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INTRODUCTION

The area under investigation is in the north-west portion of Sunland
Quadrangle and the south-west portion of the Little Tujunga Quadrangle,
lLos angeles County, California. The maps used were the advance sheets of
these two quadrangles surveyed in 1933 by the United States Geological
Survey with a scale of 1:24,000 and a contour interval of twenty-five
feet.

The area is reached by traveling westward along Foothill Boulevard
from Pasadena through the town of Sunland end continuing along the boulevard
approximately six miles past Sunland and then turning right on the road
pointing to Kagel Canyon.

Specifically, the area is bounded on the south by the alluvium of
Tujunga Valley, on the west by Lopez Canyon, on the ~ast by Herrick Canyon,
and on the north by the so called Sierra Madre Fault which give the fault
contact between the Saugus sediments and the basement complex. <+he area
is about three miles long {North~South) and two and one~half miles wide
(East-West) giving a total area of approximately seven and one-half square
miles.

The field work was done on occassional Saturdays and Sundays during
the school year of 1936-1937. <The purpose of the work is to gain a more
thorough knowledge of geological field mapping and of the structural
interpretation of field work results.

The work was done largely under the supervisgsion of Dr. Francis Bode.
His suggestions were very helpful. Mr. Richard Hopper's help was very
valuable. Mr. Walter White, who covered the same area as partial fulfill-

ment of his thesis for a Master's degree in geology offered many suggestions.



For reference, the paper, "Structure of the San Gabriel lountains Torth of
Los Angeles, California®, by Mason L. Hill found in the University of
california Publications in Geological Sciences, Volume 19, 1929-1931

was used as well as U.S5.G.S5. Bulletin 753 by William S.W. Kew.
PHYSICAL CONDITIONS

The greatest relief in the region is founé north of the area invest-
igated in the San Gabriel Mountains. In the area proper, the southern
portion is the one of highest relief. To the north in the ares the relief
is only moderate.

The principal drainage is through valleys running from north to south,
with the drainage to the south. <he principal drainage chafinels are Herrick
Canyon on the east, Kagel Canyon in the middle, and Indian Yenyon and
Lopez Canyon in the west.

The outcrops are fairly abundant due to the semi-arid climate and to the
fact that thz formations are chiefly sandstones ad conglomerates vhich are
not easily convertivle into soil. The outercps are particularily well

developed in those portions of the area where the relief is the greatest

GEOLOGICAL CONDITIONS

Basement Complex
The igneous intrusive making up the large part of the San Gabriel
Yountains, is regarded as JYurassic in age and as a part of the tremendous
intrusives of that period found in the West Coast Region. Little work
was done in the igneois rock. According to Xew (U.S.G.S. Bulletin 753),
it is either ggranodiorite or a diorite. Noticeable just north of the

Sierra Madre Fault are several pockets of hornblendite cut by aplite dikes.
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7he hornblendite probably represents local accumlations of the once
molten magma caused either by segregation or iron-rich wallrock material
accurmulated in the masma and recrystallized under high temperature conditions.

The aplite dikes formed during the last stages of crystallizatiom of the

megma .

Modelo Formation

The Modelo Formation is Upper Miocene in age. In this area it
ranges in thickness up to 1200 feet. Un the soith, it forms an uncon-
formable contact with the alluvium of the San Yernando Velley and on the
west and east, a disconformable ccntact with the Pico Formatiom. in the
center of the area, the modeio forma a fanlt contact with the Pieo along
the Kagel Canyon Fault.

“he Modelo series is made up of two shale members with a conglomerate
bed in between. The shale members are guite similar. *hey are white in
color due, no doubt, to their diatomaceous character. Lhey are thinly
banded, and along the laminae plsnes some limonite stalning is found. The
shales are very fine grained mv.quite uniform in character throughout.

The intermediate conglorerate bed is separated by a disconformity above
and below the two shale members. The ccnglomerate bed and the upper shale
of the so called Modelo may really represent a portion of the Fico Form-
ation. No fossils were found in cither bed to settle the matter ocne way
or the other. <+he reason for their being indluded in the Modelo is for
convenience and because the two shale members are very similar in character,
differing markedlv from the shales in the true Pico.

It is likely that there are really two conglomerate beds in the iodelo
which do not overlap, and whose relative position in the stratigraphic

column cannot be accurately determined. Yest of Kagel Canyon Fault, one
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conglomerate bed is found. Tracing it eastward toward the fault, it becomes
thinner and passes into & coarse sandstcne. ZEast of Kagel Canyon Eault,
another conglomerate bed is found which has been fclded. ‘“his conglomerate
i's similar in lithology to the one west of the fault, but it becomes thinner
to the west. It is conceivable that the two conglomerate beds were laid down
at approximately the same time; one with source material in the west and one
with source material in the east, with the are under discussion a graben.
it is not possible that the source material should be from anticlines
with a syncline és s depositional area, s ince there is no noticeable angular
unconformity between the conglomerate and shale members.

The conglomerates are rather coarse, suuv-angular to rounded, and censist
almost entirely of igneous boulders. <hey are well cemented and resistant
to the forces of weathering. “he igneous boulders are probably granodiorited
judging by the derk mineral content and by the character of the feldspars.

Judging by their character and the fact that fossils have been found
in them, the cshale members of the Ycdelo are definitel~ marine. Because of
its coarseness, grading character, lack of fossils, and color, the Modelo
cenglomerate is raite certainly a land-lsid deposit.

The Modeld-Pico contact is a disconformity with no noticeable angular

difference in attitude.

Pico Formation
The Pieo Formation of Pliocene age is the most interesting cne found
in the area Qpe to its varied character. 4“he accompanying colirmar section
of the Pico gives an idea of this. Uenerally cpeaking, the Fico is well
cementéd and becomes coarser grained to the east. Dhalé members grade
into arenaceous shales and then to fine grained sandstcnes, fine sandstcnes

grade into coarse sandstcnes, coarse sandstones grede into conglomerates

and conglomerates grade into coarse conglomerates. The maximum thickness



jg about 2500 feet, but in places it is cut down to less that half of trat
thickness due to the activities of the ‘agel “anyen fault which will be
explained under Geologic Structure.

4 word should be sald about the Pico shale with reference to its
differentiation from the l.odelo shale. The Picc shale is gray-green to
yellow—red'in color. Characteristicallv, the rico shale is arenacec s
in character, and is always coarser grained than the Modelo.. Platy
laminae are nct well develored in the fico.

The lowest member of the fico formaticn, the conglomerate bed, is
diffic~1lt to distinguish from the so called ~odelo ccnglomerates, 1lithol-
ogically. Color, boulder size, degree of cemgntation, and petrology
of the bculders are very similar. One can di’ferentiate by threir position
in tre geologic col'mn; the Modelo conglomerate is between two di atcmacecus
shale beds, and tre Plcc has a diatomacecus shale bed below it, stratigraph-
ically, and an arenacecus, gray-green and yellow-red, chale bed above.
Also, tre 7icc conglomerate is at least twice as thick as tre “cdelo.
Finally, the Pico conglomerate is rather uniform in thickness, while the
Zodelo varies.

Except for the lowermost reddish conglomerate bed, the Pico is
probably miarine judging by its well bedded and well cemented character, and
its cream color. acccrding tc Kew, fossils have been found in the Picc.
The ccarseness and red color of the lower ccnglomerate indicate that its

crigin was probbly nor-marine.

Saugus Formation
The Ssugus Formation of Upper Pliocene and Lower Fleistocene age is the
thickest formation in the area, reaching 6000 feet. It too, forms 2 discen-

formable contact with the Pico Formation. The “augus consists of poorly



pedded, pocrly cemented conglomerates and sandstones. Judging by its crar-
acter, this pertion of the Saugus 1s ac alluvizl depcsit. Yo fcssils are
found in it. According tc Kew, a portion of he Saurus is marine in origin.
wThe marine deposits are fairly well bedded and contain fossils at several
horizons™. In the central part of the Saugus in the area under investigat-
jon, bedding is fairly well marked and the beds are cemented to 2 fair
degree. These beds are set off both in the map and structure sections. It
is possible that they represent & marine phase in the Saugus. hLowever,
no fossils were found in them, ad their littrologic character is similar to
the remainder of the formation. Lore probably, these cemented beds were
laid down as alluvial deposits with a greater amount of lime (acting as a
cement) than the rest of the formation.

“he entire formation had a common source Judging by the’similar lith-
clogic character of the bpeds. The sands and gravels are light, white to
a light cream in color. Few dark minerals are represented. <“he source
rock was a leucocratic granite or ;rancdiorite. =~ub~angulsrity characterizes
the condition of the sands and gravels. “here is no definite arrangement
of gravels and sands; thé is, gravels may grade into sands rather slowly
or there may be a sharp break between the two. 4ilsc, the thickness of the

different gravel and sand members varies rather widsly.

Quaternary
Finally, there are the Quaternary gravels which se divided into those
. gravels found in the bottom of the principal canyons draining the area,
and thcse that are found én many of the ridges in the area. The latter
are older, provably “leistocene in age, ad were laid down when the presemt
area was without its present dranage, but after the folding and pamtial

uplift of the “an gabriel Mountains had taken place. -hey fcrm a sharp



ﬁnconformity with the underlying formations and evidentally had their source
from the igmecus material meking u: & large part of the San Gabriel liount-
ains. The size of the boulders varies widely, from an inch to several feet.
They are angular. The boulders are made up of material found in thke igneous
basement complex, coarse grained and melanocratic. Weathering has played its
part, for there is considerable alteration particularily of the dark ccn-
stituents to limcnite amd hematite.

“he alluvium found in the canyons is Recent in age. It is accumulating
today, and started after the develorment of the present drainage system
(Post early alluvium). Its lithologic character is very similar to that
of the early alluvium, except that weathering has not been sc active and
its color is ore nearly agray rather than the yellow-red of the early
alluvium. -he alluvium dips about nine degrees tobthe south. *t,ianges

in thicknecss up to about two hundred feet.
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GEOLOGIC STRUCTURE

REGIONAL

Regionally, the area is a block of sediments cut-off by a reverse
fault on the north and a reverse fault on the south. ‘hese sediments are
dipving about sixty degrees to the north and striking about ¥ 75‘W and are
cut off in the north by & reverse famlt dipping roughly sixty degrees to
to the north and striking about N 70 W giving a fzult contact with the
basement complex. Un the south, these sedirents are again cut off by =z
reverse falt whose dip is unknown but whose strike is roughly I 80 W. This
lower fault causes an unconformable contact between the sediments and the
allueium of San Fernando Valley. “hat is; an uncorformable contact is visible
on the surface for the fault itself is buried in the zlluvium.

“he northern reverse fault is known as the “lerra lasdre Fault. The
southern reverse fault is called the Foothill Fault.

“he Kagel Canyon ¥ault traverses a portion of the lower part of the
area. It also is a reverse falt, but its dip is roughly sixty degrees: to
the south. «along this fault there is strike~-slip movement as well as
reverse fault movement as will be explzined under"Ksgel Caﬁyon Faulting".

The Merrick Syncline is the most prominent feld in the area. 1t is found
Just south of the Sierra Madre Fault and is largely a drag phenomenon.
Well marked folding occurs in the lodelo formation giving rise to the Kagel

Canyon Antlicline and Syncline.

FAULTING
Sierra lladre Fault
Faulting can be said to be the dominant structural feature of the
area. The outstanding fault is the “ierra Madre Yault which is & reverse

fault causing the rise of the basement complex. The evidences of faulting



along the Sderra Yadre Fault are here given:
(1) Lithologic change - the Saugus sands and sravels are
distinctly younger than the complex igneous rock against which
they abut.
(2). Topographic evidence - the basement complex is definitely
higher topographically.
(3). Drag phenomena - this is seen in the Merrick “yncline.
(4). Some gouge and slickensides is visible along the fault.
(5). Fault scarp relief due to movement.
Evidences of the reverse character of tle faulting: ‘
(1). Buckling of the sediments (Merrick Syncline).
(2). Absence of step tovography soretimes found in normal
fa:lting.
(3). Very prominent relief of the fault scarp.
(4). Overturning cf sediments (seen just north of the Merrick
Syncline}.

Judging by the dipping of the sediments, the nature of the hagel
Canyon fault, and the sharp overturn of the Yerrick Syncline, the Pierra
¥adre Fault has a considerable horizontal component acting compressiorally
against it. Lhe source of tle compressional force is probably from the
north-east as will be shown under "Xagel Canyon Fault".

The Sierra Madre Fault has definitely had recent movement along it.
That is, a good deal cf mowement s:nce Plioccene times. Thé evidences for

this are given:

(1). 4ccording to Kew, the Paugus Formation is Upper Pliocene snd
Lower Tleistocene in age. Yo0st of the uplift must have occurred
since that time.

(2). Presence of a bold, steep fault scarp.

{3). Tilting of the Quaternary sediments as seen in Kegel

Canyon.



Yovement along this fault is probably in the nature of thousands of

feet Jjudging by the present height of the range.

Foothill Fault

The Foothill Fault along the south front of the foothill portion of
the San Yabriel Mountains, is not visible, but its ﬁresence is based on the
following observations:

(1). Remarkable straightness of the front of the foothill
range.

(2). Relief of the relatively soft and.easily eroded Yodelo
shales which meke up thefore part of the foothills; that is, a
fault scarp. |

This Foothill Fault is possibly a reverse fanlt, but there is no real
evidence proving this. The only reason for believing it to be a2 reverse
fault is the fact that the Sierra Madre Fault, which is the dominating
stractural feature in the region is a reverse €ault, and it seems likely that
the great forces causing it would possibly give rise to ether reverse
faults in the region.

The exact location of the fault is problematicsl. Mason LEill has it
running several hundred feet south of the frcnt of the foothills. The fact
that there has been recent mov-ment along the fault judging by tle presence
of the fault searp in the soft Yodelo shales, and the fact that there has
been no uplift of any alluvium along the front of the foothills, leads to the
belief that the fault is located very near the front of the<¢othills.

It is likely that there has not been a great deal of movement along
Foothill Fault, because small hills of modelo‘shales are found within a
few thousand feet south of the fault. If there had been any great moeement
along this fault, the liodelo shales would have been deeply buried by

alluvium.

13 -
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Kagel Canyon Fault

“he Kagel Canyon Fault is perhaps the most interesting feature in the
ares under investigation. It has an attitude of aprroximately N 707E GOMS.
The accompanying diagram is an attempt at B explanation of the forces
involved. The Kagel “anyon Fault is a reverse fault with a likely strike-
slip fault component. 7"he vertical displacement is at least 600 feet; and,
if there is no strike~slip component, at least 2000 feet.

Little need ve said hout the reverse fault movement. ‘he explanation
of it is is shown in the diagram, page « 4he possibility of a strike-slip
component is interesting and also likelv. No close examination of the
fault trace itself was made so slickensides evidence is not possible.
lLiowever, displacement of the beds has taken place with accompanying drag
effects as chown on the geclogic map. <+his gisplacement and drag could have
occurred with reverse fault:ng, but it is & point to consider. She chief
evidence for believing that strike~slip faulting has occurred is the strike
of the fault itself. Both the Foothill and the “ierra lMadre ‘sults have 8
strike of about T 80 W, vhile the Kagel Cmycn Fault has a strike of about
N 60 E. If the strike of all three faults was the same, there would be
little question as to wheth:r or not any strike-clip faulting had ta-en
place, for simple compression would then explain the Kagel uanyOn “gult.
Because the Kagel Canyon Fault is probably the sme age as the other two,
since there is fair evidence that it cuts the “augus Formatﬁon, its origin
must be expiained with reference to the major fault of the region, the
Sierra Madre, and the foothill Fault. 3y use of the strain ellipsoid and
assuming a component of force from the north-east it is possible to account ’
for a strike of ¥ 60 E along the Kagel Canyon Falt. “he horizontal displace-
ment of the veds and the drag phenomena are added evidence in fzgor of a

strike-slip component.
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Added evidence for the possibility of a strike-slip fault component
along the Kagel Canyon fault, is the Kagel Canyon Syncline and antleline.
With the relative movement south-westward of the south-eastern block,
compression would result to cause folding in the relatively plastic Modelo
shales. %his evidence is enhanced by the tremd of the folds. Year the
fault, their strike is nearly northwest, and away from the fault, where less
force was exerted, the strike swings around to north-west, and the intensity
or tightness of the folding decreases away from the fault.

However, it is definite that a reverse fault component is present.

That 1is necessary in view of tlle shortening of the Pico Format ion as seen

in the western port ion of the ar-a. “hortening of the formation was caused

by the uplift of the block to the south of the fault with resulting rapid
erosion. With the beds dipping to th north, this erosinn meant the removal
of some of the Pico Formation entirely. It also meant the thickening of

the }Modelo Formation as seen in the western portion of the area. *he increase
in thickness of the Modelo is not as great as at irst seems by looking at

the map, for an anticline and syncline found in this portion of the Yodelo

decrease the upparent thickness.

FOLDING
Merrick Syncline
The Merrick Syncline is found just south of the ~ierra Madre fault. In

the area worked, it is rather difficult to see, because a good portion of

it is covrred over with alluvium. It is most clearly shown between Xagel
énd Lopez Canyohs. Above the mis of the fold; that is, north of the fbld,
the Saugus beds are overturned. Evidence for this is found in the turned
over 6ld steeam chamnnels found in the Saugus just south of the Pierra dadre
Fault. +“he dip of and plane of the fold is roughly north sixty degrees.

The strike is as sliwn on the map.
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The Merrick Syncline is an expression of drag phenomena found in sed~
iments near faults, but drag alone could not account for a fcld of this size
in gravels and sands. The compression caused by the reverse fault plays

an iwportant mrt in the formation of the syncline.

Kagel Canyon Folds
The origin of this anticline and syncline was mentioned under the
discussion of the Kagel Canyon rgult. 1t should be added tht the dip of the
axial planes of the folds is about sixty degrees tc the ncrth. Nea; the
Kagel Canyon Yrsult, the folds are tight, but they broaden out across Kagel

Canyon, and disappear toward Little Tujunga Cmyon

Slumping in the llodelo Shales
Some slumping is seen in the llodelo 8hales at various places in the
area. <his slumping is shown by a decrease in the northern sips of the

beds from sixty degrees to forty md thirty degrees.



HISTORICAL GEOLOGY

In Jurassic times, there was an intrusion of igneous material into
old sediments that are no longer found in the ares investigated. <ossibly
there was uplift along the Sierra lladre Faults, but this is pure speculatdon.
However, there was uplift of some kind causing erosicn of the old sediments
which had probably been converted into schists «nd gneisses by the action
of the intrusive magma.

Following uplift there vas a long period of erosion snd denudation
and sinking of the area. In Upper Viocene times, the area wa2s under the
sea,‘and the iodelo diatomaceous shales were laid dcwn. <+he intermédizte
conglomerate bped is probably land 1ldd and represents = period of uplift in
a nearby region.

After the deposition of th- liodelo Formation, ithere was & period of
slight uplift with some ert®sion, followed by subsidence and the marine
deposition of the Pico Formaticn with no angular unconformity with the
Modelo. The source material for the Yico was probably under frequent
oscillation judging oy the varied character of the sediments.

“he non-mariné deposition of -he Szugms Formation fellowed, acain with
no angular undonfermity with the Fico. “he scurce rock was probably from the
north, the old San Gabriel “wountains. ‘hfy did not extend co far south as
they now do, judging by the sub-angmlarity cf the fragments =nd the presence
of many relatively fine gra ned sandstones. It has been found that there is
ponsiderable thinning of ke Saugus toward the “an fabriel lMountains as
additional eviden e for thelr source.

The sediments are probably from a leucocratic phase of the basement
complex, for they have a very small percemtage of dark minerals. The
difficulty is the fact that the Sawwus is a very thick formstion and it is

difficult to conceive of such a tremendcus scurce of leucocratic materiel



from the basement complex. ancther difficulty is the fact trat the bacement
had been subject to comsiderable ercsion before the depcsitéan of the Saigus
with the removal ofthe tcp of the bathclith where the leucccratic phase of
an igmeous mass is found.

Following the depositéon of the Scugus, the ertire region was tilted.
The forces czusing tke tilting were regiocnal in character cince the tilting
is a regional frature. 1ts exact nature is not known, but it is vrobably
associated withttke faulting in tre region.

After tle tilting, aperiod c¢f ercsion fellowed reducing the arec tc &
pereplane. 0ld Quaternary gravels were then deposited on the area with the
renewed activity on the faults. Vith uplift of the entire region, present
strean chammels were develcped.

Depositicn of tYe young WQuaternary gravels probably did nct begin before
early Recent times. “hese gravels were depccited and are still being de-

posited in the principal cenyons in the ares.
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