these epicenters and
Pasadena should, therefore, introduce only very slight errors in the

results,

2, Initial amplitude identifications on seismograms

SV and SH motions detemmined from initial amplitude obser=-
vations on seismograms are usuelly in agreement with those expected
from known southern California fault types. It appears, therefore,
that amplitude messurements of the initial wave displacements were

made raether than those of a later phase. The question arises whether
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initial wave displacements from the more distent shocks ere too

weak to be recorded, in which case later phases might be mistaken

for initial displacementss Initial shear motions on seismograms
from 14 aftershocks of a quake at 130 lkm epicentral distance in-
diecated, with few exceptions, the same SV and SH displacement direc=
tions. Since the smeller of this group of aftershocks show the same
motions as the relatively larger ones, a reasonable generalization is
that initial displacements were measured in even the more distant
shocks,

Usually initial displacements on seismograms were readily

discernibley doubtful measurements were not used.

3+ Reliability of amplitude and period measurements

Amplitude measurements, even where small, are sufficiently
acourate to indicate horizontal dirsctions of displacement within
15 degrees, Periods of weves were measured to within 0.1 second.
Insignificant errors for the purpose of this study are introduced by

the readings.

4, Responge of seismographs to ground transients
Berlage (1930) discusses responses of mechanical seismographs

to harmonic transient impulses of the form
at

f = ﬁ te smwl
for various frequency ratios. His results can be applied to torsion
instruments, recording through optical systems. Berlage demonstrates

thet the initial phase of 0.5 second transients, an average in this
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study, is recorded quite accurately by 0.8 second instruments,
Ground tremsients are unlikely to be harmonic; therefore, torsion
selsmograph responses to actual transients can only be approxis
mated by Berlage's results. Uncertainties in ground displacements
are reduced by using amplitude ratios of horizontal instruments,
Response of Benioff electromsgnetic seismographs to transient inputs
is & combination of velocity and displacement. SBuch responses are

difficult to interpret.

S5« Anisotropy in the upper crustal layers

Stoneley (1949), after the method of Rudzki (1911), pointed
out thet enisotropy in continental structures will result in dife
ferential SV and SH velocitles. In anisotropic media five con-
stants replece lame's A and M in isotropic media., It is observed
that initial amplitudes of shear waves on the three component seis-
mographs arrive within 0,2 seconds of one another, regardless of
ray azimaths, Time differences of this magnitude are probably
within the limits of error of recording. Anisotropy in the upper
erust of southem Califormie is epparently too small to be discern=

ible on selismogrems.

6+ Reliability of Knott end Zoeppritz equatims

The Knott and Zoeppritz equations are probably reliable for
caloulations of the partitioning of SH waves incident at the
surfeces The equations appear to be good approximations for
incident SV waves, but they involve imaginary reflected compressional

waves for the range of SV incldence angles
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where V; and V, are the shear and compressional wave velocities,
respectively., The equations (Wiechert, 1907 or Gutenberg, 1944bh)
for these incidence angles ere used with complex quantities,
Sheuld the equations be incorrect eapproximetions, SV computations

mey be in error.

7e Variations in wave paths and depths of focus
Veriestions in focal depths encountered in southern California
will not significantly alter incidence angle or corresponding SV

determinations.

The greatest devietion in crustal structure from that of
figure 9 lies in the Los Angeles Basin where large thicknesses of
sediments overly older rocks. There is little question that some
of the direct waves travelling across the basin and recorded in
Pegsedena pass through these sedimentary layers. Sihce thicknesses
and velocities of the sediments are not known well, wave paths
across the basin can only be surmiseds One important effeet of
the sediments on waves is to increase angles of incidence at the
surface: rays leaving the basin are refracted from lower velocity
sediments into higher velocity granites as they approach Pasadena.
The sedimentery beds probably have little effect on initial di-
rections of SV and SH motions, although they probebly do alter the

megnitudes of SV and the ratio SV/SH,
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In sumary, it appears thet direct SH vibrational directions
determined are probebly reliable; those of the SV waves may be
subject to some uncertainty. Values of SV/SH caloulations may be

doubtfule
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DISTRIBUTIONS OF OBSERVED SV AND SH MOTIONS

Initial directions of SH vibrations observed at Pasadena and
Riverside (Figse 10 and 11) indiecate striking consistencies of
motions within local regions. Directions of SV vibrations (Figs.

12 and 15) indicete considerably less consistencies of motions, ale
though in several very localized regions some uniformity is apparent,
SV/SH ratios generally very considerably, but in a few losalities

some uniformity of values is ealso observed.

Vibrational directions of SV waves are known to be functions
not only of horizontal fault components and ray azimuths, as are
the SH waves (Figss. 4 through 8), but are also known to be functions
of vertical feult displecements, Therefore, the observed discrep~
encies of the SV motioms may result, in part, from inconsistent

vertical components of faulting,

The uniformity of SH motions observed indicates that strongly
preferred directions of horizontal fault components exist in southern
California, The SV data indicate discordant vertical movements along
feults in the seme viecinity, Conformability of the SH motions else
suggests that the SH waves are polarized, Polarization of the SV
waves is not so clearly inferred, although some is suggested. It
is pleusible thet the entire shear wave is approximately plane

polarized,
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Smell fenlt displecements over limited fault surfaces can be

considered as linear movementse Thus small faults resulting in

the recorded 8V and SH motieons mey be analysed by comparing the
observations with the theoretical vibration directims end corres-
ponding fanlt movements (Figse. 4 through 8), if deviations from the
assunptions listed on page 10 are properly evaluated, Since direct
rays between the source end surface are refrscted, the assumption of
e straight line path must be modified; the other assumptions (p. 10)

are generally adequate for the purposes of this research.

Refractions through the crustel layers result in a difference
in incidence angles between the surfece and source., Approximate
ineidence angles at the source, for rays travelling the postulated
layers of the upper crust and originating at nomal depths of foous,
are shown dn FPigure 9. Energy losses of direct SV or SH waves from
refractions at discontinuities in the crust are negligible (Gutemberg,
1944b, Fige 1, pe 95) for the epproximete velocity ratios end incie
dence engles involveds Thus neither directions nor magnitudes of
direct SH waves should be eppreciably altered by the horizontal re-
fracting layers. 8V directions are probably not altered substan-
tially, although the ratio u/w does vary with incidence angle,

Direct rays originating at normal depths of foocus will gemerally
travel from a low veloecity layer into an overlying one of higher
velocity. Incidence angles at the source for such waves are calocu=

lated %o be ebout 70° or less (Fige 9)e Such angles are comparable
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to those on Figures 4 through 8, Direct waves travelling across

the basin may, however, leave the source at larger incidence engles.

It cen be concluded that observed SV and SH motions originating
from faults mey be simulated by the theoretical illustrations of
Figures 4 through 8. The data can therefore be compared to these
1llustrations to determine possible related feult types. The theo-
retical figures may be used unamended, except for reys travelling
across the basin. MNinor effects on the vibrations of waves traversing

the basin may be introduced by the sediments.

Tectonic interpretations of the data, discussed in the following,
are based on a comparison of the SV and SH deta with: (1) shear wave
vibrational directions and corresponding fault types shown on Figures
4 through 83 end (2) impulses of compressional waves observed by
Gutenberg (1941) from shocks in the same general regions as the

present study.

Compressional impulses were not recorded in the present investie
gationes Those from Gutenberg's paper pertein to an earlier group of
shocks (between 1934 and 1940) then the date of the present study
(1941 to 1949). As all shocks during the period 1934 - 1949 undoubt-
edly resulted from similar regional stress distributions, compressional
date from the earlier shocks can be used in conjunction with shear

data from the more recent ones to describe related faulting,
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In the following, fault types cmsistent with observed longie
tudinel end transverse wave impulses are described. Each epicenter
used is designated by a letter and & number, as appearing both in
Figures 10 through 15 and in the fundamental date., The letter
refers to en area bounded by a degress of latitude and longitude.
The numbers increase from south to north in each lettered region.
In Figures 10 and 1), initial SH vibrations at Pasadena and Riverside
are showm, In Figures 12 and 13, the initial motions of the hori-
zontal component, u, of the SV weves recorded at the two stations
are shown, In Figures 14 end 15, the initial vertical motions, w,
of the SV waves and the ratios SV/SH observed at the two stations

are givens,
Region C: Group of shocks between Pasedena and Riverside,

At both Pegadena and Riverside the group of shocks between
these stations are recorded with northerly SH motions, suggesting
that the stations are both located on fault blocks moving relatively
northward. SV mbtions, to the extent that they are significant,
sugrest that for same shocks the stations are located on the down-
thrown fault bloek, and for others on the upthrown block. SV/SH
ratios, of questionable reliebility, suggest e wide range of fault
dipss Seven shocks of this group were recorded at both Pasadena
and Riverside. All seven indicated northerly SH displacements;
four indicated the same SV directions, and three opposite directiomms,

Similar SV/SH retios were observed for two of the seven shocks at
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both stations, but for the other five the ratics were markedly dis-
similer, Differences in ratios at the stations were not consistent.
Results from these seven shocks are in agreement with the relative
consistencies in SH and SV motions end values of SV/SH expected (p.
30)

Initial impulses of compressional waves from this epicentral
region (Gutenberg, 1941) usually arrive at Pesadena as eompressions

and at Riverside as dilatations (Figs. 16 and 17),

Faulting in the region consistent with the SH end P impulses
is an approximetely east west trending reverse or thrust type.
SV end SV/SH date ere generally in sgreement with such feulting.
San Andreas type of motion, & northwesterly trending right handed
transcurrent movement, is not in agreement with the SH displacements
recorded at Riverside. North of this group of shocks lies the San
Andrees fault, probably defining the northerly limit of the osten=

8ibly reverse or thrust type of movements.

It is notable tlat the above mentioned group of shocks recorded
at the Pasadena station are wholly compatible with the San Andreas
type of faulting; recordings at both Pasadena and Riverside were

required to determine the feult types deseribed,

Region E - Fz  South of Pasadena

The group of shocks south of Fasadena are generally recorded with
southerly SH motions at both Pesedena end Riverside, indicating a
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predominately southerly displacement of the fault bleck on which

the stations are locateds About 75% of the SV waves from these epi-
canteors are recorded as up motions at Pasadonay most of the rela-
tively few shocks from this region recorded at Riverside are down
motions. Ratios SV/SH varied markedly and were quite erratic et both
stations, Gutenberg noted thet from these epicenters dilatations

gemeral ly arrive at Pasadena and canpreesions at Riversides

Fault patterns consistent with the date are not readily discern~
ibles Of the common fault types, that most in egreement with the data
is a slightly north of east trending reverse or thrust movement. The
Norwalk fault mey be one of such displacement, Generally San Andreas
tyres of motion are not consistent with the SH date at Pasedena, ale
though several secattered shocks in this region do suggest a few such
displacements. Due east west reverse or thrust feults are not cone
sistent with some of the P data at Riverside; northeasterly trending
left handed trenscurrent faulting is not in close agreement with 8H
data at that station. A mejority of the data does not substantiate

vertical, horizontal, or normal faulting.
Region E: Southwest of Pasadena

SH and SV motions from shocks southwest of Pasadena were
studied only at the Pasadena stetion. SH motions indicate southerly
displacements of the fault block on which Pasadena is located. SV
motions are ineconsistent, Longitudinel waves have been shown by

Gutenberg to arrive ac dilatations at Pasadens and compressions at
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Riverside, Waves from many of these shoeks recorded at Pasadena
probebly traversed the sediments of the Los Angeles Basin. WNo
appreciable changes in SH motions resulting from the sediments are
evidenced. SV .date are too erretie to determine proassible effects

of the sediments on SV vibrational directionss Faulting consistent
with both the compressional and shear wave data includes either
northeasterly trending reverse movements or northwesterly trending

San Andreas type of displacements,

Region A » By Northwest of Pasadena

SH end SV date from shocks northwest of Pasadens were studied
only et the Pasadena station, A mejority of the SH motions have
northerly components, SV velues end ratios SV/SH are inconsistent.
Longitudinal waves recorded at Pasadena are shown by Gutenberg to
arrive usually as dilatations, although several compressions are obe
served, A%t Riverside both compressions and dilatations are recorded,
From the data it wuld seem that more than one type of feulting is
common, Some of the data is consistent with east west trending re-
verse or thrust faults, and some with northeasterly trending left

handed transcurrent faultse

Rogion C « D = F = G: East and northeast of Riverside

Most 8H motions from siocks east and northeast of Riverside are
recorded with northerly components at Riverside., The relatively few

SH data from this repion studied et Pasadena indicate both northerly
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and southerly motions. SV and SV/SH data are generally erratic at
both stationss Gutenberg indicates that at Riverside longitudinel
waves from this region are recorded predomimately as compressions,
although some arrive as dilatations, At Pasedena, the longitudinal
weves usually arrive as compressions, lost of the date is consistent
with the San Andreas types of faulting, although some, inconsistent
with such movements, are in agreement with reverse or thrust faulting.
Date from a group of 14 aftershocks of a queke near Cabazon, in the
vicinity of where the Sen Andreas fault strikes approximetely east
west for a short distence, all suggest reverse or thrust faulting,.
Probably transcurrent and reverse fault types coexist in the general

arca east of Riverside.

Region ' « Gy BSoutheast of Riverside

SH and SV motions from shocks southeast of Riverside are
studied et only the Riverside station. Most of the SH motions have
southerly components, but several, particularly in the northern part
of this region, have northerly motions. The SV waves from shocks in
this region at more than about 50 km epicentral distances usually
indicate consistent initial down motions end smell SV/SH ratios.
Longitudinal waves recorded at Pasadens, according to Gutemberg,
arrive usually as compressicns, and at Riverside as either compressions
or dilatations. San ’ndreas types of movements ere gemerally con-
gistent with the date. Rays from such fractures travel along the
general line of faulting toward the two stationse For such paths

some of the variations observed in the data would be expected., The
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rather unusual consistency in both the SV motions and in the small
ratios of SV/SH ere also in agreement with primerily horizontal

faulting in northwesterly and southeasterly directions,
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Fige. 16. Initial compressions (triangles) and dilatations
(circles) received at Pasadena, Impulses plotted
at epicenters. After Gutenberg, 1941.
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Fig. 17. Initial compressions (triangles) and dilatations
(circles) received at Riverside. Impulses plotted
at epicenters. After Gutenberg, 1941,
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FAULT PATTERNS IN SOUTHERN CALIFORNIA

Seismologicel evidence for regional crustel structures and
fanlt movements in southern Celifornie hewve been previously dise
cussed by Gutemberg (1941, 1943) and Wood (1947). Particularly
interesting ere some of Gutenberg's (1941) findings on the impulses
of longitudinal weves fram shocks south of the Transverse Ranges,
These impulses are usually consistent with northwesterly trending
right handed trensecurrent (strike slip) types of displacements (San
Andreas type of movement) in which the sauthwesterly block moves
relatively northwests The results are reported rarely to be consise

tent with left handed motions along such faultse

Results from surface geologic mapping indicate that two types
of fanlts have prevailed in the general vicinity of the Los Angeles
Basin area of southern California.* One is & northwesterly trending
movement of the San Andreas type and the other is an east west
trending essential ly vertical type of displacement. Such a fault
patbtern is fundamentally consistent with the seismic data cbtained
in this study end by Gutemberg (1941), suggesting that present day

faulting may be very simidar to that of the recent geologic pasts

In some parts of southern Californie it appears that one or the
other of these two feult types prevails, although there ere some

regions in which both appear to exists A regional distribution of

*Oml communication, Dr, J. P. Buwalda,
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of the fault types in agreement with the seismic data may bes

1.

24

Trenscurrent displacements trending northwesterly occur
elong the San Andreas fault and northeast and southeast
from Riverside., East of Riverside, in the vicinity of
Cabazon, the deta indicate that in addition to trenscurrent
movements numerous east west trending reverse or thrust
feulbs may existe In this region the San Andreas fault
strikes approximately east west for a shert distences It
may well be that displacements in this portion of the San
Andreas feault itself are primarily vertical rather than in
the usual horizontal direction. Initiel motions of a series
of aftershocks from this region are all consistent with re-
verse or thrust novements, Southwest of the Los Angeles
Basin éither reverse, thrust, or Sen Andreas types of dise

plecements are in agreement with the data.

Reverse or thrust faults trending east west, with some
variations in strike, appear to prevail in most of the

Los Angeles Basin. Known displacements of this type in

the vicinity of the basin include the Whittier, Norwalk,
and Foothill faultse. Approximate dips of individual fault
planes cannot be detormined as the SV and SV/SH data are

not consistent, Probably the dips vary; some may be low
engle, although many, from the overall average SV/5H ratios
eppear to be high angle, UVortherly fault dips are suggested

by the SV data from same shocks and southerly from otherse
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3¢ Coexistence of eest west trending reverse feults and
northeesterly tending transcurrent feaults is indicated
in the Transverse Ranges northwest of Pasadena, lost of
the transourrent faults woauld eppear to be left handed,
ie0s, the northwest block moves relatively southwest.
Few data are in agreement with northwest trending right

handed San Andreas types of movement.
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POSSIBLE SBTRESS DISTRIBUTIONS IN SOUTHERN CALIFORNIA

The source of stresses acting in southern Californie is not
known, but, as pointed out by Gutenberg (1941), it is probably
related to differences in the Pacific and Continental structures
in the cruste Regimel stress distributions resulting from the obe
served fault pattem and consistent with the seismic data can,

however, be postulated very generally,

One approximation to a stress distribution in southern Califore
nia (Gutenberg, 194l) involves essentially shearing stresses acting,
at depth, in a northwest southeast direction, A different type of
distribution, involving principally compressiocnal stresses, cen also
describe the overall fault pattern. Such a distribution, undoubtedly

modified by complications at depth, is discussed in the following,

All of the fault types mentioned in this paper could be produced
by & maximum principal stress sacting in a north south direction.
The strikes of both the transcurrent and thrust faulte are in agreee
ment with principal stresses directed very roughly north south, east
west, end vertical. Variations from these directions may be appreci-

able in the mountainous regions.

Anderson (1942) has pointed out (see Terzaghi, 1943, for gener=

alized theory) that east west trending thrust faults may result if

v > Ge > G,
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where (, is the north south principal stress, Oy the east
west, end (, ‘the vertical principal stress, and that northweste

erly eand northeasterly trending trenscurrent faulting results if

v > Gy > Gp

The intermediate principal stress lies in the fault plene. When
the horizontal principel stresses are nearly equal but larger than
the vertical, then (see Anderson) irregular striking thrust faults

occurs i,e.
O v G > Gy

When the vertical principal stress and one of the horizontal prineiple
stresses are nearly equal, but smller than the other principal stress,

thrust and transcurrent feulting may coexist; e.ge.

G, > 0, v« G¢

A very generalized stress distribution in southern California
roughly consistent with the seismiec data may thus be postulated as:
l. In the region of the San Andreas fault northeast and south=-
east of Riverside, and possibly also in the region southwest

of the Los Angeles Basing

6, > G > G
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2. Bast of Riverside where the San Andreas fault strikes
east west for a short distance, end in the Transverse

Renges northwest of Pasadena:

G > G, v« G

3« In most of the Los Angeles Basin as far east as Riverside,
end particularly in the region between Riverside end

Pesadensa

Gy > Ge > G,

Variations in the strikes of these feults, in so far as
they exist, suggest that in this region On may not be
much lerger than (r

Complications at depth undoubtedly elter these oversimplified
stress distributions, For example, the angles between the northe
westerly and northeasterly itrending transcurrent faults, as evidenced
between the Sen Andreas and Carloek faults, are usually larger than
would be consistent with this simple pictures Aléo, although thrust
faults are readily explaingble by this stress distribution, reverse
faults may involve additional stresses. The assumed stress picture

postulates complementary systems of faults. From surface geology it
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eppears that one set of these complementary systems is considerably
more active than the other, indicating that other crustal stresses
ere probably also effectives Nonetheless, the overall fault pattern
in southern California is essentially consistent with a stress dise
tribution in which a north south prineipal stress direction is a

maximum, and in which, in some areas, (. > (., , in others

G — G » ond in still others, (., < (, o«



APPENDIX

DETERM INATION OF SHEAR WAVE STRAINS

Linear ground strains created by seismic disturbences can be
determined epproximetely with Benioff strein seismometers, The
accuracy of the approximations depends on the frequencies of the
soismometer rod, recording gelvanometer, and the ground disturbance.
Expressions for strainsg of incident transverse waves will be derived

in the following.

Let it be assumed that plane shear waves arrive at the instrument.

They will give rise to & horizontal displacement

g where f/:: W

Following the enelysis of Benioff (1935), the component of ground
displacement perallel to the instrument rod (Fig. 18) is

ﬁ;cn)"

vwhere the angle 7/ is measured in a clockwise direction between the

ingtrument and the direction of horizontal ground displacement. lLet
x be the direction of the rol, The linear ground strain at x is

iémf

2X
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rod

instrument

PLAN VIEW

Relationship between strain seismograph orientation,
horizontal direction of shear wave propagation, and
horizontal components of ground and incident wave

displacements.,
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The displacement between the instrument piers, separated a distance

a- [

When the ground waves (plane) are long compared to the length of the

L, is then

o5 Y dX

&

(3)

instrument rod, Y and 96 /J)( are approximately constant. The

strain between the seismometer piers is then

4 _ 4,
L_JXCST‘ (6)

Beniof f (1935) hes shown, for ground displacement of the form
g =7 (t- 1) (7)

where r is the coordinate in the line of propegation end ¢ is the

apparent velocity, that
pll
X < Y (8)

/6 being the angle, measured clockwise fran the instrument, between

the rod end direction of propagetion. A linear strain between the
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instruments plers is now, by substitution,

(9)

Since (Mig. 18)
Y=(f’_+/s‘+5l/) (10)

equation (9) can be written as

8 wsB e (Bry) I

L c Jt

Ground displecements u, and V5 oo» determined from pendulum instrue

J
ment records, are related to the engle ;// by

¢ = T (11)

- A
Ay

J
Strain measurements of incident transients necessitat es seismo=-
sraphs that respond directly to ground displacanent. Instruments now

in use at Pasadena do not have such a response to short period trane-

sientss However, Bemioff has designed a new tramsducer, which, used
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on a strain selismograph recording through an 0.1 second palvenometer,
measures ground displacements of ell periods greater than about 0,2
to 043 seconds. Amplitudes written on seismograms by strain instrue
ments with such transducers and short period galvanometers are pro-

portional to ground strains, vize
(+)
zZ= K\ (12)

where X is a proportiomelity factor., Substituting

.

Z- K g;{fwf

oy

" & : #
s Kﬁw(ﬂw (13)

For two strain instruments oriented perpendicularly in the directions

x, and x,
Z, = K: Z)’%' (29 r
I% (14)
2z = K —)—6- & rl
: X
defining (15)



T

end substituting gives

o OB g
Za - "<| ;;(9; At [ﬂ W)
(16)
)
z, = K. —ﬂ,—;’; oo [ﬂ* v)

Horlzontal components of ground emd incidemt displacements san

be related by the equations (Fig,. 18)
A
wy = Vg
)
=
7 %

where u,/ v, and ;'4 refer to incident motions, and

(17)

-1 M

y e o

At the earth's surface incident SH displecements are related to
ground displacements, using the Knott and Zoeppritz equaticns, such
that v,; equals half vy i.00

(18)

Sinece angles 7 and // are constant for plane waves,



JE, JE&
;}J Z(%) X0 (
o)g Jﬂ 19)
Toea(22) %

Substituting
22 —2K aim (pro) (25 ) 5
/%,
2, = 2K, @ (ﬂ*V)(LM/

e

X

Transposing and writing ¥ for 1/(2K)

iﬁ( ol )%,

JX! /H/M(ﬁf'w)"ﬂ"z
.ifi - ﬁ; ( ,__,_M_d-—— )2,, ()
28 c(g[ﬁ,u//)cm/

Incident shear wave strains aere (Fig. 18):

4, JE L JE .
(z,’),- = gy o) " ';z/w/ﬂﬁ)
4.

(Zl— ; jx; wof’ = /xz s (+7 )

(21)

|

where f: (é?f/;‘f'ﬂz)
- fer-t
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Incident strains can then be written as

(2, - & (e

() -
Ly /i

8implifying gives

()

(),

_ ﬁ(m(/s#q/)cn’?)

4 (’;‘,@iﬂ%)%
- [+ col B law ¢/

(22)
- 4 (/"ZZ/VI [aat 5
) e p Ty

Total horizomtal incident streins can readily be caloulated from

these strain components.
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BASIC DATA

The basic date and the initial vibrational displacements in the
directions u, v, and w are shown on the following pages, each shock
identified by letter and number corresponding to those in figures 10
through 15, Ilatitudes and longitudes of epicenters, origin times,
and magnitudes of the shocks used were determined by the Pasadena
seiamological laboratory staff. Origin times are given by year,
month, day, hour, and minute. Ground emplitude measurements are

given in mierons; periods of the waves in seconds,

Seismogrems measured are denoted by three letters: T or B, for
torsion or Benioff seismograph; S or L, for short or long peried ine-
strument; and N or E, for north south or east west component instru-
mente Thus TSE indicates the east west component of the short peried

torsion seismograph.

Most of the observations were made on the torsion seismograms,
Although only ome set of measurements at each station are listed on
the data sheets, amplitude measurements frequently were made on
seismograms at Pasadena from the horizontal torsion and/or the horie
zontel end vertical Benioff instruments. Torsion seismogram readings,
when they were obtained, were used in preference to those of other

seigmograms,

Initial displacement directions are indicated by the components
u, v, and wo A plus u is in the direction of epicenter to station; a

plus v is rotated 90° clockwise from & positive u; and w is indicated



b=
by "U" for an up motion, and "D" for a down motion,

A sample caloulation will illustrate the method of determining
vibrational directions. Fer the shoek ¢ 2, emplitude readings are
«70 4 south on TSN end +45 M west on TSE, The resolved total horie
zentel ground displacement is accordingly 83 4, in e direction ro-
tated 2120 clockwise from north. The ray azimuth is 313° clockwise
from north, The vibration direction of the shear wave is then 3130

212° or 101° clockwise rotation from the direction of propagetion,

Components in the line of propagation, “g' and normal to the
directien, Vge can be resolved from the total horizental displece-

ment (.83/4 ), giving ug = —.16/4/ and vg = -.81/1.

Assuming a normel depth of foous and e layered orust according
to Gutembergz's (1941) findings, the incidence eangle for such an epi-
central distance (Pig. 9) is 640, SV calculations based en curves of
ug/SV ve i, (Gutemberg, 1944b, fige 3b, pe 99) indicate that the incie
dent SV emplitude is 4-.32/4 , where the plus refers to the sign of the
direction u, The SH smplitude, half the magnitude of v, is -41/4 .

g
The ratios SV/SH = 0,8, Thus vy is =, uy is + and wy is down,



Foe

1

10

11

12

13

14

15

Lat
Long

33 25
116 57

33 26
116 13

33 29
116 35

33 29
116 42

33 33
116 50

33 37
116 57

33 45
116 54

33 45
116 55

33 47
116 50

33 53
116 44

33 55
116 42

33 58
116 45

33 58
116 45

33 58
116 45

33 58
116 45

Day
Time

49wl w22
13:15

486520
13:29

49-2-5
22:24

48-12-28
04353

45-9-22
01:05

47827
23159

49-1-8
22321

4849-16
11:22

47=10=6
06318

47=8-9
07:12

431117
03:28

44512
02350

44612
03113

44612
05 145

44612
06343

Mo

3.2

345

340

4.0

3.8

2.6

2.9

4.5

Sta
Dist

130

130

130

130

-68-

Inst

TSN
TSE

3N
TSE

TSN
TSE

T8N
TSE

TSN
TSE

TSN
TSE

8N
TSE

TSN
TSE

TSN
TSE

TSN
TSE

TSN
T8E

TSN
TSE

TSN
TSE

TSN
TSE

TSN
TSE

Ampl

458
o53W

708
oA5W

»218
o25W

538
«TOW

«878
1.1w

«428
o56W

358
180

<288
«18E

<18
«14E

<188
«11E

«7TON
«70E

358
«28E

»188
«18E

+608
«45E

«108
+18E

Per

0.4
043

045
0.5

0s6
0.5

045
045

0s3
0.3

0.4
0.4

05
005

0e3
0e3

0.4
0.4

0e3
03

0.5
0.4

045
0.4

0.4
0.4

0.5
Os4

0.4
04

w SV/sH
D O
D 048
U 062
U 047
U 0.l
U 0.7
D O
0 0
D 049
D 1.0
D 2.8
D 43
D 5.7
D 5.8
D 10



No,

16

17

18

19

21

27

28

30

Iat

33 58
116 45

33 58
116 45

33 58
116 45

33 58
116 45

33 58
116 45

33 58
116 45

33 58
116 45

33 58
116 45

33 58
116 45

33 58
116 45

33 58
116 45

33 58
116 48

33 58
116 48

33 59
116 46

33 59
116 52

Time

44ubwl2
12422

44.06=12
1421

44613
09:30

444613
10437

44=6=13
17:21

44513
19431

44615
12:44

44623
13428

44-6-27
22455

44-7-1
02:53

45-12-14
10149

446=10
03:11

446=10
03315

48m8-29
13145

45497
07345

Mo

36

4,2

347

343

3.3

348

346

3.7

2.6

4,5

4,0

Dist

130

130

o

130

130

130

130

130

130

130

130

130

130

130
56

53

659 =

T8N
T8E

TSN
TSE

TSN
TSE

TSN
T8E
TSE

TSN
I8E

TSN
TSE

T8N
TSE

TSN
TSE

TSN

TSN
TSE

TSE

TSN
TSE

TSN
TSE
TSN
TSE

T8N
TSE

Ampl

«108
«O7TE

«708
+O0E

«108
145

«188
«10E

«218
«14E

0138
«18E

528
+45E

«10N
+ 145

2158
«35E

«378
«28E

«318
«25W

3478
2.3E

«468
«TOE

« 14N
«11E

oSN

35N
«35E

Per

0.4
044

Ce4
004

044
0.4

Ced
044

044
0.4

0.4
04

044
044

0.4
0e4

05
0.5

04
044

0.4
044

043
Os4

0.3
0.3

044
0.4
0.4
0.4

0.4
0.4

8v/sH

346

10
4,1
5e5
440
50
3.7
10

367

364
94

2.0
4,8

97



Hos

10

11

12

14

15

lat

33 21
117 23

33 23
117 02

332
117 20

33 28
117 48

33 37
117 24

33 37
117 24

33 40
117 00

33 40
117 58

33 41
117 87

33 41
117 57

3B 4
117 17

33 47
117 17

33 47
117 52

33 48
117 08

33 48
117 52

Time

421019
15127

47-5=18
21:28

47=9=6
08443

48524
10:06

48ubul
0228

48wdes
0228

43-4-15
23104

47wl=8
18:20

48w33
11332

45-2-17
12:00

461230
10357

48-4+30
04352

43-10-29
08431

4797
00:¢25

438-11
08:01

M,

3

346

247

2.8

3¢5

2.9

3

Ste
Dist

P

ow Qw

= 8w
=

Bw B Bw 8w Vo B

B

W
O

«70m

Inst

BSN
BSE

TSE
TSN
T8E

TSN
TSE

TSN
88

TSN
TSE

BLN
BLE

BSN
BSE

BLN
BLE

T8N
TSE

TSN
TSE
TSE
TSN
TSE
TSE

T8N
TSE

BLN
BLE

Ampl

488
« 240

HLO78
» LAW

878
.49

A2N
»20E

708
A5W

«708
94

«33N

098
+16E

13N
o35W

o 21N
«25B

«358
WA2E

16N
1,28

+0888
S

0398
AW

53N
«94E

2308
1.1W

0u3
063

0.4
0.4
0.3
0.3

03
0.3

045
045

043
0e3

045

SO0 05

043
043

0.5
046

046
0.5

0,6
0.4

0e3
0.3

043
0.3

05
0.5

0e3
0.3

046
046

SV/SH

244

1.7
Ce7

740
1.0

365

1.3
1.2
3.1

5e7

1.7

2.4



Noa

16

17

18

19

25

28

30

lat

33 48
117 53

33 48
117 53

33 49
117 45

33 50
117 04

33 50
n7 1

33 50
117 35

33 50
117 40

33 50
117 50

3351
17 17

33 51
117 20

33 51
117 24

33 51
117 45

33 51
117 52

33 51
117 53

33 52
117 47

Day
Time

47=8«18
11356

47818
11456

47=1=18
22343

43611
5328

48«12«10
15306

49«1 =26
1l:12

449220
08:35

44-12-13
15:51

47117
19502

48«10=5
12:16

42=5=15
17:12

49w2al
03159

43«10-19
19314

45-9=4
21334

49 ~1-29
07444

Mo

2.8

2,8

3.1

3.l

243

2.7

Dist

&w Bw

W
U OB

104

Sy B B¥w

Ko &

«Tl=

Inst

BIN
BLE

TSN
TSE

TSN
TSE

TSN
TSE
BLN

T8N
TSE

TSN
TSE

TSN
TSE

TSN
TSE

BLE
BLE

TSN
TSE
T8N
TSE

BLN
BLE

T8N
TSE
TSE

T8H
TSE

TSN
TSE

Anmpl

+40N
«30W

o218

288

»11E

«288
«11E

538
«53E

+288
+60E

«42N
o35W

«868
1.5W

«30N
+30E

»21N
»OTE
4,70
343E

30K
«808
«20W

«308
»20E

0188
<100

538
o25W

Per

046
0.6

O3
0.4

03
0.3

05
(R

0.3
04

043
0e3

0.4
04

0.4
0e3

046
046

044
043
0,2
043

046
046

0,5
0.5

044
045

04
0.4

0e3
0.4

10

1.8

365

5e3

1.8

740

045
8.2

3,1

3.0

0e2

5e3

4,0



Yoo

31

32

33

34

35

36

3

38

39

41

42

43

45

lat
Long

33 53
117 18

33 53
117 43

33 54
117 58

33 55
117 19

33 55
117 26

33 55
117 26

33 56
117 22

33 57
117 18

33 57
117 18

33 57
117 37

33 58
17 14

33 58
117 39

33 59
117 20

33 59
117 30

33 59
117 33

Day
Time

46wl=19
07:55

444725
00:20

49=1-30
16:21

48+3=15
19346

49=2428
07 +47

48+4-16
06328

43+10-23
16:29

45.11=8
03:19

45.11-8
051306

43wT =4
1353

4718
05124

48625
14512

47-6=25
04:30

47 =8=30
02348

48 -2«18
03155

2.4

3.l

245

2.5

3.0

340

342

2.7

263

72w

Sta
Dist Inst
P TSN
89 TSE
P TSN
49 TSE
P TSN
32 TSE
R TSK
9 TSE
R TSN
14 TSE
R TSN
10 TSE
P TSN
76 TSE
P TSN
82 TSE
P TSN
82 TSE
P TSN
54 TSE
R TSN
12 TSE
P TSW
50 TSE
R TSN
25 TSE
P TSN
78 TSE
R TSH
3 TSH
R TSN
12 TSE
R TSN
17 TSE

Ampl
«218
«18E

»188
«20W

#1185
«16W

4,08

Per
0.5
045

05
044

0.4
044

043

10.7W 043

1.8V
1,68

« 88N
1.6E

52N
«70E

«358
«20W

«21N
«18%

«63N
+25E

3450
1.7E

014N
<110
2,88
1,40

#18N
<180

6470
4,9E

«42N
1,2E

1.1W
1.2E

042
0.2

0.5
0e5

0ed
05

046
046

045
0.6

04
044

0e3
043

044
0.4
03
043

0.4
0.4
043
O3

0.3
043

0e3
0.2

w SV/SH
D 8.0
U 1.4
0o o0
D Ol
D 2.3
D 2.0
D 3.0
U 4.0
U 640
U 0.2
U 043
U 640
D 8.8
U 30
U 0.7
D 3.2
D 13



Wo.

P
46

47

10

11

12

13

1at
Long

33 59
117 33

33 59
117 33

33 22
118 09

33 32
118 23

33 35
118 01

33 39
118 06

33 40
118 05

33 40
118 09

33 42
118 06

33 43
118 10

33 44
118 09

33 45
118 14

33 46
118 10

33 47
118 02

33 47
18 15

Day
Time

48-2-18
05:38

48-2-18
05338

42-4=15
23328

45-6-27
09317

48524
02:38

46=11-22
00319

43-5-18
14135

43517
11:21

44-8-15
22332

44-10-23
14:00

44.1-14
00308

44726
14459

49«2-27
16217

44-12=24
00:18

44-7-26
14159

Mo

33

3e3

2.8

346

3.0

Sta
Dist Inst
R TSN
17 TSE
P TSN
58 TSE
P TSN
85 TSE
P TSN
69 TSE
P TSN
63 TSE
P TSN
5% TSE
P BLN
53 BLE
P BIN
52 BLE
P TSN
48 TSE
P TSR
44 TSE
P TSN
46 TSE
P TSN
40 TSE
R TSN
78 TSE
P TSN
40 TSE
P TSN
40 TSE

Ampl
18,0N
16 ,0E

«21lN
«28E

«538
o TOW

<18y
«10E

o TON
1.1wW

«218
«18W

1.88
1.3E

<658
1.3E

+35W

35N
350

«20N
<300

1.88
1,0E

«21N
+18E

<188
o11W

1.88
1,0E

Per
0.2
0.2

046
046

0.4
Oe4

0.4
04

045
0.6

0.5
045

046
046

046
046

0.4
0.4

0.4
OC.4

0.5
045

0.4
044

0.4
045

0.6
0.4

0.4
0.4

SV/sH
1.8

340

3.1
10

3.6
4,0
840

2,1

2.9
6.5

945

4,0



Yoe

14

15

16

17

18

19

22

24

lat
Long

33 47
118 25

33 48
118 00

33 49
118 39

33 51
118 39

33 51
118 43

33 52
118 01

33 52
118 03

33 52
118 13

33 52
118 15

33 52
118 37

33 53
118 00

33 53
118 05

33 55
118 02

33 55
118 13

Day
Time

422226
17228

43~7417
13:33

45126
14400

46wtied
05304

471012
23425

47=9=11
13419

44419
22:02

446m18
23:28

44.6=18
23153

43 w10«20
13:34

47=5=3
1439

48«2«19
11436

46wT=3
15:40

48u2=19
20s21

He

w

W

2,8

2,9

2.9

2,6

2,9

2.5

e

3ta
Dist Inst
P TSN
46 788
P TSN
42 TSE
P TSH
62 TSE
P T8N
56 7SE
P BIN
62 BLE
R TSN
124 T8SE
P TSN
35 TSE
R TSN
62 TSE
P TSN
35 T8E
P TSW
35  TSE
P TSN
35  TSE
P BIN
51  BLE
P TSN
33 TSE
P TSN
29 TSE
R TSN
65  TSB
P TSN
27 TSE
R TSN
78 TSE

Ampl
«188

« 280
+35E

+288
«21E

+118
«21E

24,08

+58N
+66E

53N
o350
+288
<180

«308
0
»358
«35E

«288
«56E
«258
+TOE

«21N
1AW

«S3N
46w
231N
«14E

«17N
340

35N
«35E

Por

044
0ud

0.4

0.4
0.4

0.5
0.5

046
046
0.4
0.3

0.4
044
043
0e3

045
0.4

0.4
044

0.4
04

0.4
046

0.5
0.5

0.4
044
0.4
0.4

0.4
044

043
043

w SV/8H
D 6,0
U 1.5
U 0.1
U 2,0
D 740
U 4.0
D 21
D 3.7
D 14
D 2.4
D 0.8
U 2.7
U 100
U 840
U 3.1
U 5.5
U 5.0



Tet Day Sta

Y¥os Long Time le Dist Inst
B

28 33 55 47«10«24 3,0 P BIN
118 28 11314 38 BLE
R TSH
101 TSE
29 3356 45-1-18 3,5 P TSN
118 19 21:10 30 TSE
30 33 56 44-6-18 2.6 P TSN
118 22 10:09 30 TSE
31 33 57 45-245 244 P TSN
118 21 06343 28  TSE
32 3357 45-2-6 3.5 P TSN
118 21 14156 28 TSE
33 3357 47-6-16 2,8 P TSN
118 21 0759 89 TSE
34 3357 45-2.7 2,6 P TSN
118 21 01.:11 27 TSE
35 3359 43-9-23 2,5 P  TSH
118 18 5421 20 TSE

1 3400 44«6-12 3,7 P T8N
116 42 16419 138 TSE

2 3400 44824 4,2 P TSN
116 42 23430 138 7sE

3 34 00 492416 2.7 R TSN
116 56 03302 40 TSE

4 3403 45-9-3 3, R  TSH
116 48 15:08 o3 TSE

S 3405 43-3-30 34 R TSN
116 49 08425 51  TSE

6 34 07 4842-28 3.6 R TSN
116 14 09:24 103 T8E

« 10N
«30W

«358
+18E

2450
3.7E

« 10N
«10E

«10N
+28B

2,68
2,1B

«188
180

638
A2E
.888
1,28

428
+35E

«528
2

o428
o170

320
o350

1.1N
«54E

358
«45E

Per

046
046
043
043

044
044

Ced
0.4

045
05

04d
04l

044
05

0.4
044

043
043

0«4
04

044
Osd

0e3
0e3

0.4
0.4

03
043

0.4
0.4

i)

SV/SH

345
1.6

10
13
15
543
4.6
1.8

1.5

447
247
L5
342
340

760



Hoe
D
7

10

11

13
14
15
16
17

18

lat
Long

34 07
116 53

34 09
116 48

34 10
116 30

34 10
116 48

34 12
116 54

34 15
116 41

34 16
116 58

34 18
116 45

34 20
116 39

34 20
116 53

34 2
116 52

34 26
116 59

34 00
117 30

34 00
117 42

Dey
Time

40wlinS
11:11

49323
15:33

48m1lell
161225

48=7=30
09:24

45-3-27
10:41

47=8=29
11109

438«28
19557

47310
21:50

47 =8=31
18326

43-10-14
06328

4310=15
08450

45=4=17
20:58

47-5=28
14441

47=11«8
22139

346

345

34

4.5

445

4.3

2.4

245

Ste,
Dist

P
115

110

B

w76
Inst
TSN

T8E

T8N
T8E

T8N
TSE

T8N
TSE
TSN
T8E

T8N
TSE

TSH
TSE
T8E

TSN
TSE

TSN
T8E

bl
TSE

TSN
TSE

8N
TSE

b
TSE

TSN
788

Ampl

«13N
«35E

#2658
«35E

03N
»AGN

o L4N

« 250
«7ON
1.20

WA5N
«18E

o328
«10W

«088
1.1E

«208
« 240

WA5K
«350

1.48
1.4E

« 588
»388

o528
358

1.80
«OOH

#11N
2118

Per

044
044

Ol
044

044
Oed

0.5

048
0.4

0.5

045
Oedt

044
0.4

044
Os4

0.4
0.4

045
0a5

0ed
045

0.4
Ced

04
0.4

0a3
03

045
045

w

SV/SH

33
1.8

940

344
240
Oud
440
046
046
345
342

940

047

240



Nos
¢
2

10

11

12

13

i4

15

16

17

Let
Long

34 00
117 42

34 01
117 07

34 02
117 05

34 02
117 17

34 02
117 32

34 02
117 38

34 02
117 38

34 03
117 06

34 03
117 40

34 04
117 45

34 04
117 49

34 05
17 02

34 05
117 30

34 06
117 30

34 06
117 38

34 06
117 38

Day
Time

47-11-8
22:39

48=8=31
21:58

49l =3
12:07

43e5=31
03:30

48«2a]
11346

45-10~15
05159

48wiwld
00309

451119
01:38

44=T=9
0542

46T =1
23426

487417
17103

45617
01303

47=12-30
12440

42=12«24
10:19

4833
0759

48 w3
07159

K.’

27

2,8

246

242

247

2.3

245

249

3.2

346

34

244

345

345

Sta

Dist

(93]
N =

Bew Ve Aw ow Ve 8o

R

-77-0
inst
TSN

TSE

TSN
TSE

T8N
1SE

TSN
TSE

TSN
ISE

TSN
TSE

TSK
T8E

T8N
TSE

T8N
ISE

TSN
TSE

TSN
TSE

T8N
TSE

T8N
TS8E

T8N
TSE

T8N
TSE

TSN
TSE

Anpl
o321
o14W

« 38N
O30

46N
«28W

« 381
3eTW

98N
1,1

« 30N
o TOW

«32N
+35E

+28N
52

+208
«30E

o TON
#A9W

« 50N
1.20

«O7H
«21W

2,68
1.48

35K
«21W

1,41
o 7O

2,38
Se3E

Per

062
03

043
0s3

044
0.4

0e3
03

0e3
0a3

03
0e3

Ce4
044

043
043
044
0.4
0sd
0.4
045
0s5
0,4
044

042
043

0.4
0.4

044
045

03
043

w 8V/SH
D 144
U 262
U 1.3
D 1a7
D 5.7
D Se4
U 49
U 6.3
D 849
U 44,0
U a7
D 1.1
U 0.5
U 3.0
U 2,0



«7 B

lat Dey Sta

Noe Long Time Me Dist Inst
g .

18 34 43211 2,5 P  TeN
117 05154 43 8B
19 34 08 A48«102 3.4 P TSN
117 37  15:07 50 T8E
20 34 09 47-5=20 3.1 P TSN
117 31 2117 : 59  TSB
R TsW
22  TSE
21 34 10 4444415 3.3 P BN
117 29 20,10 60  BLB
22 3410 44-4-22 3,0 P 78N
117 29 22,10 60  TSB
23 3410 48«10«2 2,7 P TSN
117 36 19:34 51 TSB
R TSN
28  ISE
24 3411 48«25 3.5 P I8N
117 32 12344 57  ISE
2% 3411 48-42<5 3,5 R I8N
117 32 12:44 25  TSE
26 3411 48-10-2 4,0 P TSN
117 35 1846 52 TSE
27 3412 48«8-31 2,8 P 78§
117 29  00:49 62  T8E
R T8N
24  TSB
28 34 12 4842429 2,3 R TSN
117 30  21:08 26  TSE
29 3413 44-6-7 3,5 P T8N
117 30 13:10 64  TSE
30 3414 47210 2,8 ®R TSN
117 04 01438 38  TSE
31 3415 44.10-21 3,1 P TSN
117 34 22328 52  TSE

Ampl

«188
o140

42N
OO0

49N
« 100
1,18
1,68

1,08
408

»20H
«208

«11H
«11W
+ 388
468

oS6W

70N
+24E

1.44
LSW

« 21N
«15W
o 42N
+358

28
«28E
«50F
»SOW

5w

«23W

«42H
»35W

Pgr

044
Oud

05
0e5

0.4

0e3
Oe3

046
046
044
044
0«5
e

Ce3
0s3

05
045
0e3
0e3

045
045

04
044
Oed
043
03
Oe3

0.4
0«4
03
0e3
04
Oed

w Sv/sH
U 1.7
U 640
U 142
U 33
D 1.2
D 3.2
U 043
D 1.4
U3
U 1.7
U 35
U 2.3
D 2.8
D 1
U 2.3
D 0.7
U 2.0



79

lat Day Sta
Hos. Long Time My Dist Inst
e
32 3415 44-12-21 3,1 P TSN
117 35 18420 49  TSE
33 3416 48-12-10 3.0 R TSN
- 117 09 17:54 33 TSE
34 34 16 484725 3,0 P TSN
117 14 21:39 88  TSE
35 3416 4847-25 3,0 R T8N
117 14 21:39 32 TSE
36 3417 45-2.25 2,7 P 18N
117 38 19:02 50  I3E
37 3420 48«12«11 2,8 R  TSH
117 00 11304 50  TSB
38 34 20 45-10-31 347 P TSN
117 07  12:41 98  TSE
39 3423 46.8«18 3,3 P  TSH
117 37 01:57 55 TSE
40 34 24 46-1-13 3.7 P TSN
117 86 09:12 35  PSE
B
i 34 00 44-11leld 2,5 P TSN
118 08 1332 17  TSE
2 3400 43-5-8 3 P TSN
118 07107 24  TSE

3 34 00 49=9«18 3,1 P T8N
118 16 21:08 18 TSE

4 34 00  47-7=9 248 P TSN
118 22 23116 20 TSE

5 34 00 47=7=9 2.8 R TSN
118 22 23:16 87 TSE

6 3400 45-7-24 2,5 P TSN
118 33  10:18 39  T8B

Anmpl

53N
»28W

» 38N
»42E

2118

+18B

1488
245W

-18m
«20W

#21N
o531

«21N
o35W

#49N
«80W

4498
4450

708

o35E

2478
l.7W

1.28
le28

«328
o 20W

«21N

#2558
«10W

Per
0.4
04

Ded
063

045
044

0e3
0e3

Oed
045

044
0e5

063
Oed

Oe3

0e3

0ol
0ot

03
O3

(o
0e3

04
0.4

Oe4
045

0a3
0.3

0.6
0.6

0.8

15

540

745

3l

1.5

240

0e7

36

440

160

648



Noa

10

11

12

14

15

16

17

18

19

21

22

et
Long

34 €0
118 43

34 01

118 02

34 ¢2
118 oo

34 02
118 18

34 03
118 03

34 03
118 05

34 05
118 07

34 06
118 33

34 08
118 14

34 11
118 10

34 11
118 10

34 11
118 10

3415
118 40

34 19
118 53

34 23
118 50

34 24
118 34

Day
Time

42-10-9
11:16:35

43127
06346

43-5-12
13:11

485=29
21222

48-12s)
07220

46220
05¢11

49=2=22
07139

459=T
13:10

48119
05:35

48aB8=2
17:55

48.8.2
18.05

48842
13:08

484617
10:49

4521220
02317

48-5-13
00352

43420
00:43

Mo

3

2.5
2.5
244
2.4
2,8
2,8
2;5
1.3
2,1
2.0
1.9
2.8
2.3
2.5

3

-800

Sta
Dist Inst
P BLE
53 BLE
P TSN
30 TSE
P TSN
22 TSE
P TSN
18 TSE
P TSN
14  TSE
P TSN
13 TSE
P TSN
17 TSE
P TSN
37 TSE
P TSN
7 TSE
P TSN
5 TSE
P s8N
1 TSE
P 8N
54 TSE
P Vil
47 i
P TSN
19 TSE
P SN
65 TSE
P TSN
44 TSE

#508
«75E

«218
45K

+508
«30E

+358
«25E

+70N
+A6W

2,81
2.4W

¢358
«21B
«258
14w

« 108
o L7TW

#4568
o350

#5228
AW

«288
o281

<181
o11W

358
0288

<188
o18W

631
«35E

Per

Ceb
0e6

0ud
05

063
0e3

05
04

Ce3
0.4

Ooé
044

0e3
03

0e4
042

045
0.5

0e4
0.4

0st
0ot

Os4
044

0s5
0e5

0o
0.4

0e3
0.4

0.4
0.4

SV/SH
344
068
11
05

940

2.5
242

0.8

13

049



~81-

lat Day Sta
Bos Long Time ¥e Dist Inst
B

23 34 25 47-12+20 2.4 » TSN
118 29 02:14 42 TSE

24 34 25 46wl 4ol P TSN
118 50 03:06 83 TSE

34 29 42-9«3 4,5 P 1SN

113 59 22434 83 TSE
3429 42-9-3 45 P ISN

118 59 06¢06 83 TSE

27 34 33 43-4«8 3 P BLN
118 57 0522 85  BLE

28 34 34 43«7-183 2.5 P TSN
118 40 10:30 137 TSE

29 3430 43-3-12 3 P TSN
118 25 00:00 60 TSE

30 3438 43-5.1 3 P TSN
118 35 07:00 65 TSE

31 34 38 466206 3.4 P TSH
118 51 05:18 84 TSE

32 34 48 46-1-17 344 P TSN
118 58 04:21 102 TSE

33 3454 45-7=24 3,4 P TSN
118 57 16:08 110 TSE

A

1 3400 46-4-27 3,1 P  BSN
119 01 00:45 80  BSE

2 34 06 44«97 345 P TSN
liy 2y 08:32 120 TSE

3 34 16 44-4-12 4,0 P BLN
119 31 07133 122 BLE

4 34 22 48«67 3.1 P TSN
119 07 20502 91 TSE

Ampl

o 11N
o21E

»49N
o 70

243N
2435

3W7H
145

50N
o75W

«308
+20E

#21W
355

35N
o 23W

52N
358

0248
SAGW

351
o141

30N
o158

o 10N
018E

1408
1488

«11N
«21B

Per

046
046

Ca?7
065

Ce5
05

Ce5
045
0.6
046
03
0.3

Ce3
03

03
0.3

06
0.6

046
0e5

05

Oeé
0.4

045
0s5
046
06

0.4
Cod

sv/su

1e2
243
1,2

0.2

)
0s5
19

Oud
240

261

440

Sel

4,0



Iab
Tos Long
A
5 34 22
119 20
6 34 41
119 00
7 34 53
119 01

«32-

Day Sta
Time Me Dist Inst

44=11=11 3,2 P BN

14405 120 BSE
43446 4 P TSN
34:41 96 7SE

48.4-3 3,4 P TSN
07:00 112 TSE

Ampl

212N

#33E

. «7ON
. Q&E

1418
2,50

Per

03
Ded

0e5>
046

0‘5
045



THE RELATICHSHIP OF THE MODELO AND RIDGE ROUTE

FORHATIONS IN THE SOUTHERY RIDGE BASIN,

CALIFORNIA

Thesis by
Peter Dehlinger

MINOR THESIS
In Partial FPulfillment of the Requirements

Por the Degree of
Doctor of Fhilosophy

Califormnie Institute of Technology

Pegadena, California

1950



ACKNOWLEDGMENTS

The writer wishes to express his sincere eppreciation to
Dre Re He Jahns of the Celifornis Institute of Technology, wo
suggested this problem and under whose guidence the work was
done, Ideas contributed during the course of discussions with
Ure Jo Ps Buwalda of the California Ingtitute of Techmology,
Dre Fe De Bode of The Texas Compeny, end lyr. ¥. C. Israelsky
of the United States Ceological Survey, facilitated the investie
gations in meny ways. licrofeunal analyses of numerous semples
were made by The Texas Company, end helpful identifications of
various megafoseils were kindly contributed by Dre J. ¥, Durham

of the University of Californie.



ABSTRACT

The Modelo formation and the overlying Ridge Route formation,
as exposed in the southern part of the Ridge Basin, are similar in
general appearance and consist of alternating beds of sendstone end
siltstone, The contact between the formetions is neither a sharp
break nor is it characterized by an interfingering cof sedimentary
unitse The two units differ in general strike by as much as 35
degrees in the area studied, although the strike grades uniformly
from that of one formetion to that of the other. This difference
in attitude is believed to be a depositional feature, rather than
one resulting from structural disturbance.

The Yodelo formation thins markedly in & northerly direction,
and the !odelo sea appears to have transgressed the area from
south to north during a part of upper Miocene time. Subsequently
this sea retreated from the area, while non-marine Ridge Route
beds appear to have been deposited concomitently from a northerly
direction. No appreciable time lapse is evidence between the
periods of marine and non-marine depositions The lowermost of
the Ridge Route formation beds may be fluviatile deposits, but
the remainder of the formatiocn appears to be of lacustrine origin.
In post-Pliccene time the region was folded into the Ridge Pasin.
The folding ‘cvldently was related to displacements along the

adjacent Sen Gabriel fault.
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INTRODUCTION

The Ridge Basin, so named by Eaton (1929, fig. 5 and p. 750),
is a northwesterly trending structural basin between the San CGabriel
and Sen Andreas fault zones in the southeastern Coast Range province
of Celifornia. The rocks in the basin consist of marine upper Niow
cene sediments and en overlying, considerably thicker series of non-
marine deposits. The marine and non-marine beds are lithologically
similar and eppear to be conformable. During the present investiga-
tions, an attempt was made to determine the nature and segquence of
ovents that affected these beds during upper liocene and post-iiocene
time.

The ame studied is in the southern part of the Ridge basin
(Fige 1) north of Casteic, & town on U. S. Higlway 99 about 45 miles
north of Los Angeles. A northwest trending strip of ground about
nine miles long and three miles wide was mapped in detail, This
strip is in parts of Ts. 5 and 6 V., Ree 16 and 17 #W,, S.B.B. and
eLse Host of it lies within the Violin Canyon quadrangle, los Ane
geles County, and emall parts of it are in the adjacent Redrock
lountein and Whitaker Peak guadranglese.

Some of the first detailed mapping in the ares under considere
ation was done by Clements, whose findings ere presented in a Ph. D,
thesis (Clements, 1932), and as a shorter published paper (Clements,
1937)e DlNumerous references to earlier reconnaisance work done in

the vicinity of the Ridge Basin are included in the thesis, Eaton
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(2939) published the results of a reconnaisance study of the Ridge
Basin, In 1947 students of a geological field camp of the Californiea
Institute of Technology mapped in detall the geology of the Red
Hountein quadrangle, which edjoins the Vielin Canyon quadrangle on
the east. The results of this work have not yet been published,
During the early 1930's o somewhat similar field camp was operated
with headquerters at Sendbergs, & town epproximately 10 miles north
of the area discussed in this papere Drse J. P Buwalde and #, D,
Hode, directors of that camp, discussed thelr findings with the
writers

Pield mapping in the present study was done on asrial photos
(scale, 1" = 1666')s The field data were transferred from the
photos to Los Angeles County topogrephie quadrangle sheets (scale,
1424000 )¢
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STRATIGRAPHY

GENERAM, STATEMENT

The ¢wo principal stratigraphic units in the southem part of
the Ridge Basin are the Modelo formation (marine upper Miocceme) and
the Ridge Noute formetion (non-marine upper Mioceme or Plisccene).
Both these units consist primarily of alternating beds of sandstone
end siltstone,

Igneous, metamorphic, and other sedimentary rocks are exposed
beyond the aree mepped, MNogt of these have been discussed by
Clements (1932, 1937); those in the Red Hountelin quadrangle , east
of the area, heve been mepped in detail by members of the 1947
peological field camp ment!cned aboves The following resume is
lergely abstracted from these two sources:

Metamorphic rocks

Two seriee of metamorphic rocks ere exposed in the

southern Ridge Pesin. One, mown as the Pelona schist,
congists of coarse, granular, micacsous schists of probable
pre=Cambrisn agey the other comprises gneisses, quartzites,
end marbles of possible Paleozoic ages The schists are exe
posed about five miles from the southeast border of the ares,
and the younger metamorphic rocks appear both east end west
of the ares, They crop out two or three miles to the east
as well as about a mile to the west, whoi'a they are exposed
on the west side of the San Gabriel fault.



Ignoous rocks

Igneous rocks in the southem part of the basin consist of
Jurassioc (?) intrusive types, predomimently of grenodioritic come
position. These rocks are exposed over & considerable ares, and
the nearest outorops are two to three miles northeast and nerthe

wost of the aree investigated by the writer.

Sedimentary rocks

All gedimentary rocks in the southern Ridge Basin are of
Cenozoic age. They comprise the following formations:

Martinez (Lower Eocene)

Domingine (Middle Eoceme)

Sespe (0Oligocene)

Vaqueros (Lower lilocene)

Temblor (Middle Xiocene)

Mint Cenyon (Upper Miocene)

¥odelo (Upper Wioccene)

Ridge Route (Upper Miocene or Pliocams)

Pico (Pliocene

Saugus (Pleistocens)

Vartinez end Sespe beds are exposed both east and west of the
arca, A narrow strip of the Vint Canyon formetion is visible
along the eastern boundary of the ares, whence it extends several
miles farther east. The Nomingine, Vagueros, snd Temblor formae
tions crop out & fow miles west of the areas The Medele formation
is well exposed within the area, and extends beyond its north and
west borders. To the west these beds are abruptly trneceted by the
Sen OGgbriel feult, along which they are in contact with Pleo beds
and Ppleczoic gneisses, gquartzites, and marbles, The tiolelo for-

mation also is exposed one to two miles west of this fault,
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The Ridge Route formation, also well exposed in the area,be-
comes thicker in a northwesterly direction, toward the deepest
part of the Ridge Basin (Baton, 1939)s Pico and Saugus beds
appear west and south of the ereas lNodelo beds overlie the
HYartinez formation with an anguler unconformity east and northe
east of the areae. Southeast of the area Vodelo beds overlie
the Mint Canyon formation conformably in some places and uncone
formably in others.

HODELO FORMATION (UPPER MIOCENE)

The term "Hodelo", s used in this paper, denotes marine beds
of upper Miocene age. The term was defined by Eldridge (1907) to
inelude beds that rest on the Vagueros sendstone (which is younger
than the Vaguerecs formation) and that are overlain by the Fernando
formation. Kew (1924) redefined the term to imclude the 2000 to
3000 feet of Vaguercs sandstone of Eldridge, so that the Modelo fore
mtion rests unconformably on the Topemge formetion end is uncone-
formably overlain by Pico beds., The Modelo formation has since been
defined to include three divisions, The lower division is of Temblor
(middle Miceene) age, the middle belleved to be of lower fan Pable
(lower part of upper Mloeens) age, and the upper of uppermost Yiocene
age (Hudson end Creig (1929). Fowever, Hew's broader usage is fole
lowed in this paper.

lodelo beds erop out in approximetely three-guarters of the area
mapped. A conglemeratic member, renging from a few to almost 300 feet



Plate I  Exposure of basal lodelo conglomerates overlying the
Martinez formation unconformably near the junction of
Castaic and Fish Canyons,
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in thickness, lies at the base of the formation (Clements, 1932).
Boulders in this conglomerate consist of hard sandstones that are
characteristic of the underlying Martinez formation, as well as
quartzites, gnelsses, and other rocks thet represent the erystelline
basement complexs. A conglomeratic pecten reef, renging from a flew
inches to about § feet in thickness and eontaining meny fragments of
pectens and oysters, overlies the basal conglomerstes, This reef
serves as an excellent merker unit, The thick Hedelo section above
the reef comprises alterneting beds of sandstone, stilstone, end
somo shale,

The thickness of the lodelo formation changes markedly, but
rather uniformly in a northegouth direction. Approximately 6300 feet
of the lower part of the formetion is exposed in the eouthern part of
the area, where upper i‘odelo beds have been removed by erosion.

In contrest, the thickness of the entire formetion in the northem
part of the ares is only 2000 feet. A recomnaisance examination north
of the junction of Castaic and Fish Canyons indicetes, however, that
the liodelo beds do not pinch out or thin rapidly in areas father north.

The Hodelo beds have been folded into an asymmetrical , northe
westerly plunging syneline, with a pentle northeast flank end a much
steeper southwest flank, This fold is the southern part of the Ridge
Basin, and is referred to by Clememts (1932, 1937) as the Castaic
gyneline, U. S, Highway 99 extends along the axiel part of this
large fold., The San Cabriel fault (Palomas fault of Clements) is
parallel to the synoclinal axis, and lies about a mile west of it,
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The rocks exposed along the eastern flank of the syncline form the
chief basis for the discusaions in thils report.

The pecten reei thet lies above the basal Modelo conglomerates
is the oldest unit mepped in this study. The reef conteins abundant

fragments of fequipecten raymondi end Ostres titan, Other specles of

pectens also are reported from this horizen by Clements (1932). The
rock is ¢ coarse conglomeratic arkose with a caloareous cement; it
is hard, well indurated, end has & limestone-like appearance. The
unit i{s remarkably contimuous, though it appears to pinch out locally.

The beds of lNodelo sandstone, siltstone, and shale above the
pocten reef are composed largsly of subangular quartz fragments with
verying preoportims of biotite and feldspar. Biotite was cbserved in
all these rocks, the largest quantities appearing in the siltstones
and sleles, Feldapar fragments ere most ebundant in the sandstones.
The cement in the sandstones and siltstones aeppears to be caloareous
and somewhet ferruginous, Numerous thin gypsum seams occur in many
of’ the bedse

Thicknesses of the sandstone, siltstone, and shale beds comuonly
renge {rom several inches to abmt five feet, though a few beds are
as much as twenty feet thick. The sandstones renge in texture from
fine snd sugary %o coarse and less even, In some places they are
psbbly, end even contain conglomeratic stringers. Yost are buff to
brown or drab, end a few show slightly reddish tinges, The colors
of the giltstones are similar, but generally a little darker, The

shales renge from grey to dark bluish grey, end in some places they
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have a bituminous appearance. Perhaps the most characteristic
feature of the Modelo sandstone siltstone section is the rather
monotonous sequence of beds thet show alternations of texture but
little verietion in color or thickness.

Although many poorly preserved fossils occur at some horizens
in the Medelo formation, most of the beds seem to be barren of such
material, Foraminiferal remains are wncommon in even the unweathered
rarts of the darker shales, Several sandstone beds in the lower part
of the formation, exposed in the southern half of the area, contain
abundent casts end molds of mollusks. Such remeins are rare in the
upper beds of the formation, which do c¢ontain much fossil wood and
charcoal, Several sandstone beds in the uprer part of the formetion
conta in pensecontemporaneous deformetions, indicating thet slipping
or "flowing” of beds occurred in the unconsolidated deposits.

Five stratigraphic columns of the part of the ¥odelo formation
that lies above the peecten reef were made to show the nature of
thinning of the formation (Figs 2.). From these columns it appeers
that the formation, approximetely 2000 fest thiek in the northern
part of the area, probably was rore than 5000 feet thick prior to

erosion in the southern parte.

Columm along line GG' (see ple 4)

Basa) Hodello beds along line GG' lie east of the area studied.
Both Clements and the 1947 California Institute of Technology field
group show that the lodelo strate overlie the Hint lanyon formation

in the region represented by this column, The thickness of the
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Plate II Exposures of the Modelo sandstone and siltstone beds
along the west hillside of Castaic Canyon.
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section along this line is about 6350 feet. The section consists
of alternating semdstone end siltstoe beds; eome parts of it cone

tain relatively more sandstone, others relstively more siltstone.

Prom top to bottom, this section is as follows:

- e e

Sandstone with interbedded siltstone end shale,
500" forming the ridge along which the old Ridge Route
highway was built,

L

650"

- e

Siltstone with interbedded sandstone, forming a
dip slope along line GG',

Sandstone with interbedded siltstone and shale
1700 forming the ebrupt ridge on the west side of Castaic
Canyone

Siltstone with interbedded sandstone end shale.

1850° Some of the sandstone members form small ridges,
Kost of this unit foms the gentle east slope of
Castaic Canyon.

- e W -

- e o -

1650° Altornaeting beds of sandstone and siltstone, with
seveoral sandstone beds forming hogback ridges.

- w e « PBase of Modelo formation,

Fumerous megafossils but few foraminifera were found in the

section covered by this column, Fragments of Protocardia centi-

folose and casts and molds of Delectopecten end Spigula were iden=

tified.

Column along line CC'

Line CC', about a mile and a half northwest of line GG', traverses
approximately 5400 feet of section. The section is not complete, as
some upper !‘odele beds heve been removed by poste-iiiccene erpsion, A

brief description of the exposed seoction is as followss
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- oS e e

1250' Sandstone bede separated by numerous siltstone layers.

- o e e

600" Siltstone with intorbedded sandstone and shale, A few
- w» w » OFf the sandstone bede are ridge forming,

17000 Sendetone wi & interbedded siltstone emd shale, This
IR unit fomms the gentis east slope of Castaic Canyon

1700° Siltstone with interbedded gandstone.

@ - e W

501 Sandatone with interbedded siltstone.
= « « » Pacten resf.
No foraminifera were found in this part of the arce, and only a
few beds appear o contain megafossils, The pecten reef is well exe
posed at the base of the section. Specimens of faplophragmoides were

identified in sandstone beds approximately 1000' stratigraphically
above thie reefs Casts and molde of Pecten, inadara, Sniguls,

Cardiun (?) Delectopecten, Solen, and Cremella (?7),es well as plent

fragments, were found near the top of the seetiom,

Solumn along line BR'
Line BB', about & mile and a half nortimest of line CC', traverses
apprraximately 5150 feet of beds, and represents almost the entire
Hodelo section in this mart of the areas A desoription of the rocks
is as follows:

300° Sandstone and siltstone, in alternating beds,

LR

1050 Serd stone with interbedded siltstone and shale.

500° Siltstone with interbedded sandstone

- e e =

Alternating beds of sandstone and siltetone, forming
2600 the escarpment between Castele Cenyon emd the old
Ridge Route highwey.
T00? Siltetone with interbedded sandstone,
- = « « DPacten reof,
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No foraminifera and few casts and molds of megafossils were
found in these rocks, which are more barren than those exnosed along
line CC's Several Radiolarie and fish bones, found about 700' strate
igraphically above the pecten reef were identified. Fear the top of

the section several casts of Delectopecten and Spigule were recognized,

Column along line AA'

Line AL" is about a mile northwest of line BBE', The entire Mo=
delo fommation is exposed along this line, and consists of about 3500
feet of section above the pecten reef, The formation is overlein
conformably by non-marine beds, A brief description of the Modello

section is as follows:

- = = = Top of Hodelo formetion

Sendstone with interbedded siltstone and shale,
1600* forming the hogback ridge on whiech the old Ridge
Route highway is located.

1300' Sandstone, siltstone, and shale in alternating beds.

- e wm »

100 Semdstone with interbedded silitstone and shale.

- s e W

500! Siltstone with interbedded sandstone,
- » « = Pocten reef,

Foraminifera, probably of liohnien age, were found near the top
of the formation in the vieinity of this line of section. They
proved very helpful in lecating the contact between the merine and
the overlying non-marine beds. In general, however, few fossilswere

found in the section noted sbove,
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Column along line EE*

Line EE', near the northern border of the area, is about a mile
and a half northwest of line A" , The seetion traversed by this line
is approximately 2000 feet thick, and is overlain conformably by a
section of none-marine beds. The marine section includes the following
unitss

« = = = Top of Vodelo formation,

8501 Sandgtone with interbedded siltstone,

1150' Siltstone with interbedded sandstone and shele,
- oW Pocten reef.

In general, the section elcng this line yilslds very little
fossil material, A few casts of Spigula end Tritanslia (?)
were found in one sandstone beds The pecten reef is here
characterized by & higher ratio of oyster to pecten remsins
than in other parts of the areas A few foraminifers were
found near the base of the section, but these are thought to
be of Eocene age. Fresumably they represent rewashed materiel
derived from adjacent areas underlain by Martinez rocks,

The thinning of the Modelo formation in the southern Ridge Basin
is ifllustrated in Figure 3, in which the five stratigraphic columns
(Fig. 2) are drawn and spaced to the seme verticel and horigontal
scale. It is evident from the figure that in general the pecten reef
is inclined 15 to 20 degrees more steeply than beds higher in the

gection, This difference in attitude aprears to be a result of a
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north to northeastward transgression of the sea, caused either by

a uniform sinking of the region or by sinking and southerly tilting,
The relations shown in Pigure 3 suggest that: (1) the pecten reef
was depokited on a rather wniform slope of about 15 degrees and the
overlying sands end silts rapidly filled the basin as the sea trange
gresseds (2) the transgression probably was accompanied by & uniform
sinking of the southern part of the erea, south of line BR'; and

(3) the northern part of the area (between lines BE' end EH') possibly
nay have been involved in & slight southerly tilt, as well as sinking,
éuring trensgression of the sea., The ccarse arkosic character of the
pecten reef may well suggest a steop slope of deposition, and the
limited thickness of the reef supgests that fevorable environmental
conditions for its development were of comparatively short duration,
Such depositional conditions would be in accord with the concept of

& transgressing sea, That pecten end oyster reefs can form with such
steop initial dips is evidenced by observations of modern reefs off
parts of the coast of Baja Callforﬁil-*

The sinking of the southem part of the Ridge RBasin appears to
have ceased in upper iodelo time., Subseguent retreat of the Nodelo
sea was brought sbart either by e northerly tilting of the region or
by & filling of the Hodelo basin with sediment.

The Hodelo fauna indicetes deposition in uprer Miocene time,
Foraminiferal date further sugrest deposition during lMohnian,

*Ora)l communication, Dr. F. D. Bode.
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but probebly not during Delmontian time, Faunas identified from
the lModelo beds in this area include:

Ogtrea titan Conrad

Aequipecton reymondi Clark ?

Protocardie centifilosum (Cerpenter)

Peeton ape
Delectopecten sp,

821521‘ 8Pe

Solen 8De

Andere. ops
Crenelle spe
Cardium spa
Radiolaria spe

Haplophragnoides sp.
Diatons

Poraminifera (probably loklnien)

Figh bones



@20
RIDGE ROUTE PORMATION (UPPER WIOCENE OR PLIOCENE)

The Ridge Route formation is & thick series of nonemarine beds
that overlie the Modelo strata in the Ridge Pasin., The term "Ridge
Route" was introduced by Clements (1937)s" The formation has been
deseribed in a general way by Faton (1939), who believed that it has
a thickness of about 18,000 feet in the central part of the Ridge
Besin,

The lowermost 5100 feet of the formation aprears in the area
of the present study. It conteins some fresh-water and brackishe
water ostracods and a few fish bones, bﬁt otherwise appears to be
devoid of roni.h. The age of the formation cannot be determined
precisely on paleontologlic grounds. Howewer, it rests conformably
on Xodelo beds of probeble lMohnian age, so that the lowermost of the
continental beds may well be Delmontien in age. These beds might
thus be classed as latest upper iiiocene or early Pliccene,

The Ridge Route formation crops out in the northwestern part
of the area, and extends over approximately one quarter of the area
thet was mappeds Tho rocks resemble the underlying marine strata in
lithology and general appearance., The contact between the formations
is gradational, end is diffiecult to locate in the field, Although

the two units are not readily differentiable by inspection, some

*Upe Jo Pe Buwalda previously had applied the name to continental
beds mapped by members of the California Institute geological field
sanmp located at Sandbergs, but had not placed it in the published

records



lithologie features help to distinguish them, The non-marine sande
stones generally are sandier, coarser, and coustitute & larger part
of the gection then the Modelo sendstone bedss They alsoc contain
many rore lenses and stringers of pebbly conglomerate, and are more
continuous, more massive, are thicker, and have greater resistence
to erosion. The topography developed on the continentel beds is
mare rugged and ineludes hogback ridges of greater relief than that
developed on the Modelo beds. As & result, the non-marine sandstoene
beds can be traced more distinctly and reliably on aerial photo-
graphs than the marine beds,

Shale beds are rare in the non-marine geries exposed in this
area, but siltstone layers, many of them thinly bedded, are cammon,
Hogt of the formation in the southern Ridge Besin has been weathered
congiderably, and has a mere friable appearance than either the
fresher varts of this formation or the underlying marine beds,

The color of the Ridge Route sandstone reefs is similar to that
of the Modelo sandstones, ranging from buff to tan, brown, and drab,
The non-marine siltstone beds are generally & little darker than
the sandstones, Gypsum veins, observed in many of the Modelo beds,
are rather rare in the lowsr part of the continental series. Like
the YModele strata, the Ridge Route beds consist primarily of sube
angular quarts fragments, with numercus blotite flakes end feldspar
»partleloa. In contrast to those in the Modelo sendstones, the average
quartz fragment of the Ridge Route sendstones appears larger, and the
biotite flakes are more sbundant, The angularity of the fragments
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in the two formetions is similare The two units appear to have been
derived from similar sources, or possibly even the same source.

The Ridge Route beds have been folded concordantly with the une
derlying lodelo strata into the northwesterly plunging Castaic syne
clines Although the east limb of the fold was the primary object of
this study, the non-marine stratae are so markedly different on the
two flanks of the fold that e brief litholeogic description of the west
flenk seems desirable,

About 1000 to 2000 feet west of the synolinal axis, in the
vieinity of Canton Canyon, sendstone and siltstone beds typical of
the east flank of the fold pess abruptly along the strike of the fore
mation into a thick, steeply dipring series of massive, poorly bedded
eonglomerates. Clements (1932, 1937) indicetes that these beds exe
tend westward, vith & steep dip, to the San Cabriel fault. The
boulders in the conglomsrates are subangular, renging in size from a
fow inches to about three feet. They consist of granitie, dioritie,
end gneissic rocke, which probebly were derived from highlands that
existed west of the fault during much of Ridge Route time., No exten-
sive conglomerated beds are present east of the synclinel axis, al-
though reather thin conglomerate lenses occur with the sandstones.
Pebbles in these conglomerates, generally less than three inches in
diemeter, are fairly well rounded and oconsist of sendstone, guartzite,
and some granitic rocks, These clasts probably were derived from the
highlands nerth and east of the area, as they are similar to those
found in the Mertinez beds.
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Near the base of the nonemarine section, slong the old Ridge
Route hirhway, mud cracks and thin layers and seams of silt evidently
formed in the dryingeup stages of a water«laid deposit can be seene
In its initial stages of deposition, the Ridge Route formation appare
ently was covered by water only intermittently, end may heve been of
fluvial origin, A short distance above the base of the formation a
lacustrine origin is suggested by the presence of ostracods, probably
of fresh water affinites, as well as by the gemeral continuity and
lithology of the beds. Beth Clements (1932, 1937) end Feton (1939)
have interpreted the formation as e lacustrine deposit.

Thicknesses of individual sandstone layers in the non-marine
section renerally range from a few inches to about 20 feet, with some
of the larpgest sendstone reefs more than 50 feet thick, The beds
eppear to be continucus end remerkebly constent in thickness within
the erea studied, The formetion thickens in a northerly direction as
a result of overlapping beds, This sugrests either a uniform sinking
of this part of the besin during Ridge Route time, or a gradual
riging of the lake levels lNowhere in the field was either & sharp
contact or an interfingering of beds between the marine and none
marine formations observed, A gredationsl zone between the marine
end lacustrine beds, consisting of brackish water end possibly flu-
viatile deposits, does appear to exist, This zone, however, could
not be completely isolated in the field, owing to lack of sufficient
exposurese 1t is estimated that the thickness of beds between the
merine and lacustrine parts of the section is of the order of 50

feet or lesse



Plate III  Exposures of the Ridge Route sandstone and siltstone beds
along the west hillside of Castaic Canyon,
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A colummay desoription of the Ridge Route fomation, es exe
posed in the area of study, indicates a thickness of about 5050
feet as followe:

1000' Sandstone reefs separated by silitstone beds.

400 Siltestone with interbedded sendstone

1250+ Sandstone reefs with interbedded siltstone, forming
the west hillside of Big Oak Flat Cenyon.

- o e -

S8iltastone interbedded with sandstone, several beds
1150 of which form reefs, The series forms the approxie
mate dip slope o the east side of Big Oak Flat

Canyon.

550° Sandstone reefs with interbedded siltstone.

150 Siltstone with interbedded sandstone

- - . -

Thick pebbly sandstone reefs, containing mumerocus
500'  giltstone beds.

, Gradational zone betwoen marine and lacustrine beds,
50 containing many conglomeratic lenses.

Stretigraphic units higher in the Ridge Route formation can be
traversed north of the area, partiocularly along the old Ridge Route
highwey end aleng Ue. S. Highway 99.
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STREAM TERRACES AND ALLUVIUM (QUATERNARY )

Stream«terrace deposits cep many of the ridges in the
vicinity of Castaio Canyon, These deposits consist of uncone
selidated and poorly bedded gravels that vary in composition
from place to place, They are subhorizontal, and range in
thickness from o few inches to 150 feet or more, The thickest
terrace deposit in the area ia oxposed at the junction of
Castelec and Ilizabeth lake Cenyonse. The levels of preserved
remnants of taerraces renge so greatly that correlations are
diffioult to meke, but the deposits indicate that the Castaie
stream mce flowed at levels felt higher than the present floor
of the southern part of the canyon. Nany stages in the downe
ward cutting of the stream are indicated.

Alluvial deposits form the floors of all the larger canyons
and extend well toward the heads of the smaller oness About
80 feet of alluvium was logged in a well drilled in Castaile
Velley, in the southemstern part of the area. The thickness of
the alluvial deposits is apperently not great in most places,

however.
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STRUCTURAL AND DEPOSITIONAL HISTORY

The dominent structural feature in the area is the asymuetrical
ncrthweat’pmnging southern prart of the Ridpe Basin, commonly re=
ferred to as the Castaic synoline. This fold is parallel to the San
Gabriel feult, and its axis lies sbout a mile east of the faulte The
ateep limb of the fold lies west of the axis, where beds are locally
overturned, The east flank dips rather uniformly at sbout 20 de-
grees, and numerous resistant beds form hogback ridges.

A minor anticlinal fold is parallel o the Castaic syncline in
the vicinity of upper Canton Canyon. Its axis lies about 1000 feet
southwest of the main synelinel axis. The anticline extends beyond
the boundary of the area, and appears to be several miles long.
Humerous small folds are present in the vicinity of the main synclinal
axiss some of these are recumbent. Hany of the folds are exposed
along U, 8. Highway 99.

A northwest-trending anticline lies in the southeastern part of
the area, end extends southsagtward into the ares of the adjoining
Red lountain quadrangles The fold is in sec. 13, Te 5 N., Ra 17 W,,
and in sees, 10 and 19, T, 5N,, R, 16 W, uembers of the 1947 Calie
fornia Institute geological field camp have shown it o extend southe
eastward toward Charlie Canyon. This flexure has been drilled for
oil on several ocomsions, the first in the late 1390's. The maximum
depth reached by ome of these wells was 3404 fest. The hole was
bottomed in iodelo beds. Several of the wells encountered showings

of gas at different horizons.
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An enticlinal fold appears to exist just to the southeast of
the area mapped., It has been drilled recently to a depth of 2800
feets BSome oil production was reported near the base of the Yodelo
formation or the top of the underlying Mint Canyon formation at e
depth of about 2300 feet .

No major fanlts lie within the ares of present investigation,
and only a few minor bresks were observed, These smaller faults have
displacenents of 15 feet or less, and hence are not shown on the map.
Directions of displacement are generally not determinables several
of the fanlts, however, may be of a strike slip type, with the same
movement sense as that along the Sen Andreas fault zone.

The lodelo gsea invaded the southerm lidge Basin from a southe
westerly direction, so that initiel dips of the Hodelo beds were in
that directions The marine transgression presumably was due to &
sinking of the region, with possibly a slight southerly tilt over
part of the areas In late lodelo time the sinking (and possible
tilting) ceased, and appesrs to have been superseded by a north or
northwesterly tilt of the region., The tiltings were very likely
related to displacemants along the San Gabriel fault. As the “odelo
sea receded from the area, streams probably from a northerly direction
evidently epilled their deposits over the lodelo sediments. The
drainage probebly was soon dammed by e northerly tilting of the area
and a large lake was formed in and northwest of the area studied,
The presence of Pliocene marine formations south of the Ridge Route

beds, in the vicinity of Castalc, suggests that the dam was probably
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not highs The lacustrine deposits epparently hed northwesterly
initial dips, which probably accounts for the difference in strike
observed between these and the underlying marine bedss Source
rooks for the marine and nonemarine formations probably were
similer, if not the same. The marine beds appear tc have been
derived from highlends east and north of the area, whereas the
non-marine sediments eppear to have been derived from highlands to
the east end west.

The Castaic syncline appears to have been folded in poste
Ridge Route time, Eaton (1939) states that the entire Ridge Route
formation was folded into the Ridge Basin, dating the folding as
probably post-Pliccenes The minor folds in the southem part of
the basin probably were formed contemporaneocusly with the Castale
syncl ine, Folding in the Ridge Basin i's very likely associated
with movements along the San Gebriel fault,

Terrase deposits et different stream levels, in some places
of considersble thickness, indicate that during Queternary time
gtreams in the area intermittently wmt end filled their channels.
Either variations in stream base level or a rising and lowering
of the region is thus evidenced during part of the Quaternary period.
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GEOLOGIC HISTORY

The following is the apperent chronslogical order of events
in the southern part of the Ridge Basin since middle Miocene time:

ls The Modelo sea inveded the area from the south during upper
Yiooene times This sea transgressed a land surfece underlain by
Martinez end Mint Cenyon beds, and extended to points at least
several miles north of the area studieds During much of ¥odelo
time the region was sinking, with possibly some tilting toward the
southwest.

2o, A gradual tilting of the region in a north to northwesterly
direction during late upper Hiocceme, probably Molnien time, resulted
in & filling of the Hodelo sea with silt,

3¢ Streams from a northerly source spilled their deposits on the
Modelo sediments, evidently with no appreciable time lapse between
the two periods of depositions These streams apparently were demmed
to the south, thus forming a leke with its main body lying to the
north, nesr the center of the nidge Basin, This lake may have been
formed during Delmoentian or Fllocene time.

4, The Ridge Pasin was formed by folding, probably reflecting
movement elong the San Gebriel fault during late Fliocecene or
Pleistocens time,

Bo liiner intermittent changes in bese level or elevatiom of the
area occurred during (uatemmary time, and resulted in cutting of

numerous stream terraces and deposition of terrace gravels.
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