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ABSTRACT.

An area of about 25 square miles in the
western part of the San Gabriel Mountains was
mapped on a scale of 1000 feet to the inch. Specisal
attention was given to the structurzl geology,
particularly the relations between the different
systems of faults, of which the San Gabriel fault
system and the Sierra Madre fault system are the
most important ones, The present distribution
and relations of the rocks suggests that the southern
block has tilted northward agsinst a more stable
mass of old rocks which was raisea up during a
Pliocene or post-Pliocene orogeny. It is suggested
tinat this northward tilting of the bloek resulted
in the group of thrust fau.ts which comprise the
Sierra Madre fault system. 1t is snown that this
hypothesis fits the present distributicn of the
rocks and occupies a logical place in the geologic
history of the region as well or better thazn any
other hypothiesis previously offerea to explain

the geology of the regiocn.
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STRUCTURAL GEOLOGY OF THE REGION BETWEEN PACOIMA AND
LITTLE TUJUNGA CANYONS, SAN GABRIEL MOUNTAINS,
CALIFORNIA.

I. INTRODUCTION.
Location.

The area deseribed in this report is located
on the southern edge of the San Gabriel Mountains
north of the city of Los Angeles. Its center is
approximately twenty-seven miles north-nortihwest
of the Los Angeles City Hall. The area consists
of parts of that shown on four United States Geological
Survey topographic maps. Most of it lies in the
northern half of the Sunland quadrangle and the
soutinern half of the Little Tujunga quadrangle,
while its western edge lies in adjacent parts of
the Pacoima and Sylmar quadrangles.

Its southern boundary approximately follows
California State Highway 118, Foothill Boulevard.
The western margin lies just west of Pacoima Creek;
on the north the boundary is at the northern edge
of secticns 15, 16, 17 and 18, T3N R14W, referred
to tioe San Bernardino base line. The eastern border
is at longitude 1189 20' west. The tract is roughly

a rectangle 4 miles wide and 5% miles long.

Previous geological work.

Four previcusly publishea geological reports

include descriptions and maps of this area. The
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earliest of these is Kew's paper (1924%), "Geology
and Oil Resources of a Part of Los Angeles and
Ventura Counties, California™. The area discussed
in the present report is shown on Kew's map on
a scale of 1/62,500. The most detailed previous
treatment is that of Mason L. Hill (1930)., Hill
described a region which includes that of this
report, and mapped it on a scale of approximately
1/31,250.

Williem J. Miller (1934) treated the area
in his paper, "Geology of the Western San Gabriel
lountains of California". His map, on a scale of
1/85,000, does not distinguish between the different
sedimentary formations, but does discriminate
between different elements in the ecrystalline
basement. Considerable reference to the district
is also made in his paper "Geomorphology of the
Southwestern San Gabriel Mountains of California®
(1¢28). G. B. OQakeshotte (1837), in his report,
"Geology and kineral Deposits of the Western San
Gabriel Mountains, Los Angeles County", includes
all of the district described here, most of that

mepped by Hill, ana much of that mapped by Miller,

Reason for remepping the region.

Consicering how much excellent geologic

— — — — — — — — — — — — — — — — — — — — — — — — — — —

¥ All references are given at the end of this paper,
listed alphabetically under the author's name and
the year of publication.
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work has already been done in this viecinity, it
may be asked whether another mapping is required.
The Jjustification arises from the geologic importance
of the region. Within it are two of the major
fault systems of southern California, the San
Gabriel and Sierra Madre-Santa Susanna-San Cayetano
fault systems. They come within a mile of each
other at the surface, possibly closer at depth;
and their branches may even intersect. The region
lies on or close to the northern edge of the Los
Angeles basin, a major depositional trough during
wost of the Tertiary. It also includes what may
possibly have been at times part of the land mass
supplying the sediments for this basin. It is
one of the few regions along the edge of this
trough where the contact of the sedimentary rocks
on the baseuent is exposed, and not either covered
by alliuvium or faulted out. For these reasons
it is a crucial location for revealing the structure
of a complicated region.

It was felt that az more detailed study
might bring to light features which were not revealed
by the earlier, more general surveys. The principal
problem was to determine, if possible, the relations
between the two major fault systems mentioned above.
In attewpting this the region was remapped on a
scale of 1/12,000 using two times enlargements

of new United States Geologic Survey topographic
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maps, which were not available when the earlier
work was dcne, to make a base map. This mep is
in the folder at the back of this report.
This survey did not uncover any major
structural features overlookea by previous investigators.
The map differs from Hill's (1930), which is the
most detailea previous publication, only at a
few places; and the differences are of a minor
nature. It has, therefore, been possible to retain
the stratigraphic and structural nomenclature
of the earlier reports, with only a few minor
aaditicns. These terms will be defined in the
appropriate sections below. The nzmes of the sedimentary
formations are those used by Kew (19Y24), those
of the ecrystalline rocks were given by Miller
(1e34). On the geologic map accompanying this
dissertation, however, the different members of
the crystallines are not mapped separately, but
are grouped together as the "basement complex",
They consist entirely of metasediments and intrusives
of the San Gabriel formaticn. The amount of structural
information bearing on the principal problem of
this study to be gained by mapping the basement
members separately did not seem to justify the
work required to trace out their obscure contacts
in this region, where these contacts are poorly
exposed, especially since all meuwbers of the basement

couwplex appear to nave behaved in tne same manner
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to the Cenozoic deformation with which this investigation

is primarily concerned.



II. PHYSIOGRAPHY.

Big Tujunga Valley.

The tract described in this report lies
along the soutnern edge of the San Gabriel Mountains,
which are one of the Transverse Ranges. The southern
eage of tne range is separated from the San Fernando
Valley by tne Verdugo Mountains and Pacoima Hills.
Between this.ridge and the San Gabriel kountains
lies a deep valley that is occupiea south of the
Little Tujunge watershed by tae flood plain of
Big Tujunga Creek, which when it is not all impounded
behind Hansen Dam, drains between the Pacoima
Hills on tize west and Verdugo Mountains on the
east into San Fernando Valley. Pacoima Creek drains
in the same direction past the west end of the
Pacoima Hilis.

Between these and the foothills of the
San Gabriel Mountains lies a low divide that separates
the watersheds of Pacoima and Big Tujunga Creeks.
This sadale is at present underlain by a thin
veneer of alluvial wash from the adjacent ridges
of Tertiary seaimentary rocks. At places these project
tioru the covering as low ridges. Well logs show
that the alluvium is only a few feet to a few tens
of feet thick at most places, and that the sedimentary
material is continuous between the Pacoima Hills
and the southern eage of the San Gabriel Mountains.

The thickness and character of the alluvium is
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an econouwic factor, as where it is thick and coarse
surface water rapidly sinks into the ground making
ineifective the irrigation of tne citrus groves
and flower nurseries tnat occupy tne largest part
of tie cultivatea land.

Big Tujunga anu Pacoima Creeks are dry
except aiter storms and in the winter, particularly
in thneir lower reaches. However, botin have cut for
themselves wide channels in the soft sedimentary
rocks whicin lie south cof tine San Gabriel Mountains.
These channels are at present filled with coarse
detritus brought down in recent floods, so that the
original channels of the two streams are buried.
In general the drainage of the area is south from
the San Gabriel Mountains to Big Tujunga Creek,
though some of the streams die out in the alliuvium
before reaching the main stream. All the streams
are intermittent, though the larger ones have continuous
underground drainage, as is shown by pools and
running water in the mcre confined parts of their
channels.

At the north eage of the depression described
above the foothills of the San Gabriel Mountains
rise abruptly along a sharp line. Previous authors
have suggested that this sharp physicgraphic breek
may be related to a now unexposea fault, named the
Tujunga fault (Hill, 1930, p.l153; and Miller, 1928,

p.210). However, no direct evidence for such &
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fault has yet been reported, nor does it appear
to be required to explain any of the geologic
features observed in the area. On the contrary,
slope retreat of the type typical in a desert
cycle of erosicn may be adequate to explain the
present aspect of tihe mountain front. Such a c;cle
need not be initiated by feaulting, though this
is common (See for instance Gilbert, 1828, p.l-8;
Cotton, 1845, p.25-7). To guote Cotton:
"Thus the mountain slopes retreat not only
from lines parallel to the initial outlines
of tectonic blocks but also from the sides
of eroded valleys which have been cut by ravines
in the early youth of the landscape, anda which
develop in this way flat floors. The line along
wnich back wearing causes the base of the slope
to retreat is not horizontal but slopes up,
SO as to leave a rock surface with a sufficiently
steep gradient to allow the debris of further
back wearing to be carried across it by floods."
The possibility of a buried fault socmewhere under
the alluvium is not excluded; but until positive
evidence for its existence can be adducea it seems
best not to postulate it.
The present pediment may not be entirely
of recent origin, as tnere is considerable evidence
that the present Big Tujunga Valley hada at one time
an alluvial fiil at least 150 feet thicker than
tnat which is now found there. On the spurs of
the ridges around the mouths of Schwartz and Cliver
Canyons remnants of this fill remain. These bodies

appear to be parts of a once extensive aliuvial

fan. Similar deposits occur at the mouth of Kagel
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Canyon, suggesting that at cne time this fan flanked
the whole mountain front for an unknown distance

to the west. That tnis alluvial material is older
than taat now lying on the surface of the pediment
is attestea by its more weatherea condition, and

at places, pernaps where it once was deep, by

its partial lithification.

Soutiiern ridge anc anterior depression.

To the north of the nick line rises a
uniforw ridge taru whicih oniy the larger streams
have succeeded in cutting valleys. This ridge rises
about 80U feet above the floor of Big Tujunga Valley.
It appears to be an excavatea feature, since it
is everywhere capped by coarse hard conglomersates
and sandstones which have resisted removal better
than the softer shales, siltstones and fine sandstones
that lie along the south side of the ridge. These
beds dip to the north and are overlain by a series
of terrestrial sediments, which are often poorly
cemented and are generaliy easily eroded. This
results in a marked depression running east-west
across the whole area, and naving on its south side
the dip-slope of the underlying harder beds. This
depression will henceforth be referred to as the
"anterior depression" because of its relation to

the higher land lying Jjust north of it.



- 10 -

Fault block mountains ana posterior depressicn.

The nortinern side of tane anterior depression
is markea by a series of faults which separate it
frou upraiseda crystalline masses tiaat stand as
mountains 150U to &CU0 feet higher than the floor
of tihe depression. These fault blocks are tiltea
to tae north, witih scdimentary rocks similar to
taose found to the south outeropping on the north
dipping slopes.

The front is itsell broken by faulting,
ana following these lines of weakness several
streams have cut across tihe blocks, and are rapidly
excavating tne soft sediments from the surface
of the crystallines. As a result of this excavation
there is another depression nortni of this upfaulted
ricge similar in some ways to that to the south.
This will henceforth be called the "posterior
depression". It is a less continuous feature tnan
its scoutinern counterpart because of the division
of the regicn into separate fault blocks along

lines cutting diagonally across tae ridge of crystallines.

The northern mountains.

The anterior depression is bounded on the
north by the members of the San Gabriel fzult
system, beyond which lie mountains of granitic
and metamorphic rocks, rising in the area mapped

to a weximum elevation of 367 feet above sea
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level. This is a region of wmature topograpny;

deep caunyons anu high, sharp ridges are prevalent.
The prinecipal arcinage is by way of Paccima Creek.
That this stream is superposed is proven by its

meandering ccurse in the bottom of a deep canyon,

Remnants of an old topography.

Altnough tie present drainage south of
tne San Gabriel fzult is largely subsequent to
tne faulting, and appears to be relatea to differences
in the hardness of the two principal groups of
rocks, the soft terrestrizl sediments and the hard
crystallines, remnants of an olaer topogrephy are
stiil present. This old surface is clearly discernible
on tae plock east of Littie Tujunga Canyon. The sumwit
here is @ gently rolling surface containing broad
vaiieys. The streams, wnich drop off the sides
of tne block in precipitous, narrow, deep canyons,
are rapliuly workling headward into the uplana.

Traces of a similar topography are to be
found around tne upper reacnes of Nehr Creek, a
western tributary of Little Tujungs Creek. luch
of tune Nehr drainage has aireesdy been pircted
by tae expanding Buck Creek tributaries, and only
a &5 foot high, 150 foot wide diviue separates
the whole upper part of the Nehr watershea from

anctner headwara exXpanaing brancn of Buck Creek.
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The fact that this drzinage pattern in Nehr
Canyon appears to be superposed from some previous
conuition does not indicate that it is anteceuent
to tne faulting. On the contrary, it is more likely
that it became intrencheu at somes early stage
in the erosion of tue blocks, ana nas deepeneu its
channel since then insuificiently to keep up with
the wore rapid erosion of tine surrounding streams.
Thus Nehr Canyon may once have occupied the same
position relative to the fault block that the
lower part of Buck Camyon now occupies; it may
have been located at the foct of the dip slope
of tne seaiuwents on the crystallines. The reaching
of a temporary base level of erosion may have
allowea tnis intrenching to take place., Due to
the siower wearing away of these harder rocks,
the upper part of Nehr Creek, which lies mostly
in sediments, has almost reacheu a local base level.
It now nas a much lower gradient than the lower
part, which drops in a series of waterfalls to
the level of its juncture with Little Tujunga Creek,
which has cut down rapidly thru tnhe soi't seaiments
in which it flows for almost all of its course
below tinis fork in the stream.

Limerock Canyon bears a similar position
in relation to Nehr Canyon. It, too, drains southwestward
across the fault block from its northwest-sloping

upper surface, anu Nehr Creek has pirated this
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streaw's northern tributaries.

Gola Creek 1is another example of a superposed
stream. It drains all of the postericor depression
east of Little Tujunga Creek, lying at the foot
of a dip slope where the sediments have been cleaned
of{ tne north flank of the easternmost of the feult
blocks previously mentionea. Just before it reaches
little Tujunga Creek, however, it turns sharply
southward, and, flowing in a 300 foot deep canyon,
runs peraliel to Little Tujunga Creek for over
hall a wmile before it finaily Jjoins it. At one
time the upper part of Little Tujunga Creek may
have been tributary to Gold Creek, joining it at
the present wina gap 150U feet south of Reese
Ranch. At that time Gola Creek probably followed
tne contact of the sediments ana tne crystallines
as it aoes farther upstream. But, once it became
intrenched into tinese hera rocks, it could no
longer migrate down the dip slcocpe, and eventually
a tributary, working headward thru the soiter rocks,
captured tne main part of the arainage.

Alreaqy Little Tujunga Creek is becoming
entraipec in the same way. Just below its juncture
witn Limerock Creek it has cut down into the ecrystallines
insteaa of flowing aiong their western edge. However,
the cycle may never have a cnance to repeat itself,
as just below this point the canyon appears to

nave reachea base level, ana unless the whole
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region is rejuvenated, the mature stage of lateral
erosion will in time extenc up tne canyon past

tiis point.

Age of the topography.

Except in the nortiern mountains, the area can
be said to be in a youtihful stage of erosion, since
the va.ley profiles of zll except the largest strezms
are steep anda V-shaped, witi remnants of an older
topugraphy coumuwon around the headwaters of some
of the principal tributary streams. The major streams,
on tue other hand, such as Big anda Little Tujunga
Creecks have reacned a state of maturity along thneir
lower courses, and are aeveloping wide flood plains.
In tne areaz under consideration this base level
is local, but none the less it is the controlling
factor of the fluvial erosion. South of the socouthiern
ridge the pediment slopes cown to this stream
bed, ending in a bank that is rarely over ten
feet high.

In tine nortiern mountains the area
has a mature topography of maximuu relief. This
greater physiographic age of the higher landa mey
have structural significance. It mey mean that
this upraised mass has been exposea to erosion
longer tunan the downtarown block, particularly
since the latter has & large arez of soft sediments

which would tena to be less resistent to removal.
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Under these circumstances cne woculd expect that
tnis lower blecck would have progressea farther
in the geomorphic ecycle than that to the north.
On the other hand, it is possible that
what appear to be remnants of the pre-faulting
lana surface on tuae soutiern blocks are actually
ne even more ancient surface at the top of the
basement complex exposed by removal of the soft

Tertiary sediments.

Little Tujunga Valiey.

That the present base level has not been
in existence long is proven by the wide distribution
of terraces flanking tne lower courses of tae
larger streaws. There must nave been several stages
of upliift, for at places these terraces occur at
several levels. It is difficult to draw any general
concliusions about the rejuvenations of the region
as a whole, since nc twoc canyons illustrate exactliy
tuae sauwe sequence of events. For this reason the
procedure to be followed here will be to describe
the transverse profile of each major stream valley
in sowme aetail, ana zt some places to describe
several secticns along the stream's course. From
these some general conclusiouns will be apparent.

Little Tujunga Valley will be treated
first, as it is the largest one having both ends

in the district under consideraticn. Little Tujunga
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Creek rises near thne northern edge of the majpped
region, Just east of Dillon Diviae, which is occupied
by the county highway which crosses the area.

It flows east-soutin-east for about a wmile, its

course being ceteruinea by the several branches

of the San Gabriel fault. It finaliy brezks thru

the fault zone in tne north central part of section
z<, TSN, R14W, from which point it flows scuth and
soutitwest to where it joins Big Tujunga Creek.

South of the fault its branches are deeply
intrenched into the soft sediments in narrow canyons
that separate flat divides, on which at many places
occur terrace deposits dipping southward away frow
tne fault (Figure 6%*). North of the fault the valley
is filled with similar sediments to estimated
deptns of some tens of feet. The tributaries on the
north fiow in these deposits for much of their
length. The main stream lies along their southern
edge, with banks of the aliuvium ten to twenty
feet hign at many places. It appears that at sowme
tiwe the adjoining fault blocks have supplied
wmaterial faster tihan the streams could carry it
away, and a steep alluvial fan has chokea Little
Tugunga Valley above the narrows where it crosses
tiie fault. Either tihe narrowness of tnis gap has
prevented rapid removal of tie debris, or these

#*All photographs are inciuded at the end of the
paper instead of in the text.
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aeposits are a continuation of one of the terrace levels
found fartiner to the soutn in tihe canyon. Siwmilar '
deposits of aliuviuw are comwon at other places along
the fault in tuis area, and attest to the recency

of movement there, since the active streams would

have removea all such soft boales 1if they had

been exposed to erosicn for a long time.

Immealately south of the fault similar
conaitions prevail throughout the posterior adepression.
Locally temporary base levels have been reached where
the outcrop of a relatively resistant foruwation
impeaes the downecutting of tine streau, germitting
widening of the valley above the barrier. In general,
however, most of the valleys are in a state of
extreme youth. Terrace deposits lying half way
up the sides of the canyons show that a stream
pattern identical to the present one existed previously,
anua reached a stage where either aggradation replaced
degraaation generally, or material was locally supplied
too rapidly for the streams to carry it away. Since
almost ail of the larger deposits of this aliuvizal
material lie on the relatively depressed blocks,
it is likely that this materizl is relatea to
the latest stage of faulting. Its extrewme coarseness
in wany places and its subanguiar nature supgort
tnis. Soutn of tihe posterior depressiocn all the
aiiuvial deposits are poorly, or not at all, stratifiieq,
put in tne posterior depression and to tine north

of it tTae reverse is more often true. This suggests
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tnat tne movement on the soutsern line of faults
was the greater.
North of the narrows where Limerock Creek
Jolns Little Tujunga Creek tne aliuvial Dbodies
are small and irregular in shape and distribution.
Soutin of tnis point they are larger and cover
a considerable portion of the surface. Figure 1
is an east-west topographic profile across Cottonwood
Glen. The lowest level is the fiat, 400 foot wide
flood plain of Little Tujuniga Creek. On either side
of the camyon is & 10U foot high terrace. Thls
is best developed on thie east where it is relatively
flat. On the west it is represented by alluvial
fills which choke thq tributaries of Little Tujunga
Creek frowm t.e western bank of the mein stream up
to their source, the upraised fault blocks to the
nortawest.
Since similur deposits lie on the
iower terrace and on the next one above this,
all the alluvial deposits on tihe east side of
the canyon may be the eroded remnants of one earlier
fan. The upper terrace is Irom one to two hundred
feet higher t..an thne lower, and its surface slopes
up to thne edge of the Sunliand fault block. This
level west of Little Tujunga Canyon is represented
by a surface of relatively gentl: relief into which
tae canyons tributary to Little Tujunga Canyon

are weking rapid headward erosion. At places here
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two old alluvial deposits lie along tine crests of
the riages, one dark and the other, the earlier,
light grey in color. They appear to be different
from the aliuvial deposits that fill the nearby
valleys ana merge with the lower of the two terraces
along Little Tujunga Canyon. The level on wiich
these deposits lie 1is nearly <00 feet above the
level of tne rolling topography into which the
streeaus are cutting immediately to the southeast
and thne higher terrace level east of Little Tujunga
Canyon.

Above these easternwost terraces tne slopes
of' the Sunlana fault block rise steeply for iCUG0
feet. Triangular facets along this slope may be
related to the major fault here, but more likely
are erosicnal features, since they coincide with
the dip slopes of the sediments. At the top of these
slopes lies the gentle topcugrapny on tne summits
of the Sunlana fault block. It 1s possible taat
tnis level is even older than the faulting.

As one proceeds soutiward toward the mouth
of Little Tujunga Canyon the pattern changes.

The canyon, where it passes thru the southern

ridge, has steeper sides, thougi it is still wide,

Southh of this a aifferent valiley profile is encountered.
The banks of the stream are about twenty feet high.
Above this there is not a terrace, but instead

a gentle ailuviated slope rises to the high riages
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of older, tilted sediments. Patches of two nigher,
ailiuviated terraces are discernible, but tiaese have
not been correlated with the terraccs of tune middle
part of Little Tujunga Canyon. Neither of these
terrace levels coincides with the surface of the
pedinment along the foot of the southern ridge.
Little Tujunga and Kagel Canyons are cut into
this peaiment, and Kagel Canyon has at least one
intermediate level of terrace depousits beiow the level
of the pediment and above that of the present canyon
bottou.,

East of the mouth of Little Tujunga Canyon
terraces are not prominent until the southeast
corner oi the area is reached. There the soutiiern
ridge and Big Tujunga Canyon directly adjoin,
and the pediment is truncated by the sidewise
erosion of Big Tujunga Creek, which has become
slightly intrenched into i1it, with terraces resulting
along the mountain front. These terraces are capped
by alluvium tnat apgparently haa a very nearby origin.
Higher alliuvial boaies along the mountain front
appear to be much older; ana their distributicn
suggests that they are a part of a once extensive bolson

as mentionea previously.

Marek anda Kagel Canyons.

Two of the tributaries of Little Tujunga

Creek are large enougnh tnat we might expect to
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find its erosional patiern repeated in them, The
first of these, Marek Creek, lies in a very deep
canyon, having only a little more gracient than
the main stream. liarek Canyon, particularly in
its upper part, was at one time alluvium fillea.
The surface elevation of tnis material is ciose
to tiiat of the upper terrace level in Little Tujunga
Canyon at spproximately equal distances from the
juncture of the two streams. Near tae mouth of
the canyon there is at least one terrace level beneath
this, also adliuvium coverea. Thus the two canyons
appear to have undergone similar histories of burial
and rejuvenation.

The next canyon to the west, kagel Canycn,
is very airrerent. Kagel Creeh is coniined to a
narrow gorge wnere it cuts thru the southern riage.
Above this its canyon spreads ocut to form a wide,
alluvium filied basin, into which the present streaus
are intrenched at places to a depth of over a hundrecd
feet. The eastern eage of tinis broad basin drops
ofi sharply to Marek Canyon, the floor of which
is 250 feet lower in elevaticn. In spite of this
dirference the two canyons are both cnoked with
detritus to about the same degree; and the deposits
are litnologically similar. Marek Creek appears
to owe its lesser elevation to thie greater cutting
power of Little Tujunga Creek, to which it is a
tributary, anc which has cut a deeper trench across

tne soutiiern ridge tiaan has Kagel Canyon. Thus Marek
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Creek has a lower level from which to cut back
taru the soft sediuwents of the anterior aepressicn
tuan aoes hagel Creek,

The surface of the deposits in Kagesl Canyon
is 10U feet lower tnan tiat of the hignest similar
fans on the west siae of Little Tujunga Canyon
airectly to the east. West of Kagel Canyon and
250 feet higner than the Kagel fan is a large
loaf-shaped hill (maxiwum elevation 2U75 feet)
ca.ped by 150 feet of aliuvial deposits. The lower
surface of these is on & l=vel close to that of
the two patches of old grey alluvium west of Little
Tuyunga Canyon, ana correlates in level also with
deposits around the head of Lopez Canyon. These
scattered deposits appear to be tie rewnants of
an ola fan which covered all of what is now the
anterior depression. The highest point which still
remains of this ola fan is about 8UU feet west
of where Lopez Creek crosses tine southern eage of
tne basewment crystallines. The surface of the
Kagel Canyon fan rises to tine norti: ana northwest,
so thiat at the Kagel Creek-Lopez Creek divide

tne two deposits are at about the same elevatioii.

Lopez and Limekiln Canyons.

Nortawest of Lopez Canyon it is difficult
to tell whetner the alluvial deposits are of the

Kagel Canyon type, or wnether they are relatea
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to tue higaer group of the loaf-shaped nill. To
tie soutn a group of deposits lying on tie ridge
tops 1s recognizable on lithologic grounds, and
a_.pears to be related to the loaf-shaped hill
alluviwa., These ceposits in turn, if projected
nortuward, seew to correlate with dark alluvium
deposits which are a part of the olu fan wentioned
above. Remnants of this huge fan are well eXxposed
around tne fringes of tiie Limekiln Canyon dreinage.
Limekiln Creeh is a wmwain tributary to Paccima Creek
frow the east, and siuwilar aes.csits occur on tie
west siae of Pacoclime Canyol.

Limekiin Canyon itself is choked by a
fan, which way, however, be younger than tne valliey
fills to tne east, as tiie material looks a little
fresher tian tihat choking kagel and karek Canyons.

Pacoima Creek has cut a broad flood pliain
south of tne Sierra hladre fault zone, anda tne side
erocsion along this flooca plain has cut into the
Limekiin Canyon fan foruing a steep bank about
twenty feet high. This bank continues south of
Limekiin Canyon as a terrace on wnici: is deposited
waterial tnat appears to be wainly washea down
from the sides of the canyon.

Lopez Canyon, on the otner hana, is singularly
lacking in terraces or aliuvial fill in its upper
reacihes. There 1is mucihh present day aetritus in

tie wiue stream channel, but the only terraces
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are some low banks near its mouth which secm to
have been formed of material washed down frow
tiie canyon's sides, and into which tae present
stream has rarely cut for more than ten feet.

The widespreaa distributicn of soft alluvial
deposits in a region where ercsion is active wmay
seeu surprising to some, especlally since many
ol tnese deposits occur capping the ridges, or
foraing low divides separating small streams which
eare cutting rapidly into older, harader seaiments.
The reason for this appears to be that the rainfell
sinks into tne porous aliiuviuws, escaping as underground
dralnage without removing any clastic material,
wnereas on tine better litnifiza sediments it can
not sink in, anua hence has worm channels in wnich

the surface streams can run following rains.

Pacoima Canycn.

North of tne Sierra lMazare fault zone,
Pacoima Canyon has a typical youtnful valley profiile.
As mentioned previously, tne stream exhibits intrenched
meanaers, showing tnat a preceaing lanc surface
must have reachec a stage of maturity in which
the valiey floors nau wiaened to permit tiheir
aevelogment.

South of the fault zone toe valley is
everywhere filled by recent alliuvial aetritus,

the transiticn from active degradation tc aggreaation
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being very sharp. This change in character takes place
at the probable location of tne Sierra liedre fault.
Since tinis break is nowhere exposed near the wmouth of
Pacoims Canyon, we must conciude that dissectiocn and
alluviation have already concealeu its outcrop.
However, a consideravle portion of the present
aifference in elevation along the scarp is probably
a result of the uplift of tune northern block rather
tian the excavetion currently taking place most

raplialy south of tnis huge fracture.

Conclusicns,

The present stage is one of dissection aluwost
everywhere in the area mapped. Although Little
Tujunga and Paccima Vallieys have broad fiood pleins,
ana are aliuvium flocred, it is aoubtful if the
deposits are more than a few feet thick. In Little
Tujunga Cenyon frequent exposures of bea rock in
the center of thne valley bottom show tnzt this
stream has not yet begun to aggrade appreciably.

Big Tujunge Creek is held at its present level

by Hansen Dam, but even before the builaing of

tne dam the fans surrounding San Fernando Valley
were reaching up into tnis depression ana Pacoima
Valley, ana tne present cycle there seems zbout
ready to revert to the aggraaing stage, which it
has experiencea on at least two previcus occasions,

if this has not already taken plsace.
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The ola fan whose apex appears to be just
northwest ol Lopez Canyon may be related to the
terrace remnants on the north side of Big Tujunga
Valiey and east of Little Tujunga Vailey. Botir are
at places partially lithified, thougin the more southerly
fan in general ccntains more rounded fragmehts
than the nortnern. This mey, nowever, be due to
its greater distance from tiie source of the materizl.
Even tunough these two fans were of the same age,
they were probably separatea except at a few places
by the soutnern riage which is much higher tunan
the highest remnant of the fan anywhere alcong its
flanks. |

The great extent of this early fan suggests
tuat it may be related to movements on tiie Sierra
Madre fault. Unless the uplift took place very
slowly, the rise of the fault block mountains
must certainl; have prouaucea a fiood of coarse
detritus. The Lopez fan may once have been much
more extensive tnan even the aistributicn of its
remnants indicates. According to this theory,
thie land surface on which tnis deposit accumulated
way be related to that found on the sumwits of
the fault bliock mountains.

The vailey fill deposits, on the contrary,
show less evidence of correlating with each other.

In general, tinere seem to have been siwmilar developments

in each canyon, but possibly at different times.
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As one proceeds from east to west one finds that

the fills becowme less dissected, and the material

of which they are composea becomes fresher. This
mway mean theat tne successive stages of orogeny on
the Sierra Madre fault progressed frow east to

west. Structural evidence of the age of the different
branches of this fault is not clear enough either

to confirm or aisprove this. In Little Tujunga

and Marek Canyons there scem to have been at least
two stages of local terrace formation, the second
surface possibly being formed by excavation rather
than deposition. The sequence of events recorded

in Kagel ana Limekiln Canyons is simpler, there
being only the one aliuviation preceding the present

rejuvenation.



I11. STRATIGRAPHY.

Basement complex.

Figure 2, which follows this page, is a
stratigraphic coluun of the roecks enccuntered in
tne regiun studied. The oldest formations, which
have been map.ped indiseriminately as basement
couplex, are largely what Miller (1934) has named
the San Gabriel formation. It is coumpouseda of rocks
of several otiher units so intimately wlXeu Ly
intrusion and diastrophism t..at it is not convenient
to map them separately. In the Little Tujunga region
the commonest of these components are, using Milier's
terminology, the Placerita metasediments, the
Echo granite, the Rubio diorite, and an unnamed
gabLro-dicrits.

Of these the Placerita metasediuments are
presumably the oldest. In the area mapped they
consist largely of reddish quartzite, fine grey
micaceous schist, and grey or white marble, generally
impure, with probably botn calcite and dolomite
&s comwon minerals. These rocks are much broken
by injections of intrusive bodies, of which the
cowumcnest is granite. Over a large area near the
Junction of Little Tujunga anu Gold Creeks, the
rock is an intimate lit-par-lit, granite injection
gneiss, the intrusive probab.y being Echo granite.
This injection gneiss is widely alstributea wherever

basement rocks are exposed. Scattered over the
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area in the basement complex are bodies of the marble,
outcropping at most over only a few hundred feet in
the largest exposed dimension, Quartzite is the
only metasediment occurring as a large continuous
element of the basement. The riage separating the
headwaters of Limerock and Kagel Creeks is composed
alwost entirely of tnis rock, ana there are extensive
deposits of it near the mouth of Ma,le Creek,
& tributary of Paccima Creek. The original becuing
of these sediments can only in rare cases be recognized.
The present trend of the schistosity is 1n general
northwest-southeast, but is locally very irregular.
Perhaps the commcnest of tae intrusives
is tne Echo granite, whicih occurs wherever the
Placerita metasediments are found. In color it 1is
pink or dirty white to grey, in texture mediuu
to fine grainea. It occurs usually in the form of
veins or dikes cutting the Placerita formation
or lit-par-l1lit injected intc it, though sometimes
larger boaies of irregular or undeterwinea outline
occur. kMiller (1934, p.ld) has pointed out that
tiie Echo granite and Lowe granodiorite are diificult
to distinguish, ana it may be that much of the
granitic material in the Little Tujunge region
is the latter.
Nearly as common.as the granites are numerous
bodies of more basic rocks, most of which are

presumed to belong to Miller's anorthosite series.
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The rocks are dark grey to black, ccarsely erystalline,
massive to gneissic. Qakeshotte (1907) considers

muech of this wmaterial to be a monzonite. The largest
boay occurs immedaictely north of the Dillon branch

of the San Gabriel fault. The nortiern edge of

the mappeda area is underlizin aiwost entirely by

this material. '

Similar dark colored, coarse grainec, ignecus
rocks are coumwon at scattered locations wherever
the basement is exposed. Cakeshotte considers tiaese
to be exawples of the Rubiv diorite, an older
intrusive; but in the field it is often difficult
to alstinguish weathiered outcrops of these two rocks.
On tiie other hand, scme intrusive bodies of Rubio
nornblendite are very distinctive., The largest
of these, between the heaawaters of Lopez and Kagel
Creeks, is an almost pure, intense black hornblenaite.
Other swaller bodies of coarse grainec, hornblendite
rich rocks are common, all scouth of the San Gabriel
fault.

Some of these dark crystalline rocks uway
belcng to what Miller has called the Wilscn dicrite,
or to other of his foruaticns. However, the author
nas macue no attempt to distinguish one igneous
forwation frow another except by its lithologic
appearance in tne field, so he is unable to indicsate
more toan the three igneous types: the granite,

wherein the Echo granite has not been distinguished
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from tne Lowe granodicrite; tae diorite, which
inciudes tne uivrite-gabbro facies of the anorthosite,
the Wilson dicrite and the Rubic diorite, ana lastly
the Rubic¢ hornblenaite.

The age of these formations is uncertain.
Certainly they are all pre-jodelo, since tnat is tle
oldest formation found lying cn any of the basement
rocks in tine regicn wapped. Miller considers the
Plecerita, Rubio, Echo, and the diorite-gabbro-
anorthosite bodies to be Precambrien, anu the Wilson
ana Lowe to be probably late Jurassic. He has shown
that tne Placerita metaseaiments are the oldest
formatiocn, and that they were intrudea successively
by tne Rubio, Echo, diorite-gabbro-anortinosite,
the Wiison, ana tine Lowe formations in tuat order.
Qakeshotte believes tnat tne Placerita way be as
late as Carboniferous, the Rubio Pennsylvanian
or Permian, and the rest late Jurassic. Considering
the dearth of direct evidence, it seems best to cail
all of tnese rocks probably pre-Cretaceous, and

not try to date them more closeldy.

Martinez formation.

The oldest unmetamorphosed formation occurs
in two wedges entirely within the San Gabriel
fault zone. 1t consists of three diiferent rocks.
The wost aistinctive of these is a umottled, green

ana red congloumerate, with swall rounced pebbles
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up to several inches long in a metrix of impure
gquartzite. Interbedded with tiiis is a soft,.black
shale. The rest of the formation consists of fine
grey to tan silitstone, occasionally coarsening

to sandstone. Because of the intense d-oformation
of the feult wedges, it is impossible to estimate
accurately the total exposea thickness of these
rocks, but it must certainly exceed several hundred
feet. Clements ana Oakeshotte (1934) believe this
formation to be Martinez (Lower Eocene) because

they founu one specimen of Turritella pachecoensis

in the conglouerate.

Modelo formstion.

The exposures of Martinez are entirely
surrounded by faults. The only other sedimentary
beds besides Quaternary aliuvial deposits that
are younger than those of the basement complex
are a secries of three foruwations of Tertiary age.
They are exposea continucusly in an east-west
belt across the southern part of the area, ana
the upper unit outcrops comwonly on the top of the
blocks nort: of the Sierra iMadre fault zone., The
thicknesses of these foruwations chnange from south
to north across the region, thinning by omission
of the lower uewmbers, and possibly by thinning
of the beds. The claest rocks exposeda are coarse

sanastones anu conglomerates, weathering to a
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tan color, with occasicnal cherty layers a fracticn
of an inch tnick. Most of the lowest member, however,
is couposed of a siliceous shale, witn interbedaed
sanastones ana conglomerates. The shale beus are
from a smaili fraction of an inch to two inches tuick,
generally grey in color, anc weathnering lignt grey
to brown. The sanustcnes are white to tan and occur
in beas up to several feet thick. Conglomerate is
the least comumon rock type, but is more plentiful in
the western end of tne area than in the eastern. West
of Kagel Canyon there is an outstanaing marker bed
about 200 feet thick, which can be traced until
it strikes cut under tne ailuvium hzlf way to
Lopez Canyon. East of Kagel Canyon this bed can not
be traceu continuously, though there are & nuuber
of conglomerate beds which indicate that it is
probably still present in the section.

Kew (1924, p.6o) concluded tihat these beas
were a part of the Miocene lMouelo fcormat.on on
the basis of their lithologic similarity to beds
known to be of that age. Hill (1900, p.143) found
an Upper Miocene fauna in them; but it is difficult
to tell from his description of the location of
tnis fossil bed just where it is., The Modelo beds
shown on his map that are nearest to the described
location are north of the Sunlana fault. Only about
15U feet of Mocelo rocks are exposed thnere along

the scuthwest ecge of the upraised block. These
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beds lie unconformably on the basement coumplex
on a major erosicnal surface. The beds are grey
to brown sanastones contzining marine fossils.
They are cut off on all sides except the northeast
by faults. Since these beds northeast of the fault
differ consicerably from the beds presumed to be
wodelo that lie to the south the relative ages of
the two parts wust be consiaered to be uncertain.
For the purposes of this report all post-hliartinez
beas stratigraphically beneath a certain characteristic
basal conglomerate have been wmapped as lMouelo.
The thickness of the lodelo formaticn in
this area can not be determinea, as it is nowhere
coupletely exposed, being surrounced Ly younger
rocks on all sides, except for the three smail
patches nortneast of the Sunland fault. The thickness
of modelo exposeda is 3750 feet. The total thiickness
is almost certainly greater than this. The lodelo

everywhere is a marine formation.

Pico formation.

There is a marked erosional aisconformity
at the top of the Modelo througnout the area.
Foiiowlng this histus there was deposited a thick
conglouerate bed. The surface beneath this conglomerate
is irregular, snowing that erosion took place,
but everywnere the dips and strikes above and below
the breax agpear to be the sawe within the limits

of accuracy of tne measurcuents. This is in marked
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contrast to the area southh of Big Tujunga Wash,

where tne top of the Modelo underlies a umarkea unconformity.
The formation above this unconformit; was lidentified

as Pico by Kew (1924, p.77) and Hill (1950, p.143)

on fossil evidence.

It is grey to brown in color, cliff-forming,
ana contains many rounded boulders of ignecus anu
metamorphic rocks such as constitute the basement
complex. These cobbles are often over a foct long.
The ground mass is largely unscortea sand of mixed
composition. Higher in the section the conglomerate
grades into coarse and fine sanastone, and finally
into silty shale very similar to the Modelo. In
tne western part of the area this sequence 1is
repeated at ieast three times. In the eastern part
only one easily traced conglomerate bed is found.

In the vieinity of Kagel Canyon tne continuity

of tine outcrop ol the beds is afiectea by feaulting
ana folding, so that it is impossible to be sure
which of the conglomerates in tihe west corresponds
to the one conglomerate in tire east. However,

since the lowermost of the conglomerates in tiae
sequerice in the west is easlily traced and appears
to be the most prominent, it has tentatively been
correlated with the one found east of Kagel Canyon.
Everywhere beneath tinis bed there is a thick secticn
of soft shalies, while above it such shales as are

present are limited in extent, and are generally
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very sandye.

The upper part of this formation consists
primarily of grey, yellowish or tan sandstone
varying in coarseness, but witin only occasional
and tiiln conglomerate facies. Shale beds up to
five feet or more in thickness are coumwon, but
represent considerably less than half of the total
section. The waxiwmuia exposed tnickness of thi

formation is about 230U feet.

Saugus formation.

The Pico, which is a warine formaticn,
grades upward into a terrestrizl facies., The contact
is traceeble by a bed of white to yeliowish sandstone,
very soft, ana weathering to a bleached white color.
It is arkosic, and contains fraguents of scme
dark colorea uwaterial. This marker is sometimes
a single beu, ten to twenty feet tihick, but at
other times it spreads out intc a zone Tifty feet or
more across in which the white arkosic sand is
the principal, but nct the oniy, constituent present.
Beneatn tnis sand the marine Pico shale mewbers
weather brown, above it tney are usuaily red.
Approximately here in the section tiie per cent
of arkosic meterial notably increases. The seuiments
aprear to cnange graduaily, but witnin a few hunared
feet in vertical section, from warine to terrestrial.

The marker bed is wmost easily recognizea in Little
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Tujunga Canyon where 1t crosses tuae county road.
It becones gradually less aistinct as uvne goes
east from there, and it is also poorly exposea
west of Lopez Caryon.

Above this contact the rock is unirorwliy
arkosic conglomerate and sancstone, tine material
being unsorted detritus cowposea ol whatl apuear
to be ignecus and metaworphic rock fragments of
all sizes up to several feet across, but mostly
small fraguents less tnan 3 inch long. Fragments
are comménk, angular or subangular, tnougn soume
rounded pebbles can be founa. It was reflerrea to
tine Saugus forumation by Kew (1924, p.84) on the basis
of its lithologic similarity to thae Saugus beds
of the Santa Clara Valley. No fossils have been
discovered in it in the Little Tujunga area, but
it is prcobable that it is a terrestrial facies
of the Pico, and may be as old s Lower Pliccene.
It will, however, be called "Saugus" here for
convenience in discussing thne geology of the area.

The lower part of the Saugus formation
is liargely a airty wnite in colior, but nigher in
the section red beds becowme wore cowwon. In the
deposits north of the Sierra hadre f{ault system
the presence of alternating red zna wnite layers
1s typical of the forwation. These rsu beds a)pear
to be aue to the presence of a grezter percencage

of clayey material tuan is present elsewhere.
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Frou a distance they make tne seaiuwentary bedding
very clear, but wnen ocne exauwlnes an indiviaual
contact betwecsn a rea and wihite layer, no distinct
teaaing plene is to be secn, tiie two rocks being
alike in texture ana massive in nature.

Norto of the Sierra Madre fault zone,
the Séugus is depositea directly on the basement
ccuplex. Therefore, except for a very small awmount
of Modelo on uthe southwest edge of the Sunland
fauit block, Saugus and more racent alluvial deposits
are tne only sedimentary rocks above tihe basement
north of the fault zone. Tihils means that in a cistance
of only 12,000 fect, at least 5900 feet of hioaelo
ana Pico nave been owittea from tihe secticn. Since
tae Saugus seems to have been aeposited without
discontinuity of any kind cn the Pico, it seems
unlikely tinat tne Pico can ever have extenaed wore
tiian a short distance north of its present nortihernmost
outcropping. Evidence will be presented later thnat there
has been souwe crustael snorteniing in a north-south
directicn aliong the Sierra Liadre feult zZone, but
it 1s doubtful if this can exceea more tiien a few
tiwousana feet. In the lignt of this it is not
surprising that we find the marine Pico changing
to terrestrial Saugus, since tnere must have been
a very steep shoreline.

The Pico deposits are notably coarse.

Apparently the streams running off of a sharply
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rising land mass fiiiea up the adjoining sea and
bullt a large fan deposit along the mountain's
eage. This Saugus fun appears to have a meximum thickness
of at least To4U feet, as measurea from the eross
secticns. However, tuils figure may be exaggerated,
as the fan wmust have been built up the mountain
front burying a surface tnut was far from level.
There may not have been a couplete section of
Saugus under any plece where tnis formation is
now exyosed, since there is no reason to assuue
tiiat the lowerwost Saugus whicih we fina at diiferent
places in the area 1is all oi the same age.

The suaaen lateral disappearance of thie Pico
presents a special problew when one attewpts to
araw a nortn-soutis secticun, such as section E-F.
Here the bedding has been drawn in using Busk's
webtuood (1929). It is clear tnat more Saugus is
exposed on tine nortanern liwb of the Merrick syncline
than on the sout.ern limb. In drawing the secticns
we wust, therefore, viclate Busk's assumption of
parallel folas anu constant beu tiicknesses, or
assume, as was done here in tie secticns, that
the original depositicn was on & sloping surface,
and tnet conaitions of deposition changea frouw
marine in the soutih to terrestrial in the north.
Anotier alternative is to assume tiat first the Pico
lensed out by omission or thninning, ana tnen the

Saugus lensed in o0y t.ichkening or adaition of
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beds. Such lensing, first out and tnen in, sesus
unlikely in a series of beds apparently deposited
in a continucus seguence. In any case, tile disa gearance
of woueio as well as Pico suggests tnat the foruwations
overlap to tiie north. Since the north is presuued
to be the direction from whicn the sediments caue,
overlap is more likely the cause of thelr alsappearance
tnen 1s thinning. .

The koaeio appears to have extenaed fart.er
to tne norta tihan the Pico. The angular discordance
cetween tinese two forwat.ions which one finds just
tu the south of tiie region mappea indicates that
there was an interval of some orogenic activity between
tue two ages. It 1s clear tnat the lodelo extenced
souwe unknown aistance fartier nortn tinan its present
uistribution, anc was ercdea off just belore the
Pico was deposited or during this time. The basal
congloumerates in tie Pico way be tiae result of
several unheavals of tine old San Gabriel rauge
as a result of wnicn thnese cdelo depousits were
removeu. These uplifts may have created toe steeply
sloping mass against which Tne Saugus sediments
wer:= lald down.

On thne otner hend the apparent conceraance
in dip between tihe Pico ana Modelo suggests that
in the Little Tujunga region tie time separating
these two ages was one of relatively quiet emergence

witoout wuch tilting. If so, tiiis was only a local



- 45 =

condition. However, it is possible tnat tne Pico
beds once covered as muci territory as tie Modelo,
ana nave since been eroded off the top of tne
Sunlianc block; but this is uniikely because of
the apparent conformiily beneat. the Saugus. Though
it is precominantly shale, even the kodelo has
a consideraible amount of coarses material in it,
suggesting that toe Little Tujunga region is near what
once was the boraer of tne Moaeslo sea. If tais
is the case, tuaen the San Gabriel mountains may
have been a lanc mass even in late liiccene tiue.

The basewment surface on which the Saugus
was depositeu was at least in large part highly
irregular in shape. Alsc, thers 1is abundant evidernce
at many places tnat it was covesred by a layer
of soil, which is still today not coupletely lituified.
This pre-Saugus surface way nave cifiered very little
from the present land surface in its nature. Although
a considerasble period of orogenic action and erosion
has passed since Saugus time, it is not certain
that the uplift which raisea tie source rocks of
tre Saugus fan has ceased. It is true that the
sea has retreateu a long way from the fcot of
the San Gabriel mountains, anu tnat the present
cycle is one of erosicn; nevertneless, a sharp
aivision between upraised mountains and lowlands

still occurs zt tne old snore .iine.



Lopez roruation.

The puSt-Saugus nistory is one of successive
ages of deposition and renewed uplift. The fanglomerate
veus wnichn give tuis iniormaticn are all so fresh
tiat Tuey are almost certainly Quaternary, anc
all may even be Recent. The oldest appearing deposits
of tuls sort occur along the tops of the ridges
west of Lopez Canyon. They are wottled, redadisn,
partislly lithified, porous conglcmerates and
coarse sanas, composed of fraguents of baseument
coiplex rocks of all sorts. Hill (1930, p.ls4)
has named tnem tne Lopez formation. They appear
to be pert of a large ran that once covered mcst
or all of the region mapped south of the Sierra
kaure fault zone.

Fanglomerates which appear from their aegree
of decomposition to be of about tie same age occur
along thne mountain front from Pacoima Canyon to
Lopez Canyon. Near Pacoima Canyon tinese aeposits
are several hundrea feet tihick, light to dark grey
in color, anc deeply weathered. The deposits were
laica down on & nighly irreguler surface. Their
nighest point appears, frow tie deposits wihich
rewain, to have been near where the present Lopez
ana kagel Creeks cross tihe Sierra Madre fault
zone. The large loaf-shapea hill on the west side
of Upper Kagel Canyon is capped with 150 feet
of couarse, dark colored, much weat:iiered alluvium.

Its lower surface 1s at about the same elevaticn
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as the deposits on tue ridges west of Lopez Canyon,
and presumably it is a part of tals same fan.
On the east side of Marek Canyon there
are two alluvial aeposits, the olaer lignt grey
in color, tne younger dark grey (Figure 4, at the
end of tne peper). The light colored mewber is
exposea only in a few c¢liffs on the eastzrn siae
of lMarek Canyon, and is different from any other
alluvial deposit in the area. The darker variety
buries tne lighter. It more closely resembles tihe
aliuvium on top of the loaf-shapea mountaln west
of Upper Kagel Canyon, anda occurs at a level which
suggests tnat 1it, too, is a part of the Lopez fan.
Along thne soutiiern eage of the wountains
are wore ueposits of sewi-lithified gravels. These
deposits zre composed of bot.. basement fraguents
ana material that appears to nave been derived
from the Moceio shale against which these beds lie.
At other places these deposits are completely unlithified,
and are composed entirely of sana ana rounded to
subanguler boulders of baseument rocks. Because of
their aiifferent composition it is impossible to
correlate them with certainty with the deposits
to tuhe nocrtahwest; but it seems likely that they are
of about the sawme age because of their simiiar degree
of weathering and lithification, ana irom the feact
tanat they, toc, seem to have Ilormed part of =a

large fan. It is possible tnat this fan Jjoineca
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tne Lopez fan by filling the river valleys which
cross from tiae antericr depression to Big Tujunga
Valiey; or they may have been two separate fans
of the same or different ages. The alluvial deposits
glong the soutnern eage of the mountains wmsy not
all be of the saie age. Because of this uncertainty,
they have been given a special sywbol on the geologie

map.

Kagel formation.

Filling thne present valleys of Kagel, liarek
ana Limekiln Creeks are alluvial deposits into
which tine present streams are intrenched to a
depth of as much as 100 feet. Similar deposits
choke the valleys of some of the western tributaries
of Little Tujunge Creek (Figure 5, at the enc of
tiie peper). These deposits lie mostly at lower elevaticns
tuan tae neerby Lopez fanglowerates. They are
composed of unlitunifiea, unsorted, subangular
fragments of tne basement complex, consiuerably
weatihered, but ¢n tine average less so than the
Lopez deposits. They are generally so porous that
the streams nave tended to cut tiieir channels
in tne adjoining outcrops of Saugus wnere surface
runcif is possible, ana left these fills as relatively
level surfaced areas between tne aajoining, rugged,
Saugus ridges. Hill (1930, p.l44) has nzmed 'this

fanglomerate tne Kagel formation. At the nortawestern
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end of Upper Kagel Canyon the highest part of this
fan is at the same level as aeposits west of Lopez
Canyon t.at are thougut to be of Lopez age. The
litnologic differences between the two are so
siiail that it cen not be said with certainty where
one foruwation ends in tnis region ana the other
begins, particularly siice the younger Kagel must
contain reworked material from the older Lopez.

The Kagel deposits in the dirferent canyons
may not all be eyually old. The deposits in Kagel
Canyon are <50 feet in elevation above those in
Marek Canyon, though the mcre western deposits
reach right up to the diviue between the two canyons.
Thus the Kagel alluvial aeposits do not represent
part of one fan, but are a similar developuent
in the several canyons where they occur, whereby
the wmaterisl was supplied faster than the streams
could carry it away, and they were forced to drop
a part of their load, choking their channels.

The aegrees tc which the channels were filled appears
to be dependent on tine stresm profile of each
individual canyon.

On the eastern side of Little Tujunga
Canyon there are extensive terrace deposits that
appear to be more weathered than the average Kagel
sediments. Also these terraces do not coincide
exactly with the surfaces of the Kagel fanglomerates

on tie western side of the canyon. On the other
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hand they are, in general, lighter colored than
tite typlcal Lopez fanglomerates. They have been
mapped as a part of tne kagel formation since they
more closely resemble tnese deposits than tie
otners.

Above tie Jjuncture of Limerock Creek ana
Little Tujunga Creek are scatterea fraguments of
terrace deposits tiiat are lithologicelly similar
to tue Kagel deposits, and are, therefore, tentatively
correlated with tinem. The distribution of these
ageposits is such as to suggest tnat Little Tujunga
Canyon was at one time chokeua with fanglouerate
in tie same wanner that Kagel Canyon 1s now chicked.
Similar ceposits occur in tne upper part of Little
Tujunga Canyon as far as Diilon Divide on the
county hignway, and on tine Pescoluma Creek side

of tnat suuuit,

Beehive Mesa formation.

In the same region tiere is another series
of fanglowerates tnat are litnclogically very
aifferent frow tne Kagel deposits. The largest
outecrups of tnis wmaterial are on the terraces
north of Buck Creek just above its juncturé with
Little Tujunga Creek. These aeposits are well
beaaed sands and congiomerates, various shades
of brown in color. They differ from the Kagel

fanglouwerate in toneir more uniform texture,



greater fineness, pronounced bedaing, and in color.
Similar deposits occur in smaller patcines higher

in Bueck Ceanyon. The degree of weathiering is about
the same as in tue case of the Kagel deposits,

anu the twe wmay be of the same age. However, in

at least one place gravels are deposited on top

of the Beehive liesa forwation winich closely resenble
tie Kagel fanglomerates. It is therefore probable
that the Beehive lesa deposits are oldaer than wmost
or all of the Kagel. They can not be dated with
reference to thie Lopez formation with the available

eviuence.,

Most recent alluviui,.

Along the lower pert of the stream courses
of Little Tujunga, Paccoimz and the otner larger
streams are terraces of waterial apparently of
extremely local origin, washed down from thne aajoining
riages, but stanaing often as wuch as 20 feet zbove
tne present streams, and with their surfaces sloping
up to tue acjoining ridges. In spite of their
terraccu nature, tirese deposits ao not appear
to be of great age, and are being buill up at
places by the current drainage. These terraces,
and other low terrceces along the lower reaches
Pacoima, Lopez, Kagel and Little Tujunga Canyons
have been included in our classification as Recent

aiiuvium (Qal), for they a;pear to be a resuilt
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of the current cycle of erosion anu deposition.

In the next unususlly large flcocd most or all of
these terrazces willi be covered with water, and
materiel may be aaued to them in some cases. In

the same manner the whole slope from the foot

of tne hills to Big Tujunga Wash is receiving
waterial carried aown by intermittent streams

ana flooas, and tizis slope is, therefore, similarly

mepped as Hecent alluvium.



IV. STRUCTURAL GEOLOGY.

Introduction.

Structurally the Little Tujunga region is
divided into thiree uain parts by the two wsjor
fault systems. The nortiaernuwost of these divisicons
lies northh of the San Gabriel fault. Here the
rocks are what Cakeshotte consicers to be wmonzonite,
presumzbly a part of liller's anorthnosite series.
The mouuntains rise to heights considerably greater
than in the area to the south. The highest pcint
in the regicn mapped is 37 feet, but even higher
peaks lie just to thie east anu nortn. This is a
part of thne wain core of the San Gabriel range
describea by Milier (1934).

To the southh lies the posterior depression
and the fault block mowntains reised along tne
Sierra ladre fault systew. The postericr depression
is formed by the removel of the Saugus seaiwments
Ifroum tne nertnward dipping sliopes of these baseuwent
blocks. South of tne Sierra ladre fault system
toe rocks forw a belt of norta tiltec sediments of
tie Modelo, Pico, and Saugus forwmaticns, mildly
folaed ana with some relatively minor fauiting.

Big Tujunga Wash forms tne southern edge of the
area, and south of it are more, similar sediuments.
There may be another big fault in Big Tujunge
Valley, but 1f so, it has nowhere been observed

at the surface.
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San Gabriel fsult.

The San Gabriel fault is one of the major
structural features of soutnern Czlifornia. It
extends frow the vicinity of Tejon Pass to Canyp
Balay, at the foot of San Antonio Peak (see Geologic
map of Californiz, 1938). Although the surface
outcrop of this fracture is relgtively straight,
it by 1o means possesses tnis characteristic as strongly
as does the San Andreas fault a few miles to the
north. It has been suggesteu tuat the San Gebriel
is, like the San Andreas, a strike slip fault.

This is however, by no means certain. Witn the
poussible excepticn of Pacoiua Creek, there are

no offset streams in the area mappew. However, if
the bend in Pacoima Creek where 1t crosses the
fauit zone is a result of strike slip wotion,

tien the directicn of movement of the two blocks

is 1n the same sense as that of the San Andresas,
tiie nortneastern blcoeck moved southeastward relative
to tiie southwestern block.

The San Gabriel fault, where it was stuaied,
consists of four wmain pbranches., The nortrnernmost
of tihese was named tihe Dillon fault by Hill (1430).
It separates the aioritic rock mwentionec previously
from lignter colorea granites to the south. The
measureu dip varies frow 8%° north to 49° south,
but is generai.iy steep. The outcrop of the fault

is very straight, regardless of the topograpiiy.
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Because of the extreme breccliation of the rock
on eitner side of the welin Irracture, a precise
measurewent of tie aip of the fault plane at any
ocne location can rarely be waae, Measureuents
mate on any individual plane cof movement are not
necessarily typical of tihe fzult as a whole. The
best estimates of the dip are obtained by stanaing
on tne fault on one ridge anu noting the angle
at which the trace crosses tiie far siaes of the
acjoining valleys. Tne fault 1s generalily a wide
crushea zone, graaing into less brecclated rock
on eitner side. The block northh of the fault is
generally less brecciated taan tane blocks lying
between its north anu scuth vranches, though no
such contrast exists between the rocks on either
siue of tne south branch. The fault zone proper
varies in thickness from a fraction of an inenh
to twenty feet or more. Where it is narrowest,
as in tue southeastern corner of section 7, T3N,
R14W, it dips steeply north. Here it is a fine
black bana of altered rock, and it is very flat
in shape. The adjoining rocks are wuch less brecciated
tnan norually.

Just southeast of the nortuwestern corner
of the mappea area tne Diiion fault spiits into
two vranches, tihe northern branch being that callied
tiie Dilion fault by Hill. The widule brencih is

marked by a series of brecclated zones tnat usually
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weatner white, so tiat they can be easily traced
across the landscape. This branch lies coupletely
in the granite, Its course 1s also usually marked
by low spots on the riages where ercosion has proceeded
faster in the brecclated zone than in the adjoining
waterizl. East of the bend in Pacoima Creek where
the creek turns nortuward ana leaves tne fault
zone the rock is so generally broken that it is
difficult to trace this branch, anu its eastward
extent 1s unknown. Where measurable, its dip is
from 74° south to 88° north. Since this break
is entirely in the granite, 1its aisplecement can not
even be estimatec.

West of section 2<, T3N, R14W, the southern
brencih of the San Gabriel fault is known as the
De killie fault. Its course is marwea by a seriss
of low points in tie topogrephy. For over a nmile
tne bed of Pacoima Creek approximates its course.
Throughout most of this area it is a 100 foot
wide zone composed of crushed kartinez shales and
congloumerates. However, at the west ena of the
area like tne Dillon branch it reauces to a & inch
wide, flat, black crack between two boaies of granite.
Here the fault plane dips 81° north. Elsewhere
the dips vary towards the vertical and to 85° scuth.
The belt of Martinez sediments a.pears to be =z
thin wedge droppea aown on the north side of the

main De Mille fault on a plane which Jjoins this



with a dip of about 03°.

In section 2< the De hMille fault again
splits into two branches, the southern of wiaich
Hill has named the Watt fault. The wedge in between
is again composed of Martinez sediments, this
time less distorted, but still badly broken ana
squeezed. The Watt fault is a low angle reversed
break where observed, dipping from 33° to 41°
north (Figure 7, at the end of tihe paper). The
Juncture of the Watt and De kiiile fauits in tue
area ma;pea is not exyosed, belng covered by a
large body of Beehive liesa fanglomerates. According
to Hili's map, the eastwara extension of the Watt
fault never quite Jjoins the De liiile as Ifar east
as he has traced it. Miller, however, shows the
two Jjoining in Gold Canyon, c¢n the Big Tujungea
. watershed. West of their Jjuncture, tne De hiille
fault separates granite on the north from a ccuplex
mixture of igneous and metamorphic rocks on tuoe
south, Millert's San Gabriel formation, in which
granite is still the comionest elcment. East of
tiie juncture, Saugus sediments lie south of the
fracture.

The material south of the Watt fault is
folded into a synclinal structure. However, the
rocks are everywhere so disturbed within 500 feet
of tne principal shear plane tuat it ean hardly

be considerea a simple syncline. The series of
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smwall connected folds way in large part have been
causea by dreg along the Watt fault, though its
persistence suggests tnat it is more likely &
compressional feature, possibly a yielding to
the same forces which raised tine block nortn of
the faudt.

Where thne De iille fauit lies between igneous
or wetamorpnic rocks, these rocks are badly snatterea
on both siaes ¢f the main bresk, but where it is
boundea by Martinez sediments on one siue, the
northern, igneous wall is much wore brecciatec
than the opposite one. The Tertiary seaiments
acjoining the faults have adjusted to the movcments
largely by folding rataer than by brecciation.

The Saugus sediments in particular, wherever they
have been aisplaced, appear to be less alsturbed
than the adjoining rocks. This is presumably aue
to their pliancy, which permits them to aajust
without intense fracture. It does not mean that
tiis formation has adjustea ent.rely turu folaing,
as 1t is generally broken near tioe faults; but
inaividuel blocks of Saugus have yielded by &
plastic-like flow, whereas the basement rocks

are everywhere crushed into swall fraguents by
tne intense deformation, each fragment itself
being weakened by small breaks along which motion
may once have occurrea, The smallest piesce of

basement rock that cen be founo anywhere near
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one of the faults can alwost invariably be broken
along existing cracks. The Saugus, on the other
hana, appears to be massive right up to the slickensided
surf'ace of the fault plane. Separating it from
tue fracturec liartinez sediments there is a zone
at most a few feet thick of powaery gouge. The
Martinez yields in much the samwe manner as the
Saugus.

It is difficult to tell how much dislocation
there has been on each of the different branches
of the fault. Menaenhall Pezsk, <600 feet east of
tiie northeastern corner of the mapped area, is
between 40x5 and 4050 feet above sea level, In
Gola Creek valley tne contact between the Saugus
anc basement occurs between 1750 ana 1775 feet,
weking a total difference in elevation of <875 Ieet.
To this wust be aaded the tnickness of the Saugus
at tune Watt fault, which from section E-F is 420
feet, but which thickens to about S00 feet just
to the east of the area shown on the map. Aading
tnese figures we find that the minimum throw on
the San Gabriel fault is between 3285 and 3775 feet.
This aoes not include tine wedage of lMartinez of
unknown thichness between the Watt and De liilie
brancnes. This represents an unknown amount of
pre-Saugus movement., Furthermore, it is not possible
to tell wnat thickness of rock has been eroded

off the top of Mendenhall Peak that should be addea
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to tne figure for the throw.

On the otner hana tae vertlcal couponent
of motion ma; be exaggeratea in this figure. It
has already been wentionea thnat tie Saugus was laid
down on an irregular surface. The total thickness
occurring north of tne Sierra kiaare fault zone
is wuen less tuan tnat founa to the south, suggesting
tnat tine forumation may be thinning as one goes
north. It may be that the Saugus never extended as Tar
beyona tne site of the present San Gabriel fault
as Mendenhall Peak. Also, since tne strike slip
couponent is unknown, tne block immeciately north
of this structure in tuoe mappea area may have been
brougnt horizontaliy frow scme aistance to the
east or west, in which case tiie absence of tne
Saugus on the north block is nct so meaningful.

This argument applies equally well to
tiie Martinez sediments, winich may also have been
brought into thelr present positicns by strike
siip movement. The nearest outcrops of lartinez
to tnose in tne Little Tujungea region are at St.
Francis reservoir 1o miles to the northwest, and
in Aliso Canyon, a aistance of about 19 miles to
the southwest (kew, luz4: Geol. map of California,
1958). The Martinez is not founu anywhere in the
Little Tujunga area, nor in tue Verdugo mountains,
beneatn tie kodelo or Saugus at any place where

these formations are found in seaimentary contact
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on tie basement rocks. If the present outcroppings
of the Maertinez in the San Gabriel fault have not
been brougnt from some ailstance away, tien Martinez
sealiments must have been depositea over utne whole
surrounuing region at some time in tane past. Since
they are not at present found beneath the Moaelo

or Saugus, they must have been removed before

these formetions were deposited. If this is the

case it would seem strange that they are preserved
where they are now found unless they had been
downfaulted at some date earlier than the deposition
of the Modelo, in order to preserve them in their
present position. This would mean that the San
Gabriel fault was already moving in pre-iiodelo

time. Since Saugus beds are cut off, it must also
have been moving in liiddle or Upper Pliocene tiue,
and since Quaternary beas are not disturbea, the

end of the movement must have been beiore tiiese

beds were laid aown. It has already been pointeu out
tuat the San Gabriel Mountains appear to have been

a land wass just north of the Little Tujunga region
in Pico time, since the marine Pico changed to

the terrestrial Saugus continuously. It meay be

that the Saugus seaiuwents lapped up to the then
rising scarp, and never crossed it at all, and

that the present offset appearance of the Saugus

is due to woveument of the fault against the mass

of sediments which were being built up against
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its scarp. In that case thne minimum late Plioccene
vertical displacement on the fault would be the
difference in elevation of the basement on its
opposite sides, whicn woula be 2875 feet. The
unknown thickness of the Martinez woulc be the
minimum movement which occurrea in pre-liodelo
time.

If the horizontal component of mction was
large, then thne situation mey have been completely
different. It is not possible to make any estiuate
of the relative amounts of horizontal and vertical
displacement on the basis of the direction of
observea siickensides since striae can be founa
which snow movement in almost every airection. This
is partly a result of the very wide zone of disturbance
stretching from the Watt fault on the south to tie
Dilion fault on the north. Within this zone the
present directions of the striase may be Iar from
what thney were when the causing motion actualily
took place, as these rocks have been broken anc
twisted about by later motion. The trace of the
fault as a whole is far from sfr;ight, as shown
on the geologic wap of California, and therefore
it is doubtiul if strike siip can be predominant
unless it has been flexed since the last wovement
on it.

The dips of the Dillon (both branches)

ana De Mille faults where best expcsed are 80°
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to 90® north. The Watt fault is a couwparatively
low angle, north dipping, reverse fault. At present
the relative elevatiuns of tne blocks suggests
tnat in every case, except possibly taat of the
soutn branch of the Dillon fault, the nortn block
has been raised. Certainly, treating tne San Gabriel
fault as a whole, tue nortilern block has Deen raised
with reference tc the southern one, since basement
rocKs rise against the Martinez, and tne latter
lies over and above the Saugus. However, as mentioned
above, at one time the wmotion on the Watt fault mey
have been in tane opposite direction.

It is difficuit to tell to what degree
the present scarp is due to the criginal uplift
of the main mass of the San Gabriel range, anu
to what degree it is due to thne erosion of the sort
seaiments from the southern block. Certainly erosion
has lowerea tiis, ana the relative softness of the
sediments would indicate tnat this erosicn must
have been much wore rapia than that of the baseuent.
However, nowhere is thnere exposed a recognizable
top of the Saugus sediments, so that it is impossible
to say how thick tney once were. It has previously
been suggestea that they were built up against the
side of an already existing mountain range, anc
and if this is tne case, it is possible that much
of the difference in elevation now existing across

tiie San Gabriel fault may have already existed
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at the time of deposition of the Saugus. On the

otaner hand tnis formation may have been many thousands
of feet thick, and may have extendead miles nortn

of its present liwits, in which case the present

scarp woula be a fault line scarp.

The relative ages of tne different fractures
in the area mapped can nct be determiﬁed, as none
of tnem except the two branches of the Dillon fault
intersect. Hill, however, has suggested tnat the
Watt may be older than the others (p.l54-155),
because it has been folded wheréas the others have
not, and that the De Mille is older than the Dillon,
since the latter cuts off the former east oi the
area mapped here.

Iummediately soutn of the San Gabriel fault
zone tine rocks are broken into a series of blocks
that are separated from each other and frouw tne
lower land to the south by more fauits. Frou northwest
to southeast these are the liaple Canyon, the Buck
Canyon, tne Lopez, the Little Tujunga, and the

Sunlana faults.

Maple Canyon fault.

The first of these, namea the Maple Canyon
fault from its best exposure along the south sice
of Pacoima Reservolr near the mouth of Maple Camyon,
is entirely in the basement. It strikes slightly

northeast of east from the moutia of Cougar Canyon
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past the mouth of Maple Canycn, and eitiher dies
out or'is cut off by the De Mille fault to the
northeast. It dips about 70° north where seen.
The block on the south is largely underlain by
Placerita quartzite intruded by granitic rocks.
The north block consists largely of similar granitic
rocks. The course of Pacoima Canyon follows the
trace of this structure for about 3000 feet. From
the available evidence it is impossible to tell

the direction of movement.

Buck Canyon ana North Fork faults.

Five thiousana feet to the southeast 1s the
Buck Canyon fault. Its eastern end is buried by
the saume body of Beehive liesa fangloumerazte which
10uu feet farther east covers tne western end of
tne Watt fault. The De Mille is also Luried here
beneath these deﬁosits. The simplest picture of
the intersection of the three structures would
be one wherein the Buck Canyon fault ofisets the
De Mille. Since the Watt fault is presumably older
than the De Mille, the Buck Canyon fault wmust
off'set both the Watt and De WMille, as shown in
figure 3. Although the Buck Canyon fault has not
been observea nortn of the De Kille, the apparent
offset of this fracture, which can be seen 1f cne
projects the direction of its outcrop under the

Beehive Mesa cover, is most easily explainea if
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Detail of the geologic map showing the preferred hypothesis
of the relations between the Watt, DeMille and Buck Canyon
faults at their presumea intersections beneath the
Beehive liesa formation. -

Figure 3.
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one supposes tnat tne Buck Canyon fault is responsible,
An alternztive eXplanztion is that the
Wwatt ana Buck Canyon faults are both the same
structurcl break and o not join the De Liillie
at ali. The greater dip of the Buck Canyon fault
as couwpared to tihe Watt (at least 459 as coumpared
to 360) where they are last exposed argues against
this, but as will be snown later, the Buck Canyon
fault is very variable in dip.

The surface outcrop of this fracture is
suc:. as to suggest tnat it is a moderate angle
reversed fault at its eastern end. Highly fracturea
granitic rocks lie nortn of anu sbove Saugus sealments.
Three tnousana feet west of its disappearance
under Beehive Mesa, the Buck Canyon fault is itselfl
offset by an interesting fracture which we shall
for tne purposes of discussion call the Nortn
Fork fault. This break 1s alumost normal to the
Buck Canyon fault, dipping ebout 85° to the northeast.
The Nortn Fork fazult can not ve continucusly followed
south of tne Buck Canyon fault, tut in three places
in the first 150U feet, basement coumplex rocks
are brought to t..e surface on tne soutnwest side
of displacements cutting the Saugus. These structures
do not line up perfectly withh the North Fork fault,
but tneir trena and location makes it almost certain‘
that they are a part of one belt of fracture.

On them the western block 1s raised exposing basement
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rocks; but where the North Fork fault crosses
tae Buck Canyon fault, we have the anomalous conditicn
of young Saugus sediments being reaised up against
overlying basement cowplex by a normal fault.
This is cue to the reversed nature of the Buck
Canyon fault.

Bast of tne Nortn Fork fault the Buck
Canyon fault has a norinward dip of the order

of 45°

, but west of it the dip is wuch lower,
as proven by its sinuous outcrop. At the western
eage of the cross fault it is alwost horizontal,
as can be seen in figure 8 (at the enua of the paper).
This difference in the attitude of the Buck Canyon
fault on opposite sides ol the North Fork fault
makes estimating the slip of thie cross structure
airfficult. At present the outcrops of the intersections
of the two are separateu by 1100 feet horizontally
ana 275 feet in elevation; but it would be an
unlikely coincidence if these two points have
ever been adjolining. '

The North Fork fault is not a regular
break, but is a jaggeu group of fractures in a
zone of breecia up to several tens of feet thiek,
ana with large chunks of both Saugus anu baseument
included in the zone. There is one piece of Saugus
Wwilose exposed slize is about U feet by 50 feet.
South of tine Buck Canyon fault, the Korth Fork

fauit is & uwuch cleaner break with little or no



gouge.

The trace of tae Buck Canyon thrust can
be followed for about 3500 feet scutiiwest from
its intersection witn thie North Fork fault, auring
which tiwe it waintains its low anglie aspect. The
present scarp, which appears to be a fault line
scarp, is rapidly being eroded back in large part
by a series of small landslides in the steep mountainside.
The soft Saugus sealuwents are rapidly being carried
away by streeuw action, anda the rainwater percolating
tiru tie much fracturea wmass of tihie Buck Canyon
block weakens tne sediwments even under the overtirust
mass, so that they can not carry tne weignt of the
heavy crystailines.

Wnere tne fracture crosses the main branch
of Buck Canyon in the southwest i of tne nortnwest s
oi sectioun zU, ToN, Rl4W, tiae streaw has cut back
into tue tarust block for 1oCU feet horizontally, and
excellent exposures of the sole are abundent.
Although zlong this plane the sediments appear
to be relatively little disturbed except for the
grainaing up of a zone of slicr gouge, tie overlying
baseuent rocks are intensely brecciatec for the
full thickness of the wedge. This is particulcrly
true for the part of tiie block southh of Buck Creek.
The overtihnrust plate here probably never exceeds
S0U feet in thickness, anu is surrounded on three

sides by Saugus sediments. The dip of the fault
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plane is about ¢° nortn.

This wedge may be cut off from the main
mass of tae raised block by a steep fault aloung
Buck Creek. This is suggested by a slickensidea
surface aipping 61° norti at the sadale between
Buck and Limekiln Canyons. However, exposures
thiru this area are toou poor to afford good evidence
of its existence.

On top of the plate is a small patch of
what appears to be Saugus sediwents, tne only
outecrop of such rocks nortih of thie Buck Canyon
fault in tne area mapped. The rock is a dark brown
sandy congdiomerate and dips 10° soutn, If this
is truly a patech of Saugus, and not a particularly
well bedaed and lithnified aliuvial deposit, then
it indicates that tne upper surface of the Buck Canyon
block has not been greatly eroded awzy below the
old pre-Saugus surface.

West of the sadale at tne head of Buck
Creek tlie Buck Canyon fault appears to steepen
agzin and to die out or becoumc lost in tine baseument
rocks east of Pacoima Creek. About 3500 feet east
of Pacoima Creek are two small shears which, though
tney are not seen to join tue well exposed part
of tiie Buck Canyon fault near the neaa of Limekiln
Canyon, may well be its westernmost, split end.

The soutnern one Glps approXiumatel; 71° northeast,

and the northern one dips approximately 86¢° soutih.



The Saugus seaiments dip under the Buck
Canyon fault at & steeper angle than the fault
plene in many places. Thereiore, either the seaiments
must flatten out or reverse in uip souwewhere veneath
tne thrust, or tne break wust steepen, or both.
‘The last view 1is tne most likely. The outerop of
Saugus farthest up Buck Canyon wiiere a dip could
be measured was Gipping south couwpared to the
generally northerly dips of tihis formation elsewhere
around tie eages of tne block, inalcating tiat
the seaiments reverse in aip. On the other hana,
if the lowest aips of the fault plane are projected
back toward Pacciuwa Canyon without any increase
in aip, tuey snoula coite to tne surface in Ant, and
possibly in Maple Carnyons, which they do not do,
Therefore, tne fault must steepen towara its roct.
This is likely from another point of view. North
of the Buck Canyon block is tne San Gabriel fault,
a line of muchh greater fracture iu the crust than
tiie Buek Canyon fault. If the Buek Car on block
is entirely a low angle thrust weage, then there is
no source south of the San Gabriel fault frow
wnich it can have come. These lines of evidence,
ana tue fect tnat at its eastern ana western ends
the Buck Canyon feult has a moderately steep to
steep reversed attituae, all suggest that the iow
dips in its wiaale section must increase rapidly

towaras its root.
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With so great a variation in aip, it is
difficult to estimate the amount of movement on the
Buck Canyon fault. Just south of where the supposed
Saugus is found on top of the Buck Canyon block
the tnicsness of Saugus under the thrust appears
to be only about 1ib feet, thougn it may increase
witih depth, as the beds are aipping more steeply
than the fault plane. The thrust has shoved basement
out over Saugus at least 180C feet, the aistance
from Buck Creek to the southern eage of the moved
plate, ana possibly much wmcre than this. It is
doubtful if the thickness of the sediments is
much greater than 1l<b feet, as in spite of the
wide area over which these deposits outcrop, they
appear to be nowhere very thick on any of the

raisec blocks.

Lopez fault.

The next major fracture soutin of the Buck
Canyon fault is the Lopez. Its scarp can be followed
easily east from Limekiln Canyon to Kagel Canyon,
where it forwms the southern boundary of the fault
block wmountains. ieasured dips along it vary from
48° north to 33° south, the last named figure
being exceptional, anc probably influencec by
lanaslicing. It is a low angle reversed fracture,
possibly at places overthrust, with the basement

rocks riding out over Saugus sedaiuwents. The Saugus
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is relatively little shattered, though the basement

rocks are intensely so. The rocks north of the

fault consist of metaseaiments anc intrusives.

Where best exposed in Lopez Canyon it consists

of an ineh thick zone of powdery, red gouge in

a zone of intense fracture approximately 50 feet

thick. Adjacent parts of both tie upper anu lower

blocks continue to be greatly aisturbea for hunureds

of feet on either sice of tane main shear zone.

The fault can not be traced under Kagel Canyon,

since tiiis valley 1is choked witih recent anc old

alluvium. The situation 1s also confused by a

group of landslides at the heaa of the alluvial

deposits. East of Kagel Canyon are two faults, one

along the mountain front, and one cutting northeast

to the headwaters of Limerock and Nehr Canyvons.

Between the two is & north-tilted block of baseuent

crystallines with Saugus sediuwents alpping off

of its northern edge under the more northern fracture.
Either of these two breaks could te a

continuation of the Lopez fault, or poth could be

branchnes of it, but the projection of the nortiermnmost

of the two appears to join tine Lopez fault more

clearly then does tihe projection of the southern.

Hill believed the reverse to ve true, but much of

the evidence relating the northern shear to the

western part of the Lopez fault is to be found

in road cuts on & reczntly built forestry road
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and was not exposed wnen Hill cid his work. The
name "Lopez fault" will be used here to refer to
whnat Hill called the Lopez feault west of Kagel
Canyon, and its northeastward extension into the
region of the headwaters of Limerock anu henr
Canyons; anda tihe nawe "Little Tujunga fault",
which was given by Miller (1928), will be used
for the eastwara extensicon of Hill's structure.

It might seem to be more desirable to give
new names to both of these. However, since Hill
has acopted the policy of using "type localities™
to describe and name his faults, the use of the
term "Lopez fault" for the fracture whose type
locality is that used by Hill, but whose course
appears to be different from that originally supposed
by him, appears to be Jjustified.

Northeast of Kagel Canyon the Lopez fault
can be traced for about 4000 feet where it separates
Saugus ana basement coumplex rocks, but beyond that
point it runs out between Saugus on both sides
and can no longer be seen. A secticn in the upper
part of Nehr Canycon snows that where tne break
would be expected there is instead a sharp and
steep monocline, showing that in the basement
rocks the Lopez fault persists. This monocline
does not extenu more than 200U feet ferther nortineast,
anu bsyona where 1ts projection wmeets the projection

of tne Nortn Fork fault theres is no evidence of
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either tne fola or the underlying shear. It may
not even reach this far, but the particular locality
where the projections of the two structures meet
is densely brush-covered, anda the author was unable
to measure accurate dips through here to determine
whether the monocline died out or is cut off by
tne cross structure. It is possible that tne North
Fork and Lopez faults are genetically connected,
in which case the Lopez would also be later than
the Buck Canyon fault.

West of Liwekiln Canyon the Lopez Iault
is not exposed. Large bodies of Lopez anu Kagel
aliuvium cover wost of the Limekiln Canyon area,
anu thie displacement presumebly dies out beneath
this cover or continues across Pacoima Creek uncer
the similar aliuvium on tne western side of tnis
stream.

A continucus section of Saugus 7640 feet
tnick is exposed south of the break. Under this
Saugus about 2500 feet of Pico is exposed, ana
o750 feet or Modelo. However, 7000 feet nortneast
of the north end of this section the Lopez fault
dies out in more Saugus sediments at the head of
Nehr Canyon. These sediments in turn lie directly
on basement complex without any Pico or Licdelo
sediments beneatn them. Some of the motion of
the Lopez fault east of Kagel Canyon may be taken

up on the Little Tujunga fault, but we must conclude
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that at least <500 feet of Pico and 3750 feet of
licdelo aia not lie across tne site of the fracture
wnen the Saugus was laid down. It is doubtful if
anytning like TOuu feet of Saugus ever were deposited
at its present site. Considering the suddemnness of
this disappearance of the two foruwations, cne is

led to wonaer if tine Lopez fault had not already
become active before Saugus time, at least along

its western ena.

The winimum possible tnrow on the Lopez
fault is of thne order of 50U feet, as tiis thickness
of Saugus is exposed where it projects into the
wonociine at the head of Nenhr Canyon. To this
shoula probably be addaea the heighit of the Lopez
block avove the fault's outcrop, an adaitionel
oUu to 90U feet. Fast of Kagel Canyon there appears
to be consicerable drag in the sediments under
the Little Tujunga fault, as evidencea by tie dips
of the underlying Saugus Iforuation. West of Kagel
Canyon there is no evidence of drag under the
Lopez fault except very near to that fracture.

Thus here, since in wany cases the beds dip down
at angies greater than the dip of the fault, we
might expect the displacement to be considerably
greater than to tine east.

Hill believed that some of these dips were
reversed, but an almost continuocus section of

Saugus sealments is exposed in the walis of Lopez
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Canyon frow the fault southr, and at no point did
tne autnor finu any eviuence of & reversal of

tiie oraer of the beas.

Little Tujunga fault.

Landsliding obscures much of the western
end of the Little Tujunga fault. Its westernuost
exposure is a small outcrop about 100U feet north
of the center of section 29, TSN, R14W. Here baseument
complexXx rocxks adjoin Saugus secliuments. The exposure
is too poor to telli the relationship, but 700 feet
to tne southeast the basement rocks lie unmmistakably
on top of the Saugus, so that here again we are
dealing witn a reverse faull or z thrust. Almost
in the center of section 29 is a hill couposed
of hignly iragmenteda aznda intensely Jjumbled basement
rocks. The southh face or this hill has been cut
away snowing a good cross section of the formations
(Figure 9, at tne end of tihe paper). The basement
rocks are alwost too Jjumbled together to be the
resuit of even an overthrust, anu the hill nasy
be the eroded rewnant of an ola lanasiide, or
ratner two old landslides, as a "faulit" crosses
its face showing tnat it has been createda by two
outthrustings of basement materizl. The hill is
two thirds surrounced by outcrops of Saugus sediments,
ana on the other sice by Kagel fanglomerates tnru

which at places more Saugus outcrops. Therefore,
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the hill is a true outlier either of a two part
overtnrust or lznaslide. Similer conditions persist
for about 5000 feet to the southeast along the mountain
front, three other outliers occﬁrring at the eastern
end of this stretch. The only place where the dip
of the fault can be accurately measured along here
is 1in Marek Canyon, and there it appears to be
zbout 49° to the north. Since lanusliiuing is couuson
ali zlong nere, it is impossible to say whether
this dip is typiecal, or whether the break tenas
to be much flatter, as is suggested by the sinuousity
of its surface trace.

Two thousand feet west of Little Tujunga
Creek it turns alwost a right angle ana runs northeastward
along the northwestern sice of Little Tujunga Canyon.
The dips here are uwoderate, 41° northeast being typical.
Thus here again tne fault is of @ reversed nature,
basement rocks as usuzl being raisead over Saugus.
1t can be traced northeastward to near tne juncture
of Buck ana Little Tujunga Creeks, where it strikes
out into the Saugus ana diseppears.

Between liarek and Little Tujunga Canyons
420U feet of Saugus are exposea south of the break.
In Little Tujunga Canyon only iCCU feet of Saugus
lie exposea soutneast of it. Thus as in the case
of the Lopez fault, as we proceed east and north
along the fracture, the Saugus section appears

to decrease. Some of this motion mey be taken
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up on tne Sunlana fzult even farther to the east.
The rapia disappearance of the shearing where
tne trace enters tie Saugus suggests tiat its
woveument has becom: smail here.

The relative ages of the Little Tujunga
anG Lopez faults are uncertzin. The former's strike
1s teruinatea by what is here cailea the Lopez
fault, but it may instead join tuis structurs,
in which case tihe two are contemporanecus for

at least part of their movewent.

Sunlanua fault.

The Sunland feult is nowhnere well exposed
in tihe area mappea. Hill measured a dip of 45° northeast
in the southeastern ccorner of the southwest half of
section &4, TSN, R14W. The writer's best measurement
was a very rough 53° -east at a point 3000 feet
nortn of nere. The course of ths break is easily
traccd along the eastern siue of the Little Tujunga
Valiey by tne prouminent scarp. At one place it
intersects a swmell cross fault, which appears to
be older tuen tie main fracture. The plane of
motion of this cross fault was never founa, but
liodelo beds clearly strike 1nto baseuwent rocks
across a small canyon east of what is calleu Herrere'!s
ranch on thne map. The Sunlana fault separates
Saugus sediments from basement complex and overlying

koaelo. Cakeshotte believes that the Suniand fault
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ales out before resciring tne wouth of Go.d CGreek.
On page 26-207 he states (1887):

"Widening of tune Little Tujuwiga roaa, where

tie contact crosses tune road, perfectly expouses
Saugus beds dipping inconformably to the southwest
off Rubio dicrite gneiss at an angle of about
25°. Three hunarea feet east of that point

a silmlilar contact 1s found ana 1&00 fect farther
east anotner exposure shows Saugus beas lying
uncenformably on the granodiorite ana dipping
40° toward the southwest. Thus direct evidence
of tihe most convincing kina snows tiat the
Suniand feult dies out about 200U feet soutiieast
o Little Tujunga Canyvon."

There 1is 1o aoubt avout the correctness
of his observations in tae Little Tujunga road
cut. However, 200 fe=t southiwest of tals sedimentary
contact is a disturbed zone within the Saugus.
A series of rather winor looxing brezks in the
Saugus actually represent aitcgether an unknown
but considerable displacecuwent, ana thie suauen
change in aip at tihis point from 27° to 71° soutuwest
suggests that the underlying basement has beesn
cconsiaerably displaced. A large cut benk foruec
by Gold Creek 1800 feet east of this point is
shown in plate XIIA of Kew'!s report (1924, facing
p.10l), anu is used by him to illustrate the Sierra
waare fauit. Wash of wazterial from above has obscured
tlie relaticnships of the rocks in this exposure
sc tnat tine autinor was unable to determine whetier
tiere really is a fault here or not. However, tne
disturbed nature of tne Saugus beauing suggests
trat the contact is not the siumple sedimentary

one suggesteu by Cakeshiotte. On the basis of tiils
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eviaence tne writer is ccnvinced that the Sunland
fault continues to thie west of Little Tujunga
Canyon. Milier (1854, p.8l) is of toe swme cpinion,
The break is last cobserveu 1loUU feet east of tae
Little Tujunga fault. which does not a pear to
be ofiset by tue Suniand. Therefore, it appears
probable that tane Sunlana fault is older taan une
Lictie Tujunga, unless the former dies out rather
rapidly west of Little Tujunga Cenyon. The Sunland
fauit has been traced by Hill east to Big Tujuuga
Carnyon.

In sectiun P-Q scutiwest of the Sunlanad
fault there are shown 2150 feet of Saugus, 2500
feet of Pico, ana &750 feet of Modelo, Northeast
of the shear this is reduced to at most 150 feet
of kodelo. The maximum possible throw would therefore
appear to be in excess of 8200 feet. However, it
has already been pointed out that the section
must be thinning in this direction, as the Pico
ana Modelo are botn completeliy missing 4500 feet
to the nortawest, where Saugus lies directly on
tne basement. Nor is the elevation of t:ie fault
block any measure of its displacement, for the
present dip of the liodelo on its soutiwestern

O southwest on the average) suggests that

edge (o0
the block may have been largely raised by bowing
ratier than fzulting. The only certain throw is

tiuerefore represented by the thickness of the
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150 feet of uodelo dipping off the block. Since

the outecrop of the fault is very irreguiar, we

can conclude tinat the motion was largely or entireliy
aip-slip. This cirection is cowwon to all the
members of the Sierra bMadre system in the area

maypea as fzr as could be dstermined.

Merrick Syncline.

Scutn of the Little Tujunga and Sunlana
faults is a well developed syncline plunging northwest.
Hill has named tnis the lerrick syncline. He believed
that he was able to trace this structure as far
west as Pacoima Canyon, but the writer found no
traces of it west of the north ena of liarek Canyon.
On Hili's map the nortiaern end of the syncliine
is snown as reccumbent west of Karek Canyon; but
tne autnor found no region thru which the dips
reversed, nor any evidence for believing that
tnie section was upside down. Near the northern ena
of larek Canyon thnere are a few places where tue
beds probably are overturned, but these dips are
rare. The kerrick syncline appears to strike under
the outlier of basement rocks near the center of
section <9, T3N, R14W, on the eastern side of
Kagel Canyon. Hill has inaicated tihat 1t extends
for some aistance east of the area mepped by this
survey. However, it is difficult to trace it more

tnan 1500 feet soutneast of Little Tujunga Canyon,
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AnG it 1s more likely that what Hill believed to be
one structure actually is & series of folds, possibly
ccuplicated by unuiscovered faults. The irregular
pattern of the dips in the Marek Canyon regicn
strongly suggests that some undiscoverea adaitional
structural feature, such as a fault, recmains to be
found there. Since the Saugus consists of massive
beds it is difficult or impossible to prove whether
the secticn 1s right sice up or inverted. In determining
what its probable attituae is, which position

gives the most likely or simplest structural picture
is often tine only usable criterion.

Near its northwestern end especially this
fola appears to be very sharp. In a rough way 1ts
course is parallel to the Sierra Madre feault. It
is possible that it is simply a huge drag fold
or group of drag folds beneath the south thrusting
wass of the Little Tujunge ana Sunland blocks.
However, it is questiocnable whether tuere ever was
enough motion on either of these two fractures
to drag over so large a structure as the lierrick
synciine. 1t is more likely that it represents
a yielaing to the same forces wnich caused these
fractures. In the besement beneatn the folu there
way be another fault like the others in the Sierra
Madre system. Such a break, if it exists, umust
join the Lopez fault about where the Little Tujunga

fault also joins it. From the steepness of the
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dips in the seciments we can guess that this shear
would also be & reversed fault. The syncl.ine erosses
Little Tujunga Vailey where there appears to be

less tarusting tanan to tne east or west, anc the
forces may be absorbeda here by the folding. On

the other huna, tiils does not explain the prominence

of the fola east ol thne area mapped.

A Tujunga fault?

Soutii of tne Sierra Madre fault system
tnhere 1is exposed a continuous section of Saugus,
Pico and Modelo rocks, enaing finelly at the edge
of Big Tugunga Valley, which is flanked by alluvium
coated slopes thru which project what lithologically
resemble Modelo beds. Soutir of Big Tujunga wash
lie wmore Moaelo beds, mocercateiy folded. The edge
of tne hills north of the stream where the aliuvium
laps up against tne older sedimentary rocks is
reuwzrkably straignt. Miller (1926) and Hill (1950)
have suggested that thiis mey indicate that a fault
exists somewhere in Big Tujunga Velley. However,
tiis is vague evidence, inaicating only that a
fauit is likely. The similarity of the rocks on
either siae of Big Tujunga Creek would suggest
tnat such a fault can not have a lerge throw if
it does exist. Hill believed thet he had a possible
correlation of beds across Big Tujunge Canyvon,

but tae folded nature of the beds scouth of tne
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canyon greatly weakens tne argument tiat the relastive
aisplacement of sucn a stratum is likely to be

the result of faulting. Because of the lack of
positive evidence for its existence, no fault

has been indicated on the map or sections.

Kagel fault.

Soutn of tne Sierra licdre faults tuaere
are numerous small breaks, only cne of waich is
large enough to require detalled aiscussion. This
structure, namea the Kagel fault by Hilli, is best
exposed on the soutawestern sice of a small sauule
on the western side of Bartnolomaus Canyon, nortn
of the hiil warkea "167bM", It is a steep reversed
iault, liodelo being raised against ana over Pico
sediments, with an estimated dip of 60°. Hill,
on the other hand, measured a nortuward dip of 7¢°
east of Kagel Canyon, which would indicate a steep
normal fault. Hill believes that there is scme
strike-siip moticon, the north sice having moved
southwest (1930, p.l52), but tne present writer
found no eviaence bearing on possible horizontal
wmovewent. The displaceument appeers to die out
soumewhere between Kagel and Little Tujunga Canyons.

Where the Kagel fault crosses the ridge
Jjust west of Kagel Canyon it cuts off a secouna
fault on which the airection of motion appears

to be normsl. This fracture we shall calli the
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Wildwooa fault. It dips to tire north. It or a
siwmlliar structure continues for at least 2500 feet
east of Little Tujunga Canyon.

Where the Kagel and Wilawooa faults join
thie relaticns are very dirfficuit to deteruine. The
exposea rocks consist of shales, sandstones, anc
conglomerates of the liodelo and Pico formations
wnicn can not be distinguished withh certainty
solely on lithologie grounds. At lsast three prominent
basal conglomerates are involved. The distribution
of rocks is such that it is zliuwost certain that
there must be at lieast one wore fault, thoug: this
was never founda in the fiela. In oraer to explain
tne presence, between the Wilawoca and Kagel faulis,
of a weage of conglomerate which appears to correlate
witihh tne basal Pico, a sma.li cross fault terminated
by botn tue Kagel ana Wilawocad faults has bzen
assumed. The aspect of this fracture is unknown,
but tne weage betwcen tne taree breaks appears to
be dropped with respect to the territory to tne
east. The estimated throw of this swall fracture
is 40U Teet. On the Kagel fzult tne stratigrapnic
throw ap.ears to obe about TUU feet as measured
in section A-B. The stratigraphic throw of the
Wildwood fault is about the thickness of the Modelo
above the mappea conglomerate marker, which can
be seen to e about 50U feet Jjust west of Bartholomaus

Canyon where these rocks are best exposed.
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The amounts of these displaceuments are made
dirficult to estimate by tne presence of a clearly
aeveloped syncline ana asnticline, which are well
exposed in tine ¢liris on tiie western siae of Kagel
Canyon. It is likely tnat tiie folds are genetically
related to the faults. They eappear to be liwmited
to the region Jjust soutir of the intersection of
tine Kagel and Wildwood faults. The latter terwinates
tue folaing on the northeast, thie corresponding beds
beyona the break being relatively undisturbed
except for drag adjacent to the Kagel fault. To
tne west tne folds are again cut off, thnis tiue
by the Kagel fault. It is as taough forces from
the north had triea to squeeze more uwaterial into
the region underlying lower Kagel and Bartholomaus
Canyons than was possible, anc tine strata had as
a result welled up along tne hagel fault, with
compressicn and resultant folding in the upraised

wedge.

Interrelations of the faults.

Chart III is a sketch map showing in cutline
tie larger structures in tae area mapped. These
fall into turee groups, the San Gabriel fault system,
the Sierra Madre fault systew, anc the group of
folds ana associatea faults, lergely but not always
normal, and witn tne northern block usually dropped,

in the soutaern part of the mapped area. The Kagel

'
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Tfault is the largest of this group and the oniy
one wnicnh indicates com;ressicn, thiougn the presence
of' foluing would lesu us to expect largely this
type of adjustment. Transuission of scume of tne
turusting forces which caused the larger deformations
to tue north into the Kagel Canyon region could
easily account for tne Kagel feult and resulting
folds. The magnitudes of the strains which tock
place in the northern part of the area make it
almost inevitable that some stresses must have
spreaa to the acjoining part of the region to the
south, though the presence of botn tensional and
coupressicnal features 1s ratner difficuit to expiain.
The problew of thie relations between the
two nortnern groups of faults is one which has
until now not been satisfactorily answered. These
nortnern groups have one tiiing in comuwon, the
nortiern blocks were all raised. The principal
dirference between the two is that the umewbers
of tne nortinern group seem to be steeper in dip
than thnose of tae soutnern. Section C-D indicates
tnat the two sets of fault planes converge at depta.
This convergence may be in part the bias of the
- author, but it represents a sincere eifort to
project tne surface data into a logical subsurface
pilcture. If it is a true picture, tnen it may be
tnat the San Gabriel and Sierra liaare faults are

simply different expressicns of the same feature,
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steep fault planes where the shear has taken place

in the basement, and low angle reversed faults

where the planes lie between sediments on the

one siae ana basement on the other. Accordang to

tnis tneory tie low angle of the fault planes,

which at places may even be reversed, 1s a resulit of

taoe Tailure of the sediments to support the weight

of the overlying blocks of hezvy basement rocks.,

This picture works out very nicely for Iractures

such as the Little Tujunga fault, winich at its

-roots, acccrding to this tneory, might be very similar

to the neighboring Watt fault. However, for the

tinin wedges of tiie Buck Canyon fault block ana the

eastern part of the Lopez fault block, which rest

on only a thin layer of seaiments, sucih a theory

seems unsatisfactory. Also, if the faults aia

flatten by shoving aside the unaerlying sediwents

by motion essentially perpendicular to the fauit

planes, then one would expect to encounter a wmuch

more complexly distortea series of strata jiuuwediately

peneath the break than the single simple fold, and

even that not universally present, that we do find.
tMiller (1934, p.77-82) had z similar idea

to tais. He suggested that the fzults steepened,

then reversed in direction of caip with depth,

timus having their origins in desp seated normel

faults. The tainness of the weages zrgues against

this theory as applied to the Little Tujunga regiou.
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It is difficult to believe that sucih long narrow
slices as are exnibited in sesction C-D could mzintain
their identity to such great caepths as are requirea
by lailler's tneory.

It has also been suggested that trne thrust
weages were the result of forces acting perpenuicular
to the San Gabriel fault zone as a result of the
pinching of wedges of rock arcpped into the fault
zone when openings developed tewporarily clong
its length. In principle this theoly appears very
gooa, but when one considers tne magnitude of tiae
thrusting involved, the theory aoes not seem gquantitatively
adequate to account for the observations.

It is also possible tnat the forces causing
the thrusting originated nortn of the San Gabriel
fault, but it is inconceivable taat such forces
can have produced the complicateu pattern of the
Sierra Madre fault zone without uisturbing the
simple pattern of the San Gabriel zone, unless the
wotion on the latter is later than the Sierra
Maare aelormation. Ana elsewhere evidence was
given tnat the presence of lMartinez sediments
in a wedge in the San Gabriel zone indicated that
the San Gabriel fault has been in wmotion since
at least kiocene time, whereas tie motion of the
Sierra kiadre systew must have been post-Pico.

Another possible explenetion for the thrusting

is that the wecges were chipped oIl the edge of



a feult block as it tilted sharply to the north.

To see how tne present structure mignt be developed
accoraing to this theory, i.et us go back to the

time of deposition of the HModelo, and watcn tae region
undergo a nistory wnicn appears to satisfy the requirements
of the geologic record, ana in most of its events

tu be requirec by it.

In tihe Upper Lilocene the reglion uwust have
been submerged by tne ocean, at least in large part,
in order for the kiouelo formztion to be deposited.
Tnis is the end of a relatively quiet perioa of
deposition. A few interbedded conglomerates show‘
tuat rejuvenations of the source lana of the seciments
aave occurred. The probable source oi suci sediments
was to tne north, ana so we can picture the region
as in section I of chart I, all submerged, and
with the seaward end of the wedge of deposits
the thicker. It is not necessary to assuue that
the section tnickens to the soutn, since, in the
stage which followed the liouelo, erosion took place,
ana wost of the sedlments were removed; so the
tiiick section at the souti ena could be merely
tone result of such erosion.

For tnis to have happeneu, the section
must have been raised above the sea. We shall
assuae that this was accomplishea by the rising
of a land mass in the northern part of the area

wnich concerns us, anc to the north of there.
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The scuthern part of the area remained submerged.
The Modelc beds were worn off the lanu wass in the
Lower Pliocene, and together with other detritus
from the new land were depositea in what was left
of the sea as the Pico, as shown in section II of
chart I..

At first thne rise was slow anu intermittent,
as proveud by tihe sequences of conglomerate ana shale
in the Pico formation; but as time passed the orogeny
increased in intensity, and the sea filled. A huge
fan covered the new mcuntain front, the Saugus
formation of our sedimentary section. Eventually
the stress in the earth's crust bLecawe so great
that it cracked. The most natural place for 1it to
crack was along some old zone of weakness, which
in this case was represented by the San Gabriel
fault, as shown in section II1I.

Up to this time the wacle scuthern part
of the area had been carried up by tne rising
of the lana to the nortun. When the fault broke,
tnis block became unsuprorted. It fell back eitier
under its own weight, or because for some reason
it was forced cown. Let us now suppose that the
forces wnich acted upon it rotated it in a counterclockwise
direction as we look at it from the west. This could
result simply Ifrom the foundering of the block,
or from the block being turned between the fault

shown ana anotner steep fault to the south. Section IV
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shows what it woula look like if the block or simply
its nortunern ena rotated without changing in shape
as it turnea.

If this were to ceccur, a large gap woula
oren up along tne fauit. Since tndis 1s lmpoussible
tne corner of tae block adjoining the fault must
yiela in some fashion. Where the rocks are brittle
tuney will become faulted. Where they are pliable,
folding wiili result with probably socme seconaary
fauiting. The result might closely resewble what
is snown in section V. This is simply a scale
reduction of section C-D teken across tne Little
Tujunga region.

To see more clearly how tnls tneory of the
origin of thne observed structures was developed,
let us reverse tne process. We start with section
C-D reduced to section V of cnezrt I, whicn is
reproduced again as section 1 of chart II. Let
us assuwke that the awount of tilting involved
is 45°, First we draw a line tengent to tihe Saugus-
Pico contact and at 45° to tie San Gabriel fault.
Using tne intersection of tuis line and the section
line of the fault as a pivot we turn the assuued
line anu the section in wihieh it is located until
it is perpendicular to the fault. Next we slide
successive parts of the secticn back until their
points are against the fault as shown in section

II of chart II. This leaves some big gaps along
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thhe fault and tears the sedimentary section to
pleces. In secticon III tnese inconsistencies have
been swootiied out by flexing the sediments until
tnelr relstive parts aajoin, ana omitting the
gaps aiong tne fault which presumably are kept
closed by crushing of tinie rocks closest to the
fault. Section I1I of chert II is pleinly the same
as section IV of chart I would bz if some of the
material were ercded from the top of the blocks.
Sections I1I, I1 ana I of cnart I were sketched
in rougnly starting with IV and working successively
to 1.

It is not necessary to tue theory that
tne wnole rfault plock tilt, only tnat the end
aajoining the San Gabriel fault bena down. Sone
of the normal faults in tae soutuern part of tue
area mapped may have resultea from cracking due
to tine stretching oi its surface as its north
edge sank. Scouth of tiic section snown tine rocks
must continue to vield in some fashion. It is
likely tnat in the baseuent tnere are wmore faults
wnich are not shown at the surface, the motion being
absorbed by folding in the sediments. At some
deptn the basement rocks wust become plastic enough
to agjust witnout fracture, anu hence no matter
now large tine block tiited, there is & distance
from tine border of tne blqck beyond which no edge

efrfects couplicate the structure.
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The fact that this sequence fits all the
observatiinal data is no proof of 1ts correctness,
Tne autaor oifers it only as an hypotnesis for
furt:.er investigatiovn. Exawinaticn of thie areas
lugedlately east and west of the one mappea shoulu
help to prove or disprove its valiaity. The sketches
presenteu here oIfer anotiier, anc pernaps & sipler
explanation of tie observeu phenomena than any

presenteu previousdiy.

Helations to tiie fauits to the west.

At the beginning of tinis paper it was suggested
tnat tae Sierra Maare fault was the eastward continuation
of tne Santa Susanna fault. Kew (1924, p.lOu-1ul)
hela tnis view. On his map tihie two structures are
shown as being continuous except for porticns
buriea by alluviuw. However, tne general trend
of tne Sierra Madre fault is wore continuous with
tne Pico anticliine tuan tne Santa Susalne fault.

It wey be tiat in tiae basement tne Santa Susanna

is not a single bresk, but is a group of fractures

Just as the Sierra Madre is, ana that lae Pico enticline
is tu:z surface expression of ons of these,

The Santa Susanna fault outerops along
a very irregular line. At shallow deptnh it appears
to be a low angle thrust, but at tne greatest
aeptns where it has been cbserved in oil wells

it has becowe a steep reversed fault (Hazzard, 1944).
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The rocks above ana below tie break are Tertiary
sediuents, woderately folded. The structural pattern
is & type generaily thought to be the result of
horizontal compression.

The Sierra leurz= fault i1s a group of cracks
heving ro.galy the sale general trend. Near tne
surface taey too avpear to be of a thrust nature,
becoming steep revarsea faults at greater depths.
The raised blocks in tals case consist largely
of baseumicut rocks, whereas thie dropped ones more
comsonly consist of late Tertiery seaiments at
tiie surface. According to the theory presented
above, these structures are an eage efrect of the
tilting of a large block of the earth's crust.

The principal forces involved were acting priwmarily
vertically, the compressive forces being secondary.

If this theory is incorrect, ana large
scale compressive forces were responsible for
tiie Sierra Madre faults, tuen they are very probably
closely relateda to the other structure. However,
it is difficult to see how regional compression
can have acted in this district and left the San
Gabriel fault just to the north as an almost straight
frecture both east and west of the area mapped.

On tne other hana, if the Santa Susanna fault
is primarily the result of vertiecal forces, and
tire thrusting is some sort of surface effect due

to lack of support of the raisea block, then again
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tie two fractures may be genetically related.

liore knowledge of the nature of the disturbing
forces is required to decide wihether tihese two
breaks are realiy one. Both vertical and horizontal
forces were active in each case; the differences
in the two structures are merely the efiect of which
direction of stress was predominant, and of the

differences in the types of rocks invoived.

Pre-Tertiary structurzli trend.

" Before leaving the subject of structural
geology it should be menticnea that the present
structural trenc of the San Geabriel and Sierra
liadre fault systems 1is not & new cne. As pointed
out by Miller (1934, p.57), the foliation of the
metamorphic rocks anda the trend of tihe elongate
ignecous intrusicns is roughly tiaat of the main
faults ana of tne range as a whole. Although considerable
local variation was observed, the strike of tne
forietion throughout tihe area mapped soutih of the
San Gabriel fault was rougiily nortinwest-soutaneast.
Nortia of tne San Gabriel fault this trend is less
apparent, possibly because tiie rocks tiere are
largely igneous and the foliation is less well

ceveloped.



V. GECLCGIC HISTORY.

In aiscussing the geologiec history of a
region as small as tnat mapped for this report,
it is necessary to choose between discussing only
tne limitea part of the sequence of events tuat
are 1liustrated in the exposea rocks that have
been mapped, as ageinst drawing on nearby areas
to fill in the gaps. As the distance from tne wapped
arca to tne source of tnis aauitional data increases,
tihere 1is increasing danger tnat the tvwo regions
underwent different histories, at least during
part of the time., In a district such as the Little
Tujunga region, where it ié known that the area
lies on the voraer of a basin, probably including
areas where both deposition ana erosion were active
at the same time, it is particularly dangerous
to make inferences on the basis of evidence frou
otner locaticns.

The discussion which follows, therefore,
has been lamited to tirnose conciusions tuat can be
drawn frow observations made witain tiie mappea
area, ana in inwedliately aajoining areas tuat
were visited while tThe wain part of the survey was
being wade, ana which are known from the continuity
ol the structures to have had essentially the same
nistory as the mappea region. This limitation
of tine daiscussicn makes thne g-ologic history very

incompliete. Information on the events during tiese
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owitted intervals can be cbtalneu in welly cases

from reports on other regicns at nc great distance.
Miller's (lud4) and QOakeshotte's (1lus7) papers

give much information on the gre-Cretaceous history,
and tie voluminous literature on the Los Angeles
basin and ad,oining areas, such as Lew's (1luk4),
Hoot's (1u3l) and English's (ludo) papers, cover

tne Cretaceous to Recent history.

In the Little Tujunge region the claest
recorded event is tiie deposition of the Placerita
strata. These range in composition frow liumestone
taru sandstone, now marble ana quartzite. Theilr
large guantity ana widespreac distribution inaicate
tnat at the time of their accuwulation the region
was a part of a large depositiovnal basin, presumably
marine. Although otaer autunors heve attemptea to
guess the age of this forwmation, no direct evidence
of thils has been found, except tnat it is earlier
tnan the formations described below.

The Placerita was intruded by & succession
of ignecus rocks ranging from granite to gabbro.

No attewpt was wade to distinguish between tiese
different intrusives, nor toc determine tneir releative
ages. The BEcho granite, one meuber of this sequence,
is intimately injected lit-par-lit intoc the Placerita
seaiments. Probably either during or before the

time of this intrusion the Placerita sediments

were intensely metamorphosed, tiie limestones becowlng
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maroles; tihne shales, schists; ana the sandstones,
quartzites. Nothing is known of the true age of
any of these rocks, except that they are older
t.iian the oldest sediments found lying on them.
Following tire metamorphism and intrusions
of these old rocks the region very probably underwent
& perioa of erosion, though no traces of such
an erosicnal surface remain exposed. The olaest
unumetamorphosea seaiments known are a few isolated
outcrops of shale, siitstone, sandstone ana conglowerate,
coupletely surroundea by faults. Since they are
not metaworphosea, tuey ere presumably younger
than the much alterea Placerita sediments, but there
is no evidence in the Little Tujunga region tco
prove tuat they are not older than at least soue
of the intrusives. However, since tiaey are nowhere
cut by any of these ola intrusives, tnis is unlikely.
Clements ana Oakeshotte (1934) have shown that
these deposits are of Lower Eocene (uartinez) age.
The presence of shale anu siltstone in this formation
suggests tnat the region was widely inundatec
by the sea, but it is not possible to tell whether
tne exposed deposits represent a large or small
part of the section that was aepositea auring this
submergence.
Following tihie depousition of the iartinez
beds, the region must have undergone a period

of ercsion, ana probably emergence, auring which
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almost all of the Martinez formaticn was removed.
It is likely that movement on the San Gabriel
fault haa begun by tois time. All the discovered
cuterops of Martinez are on fault weduges within
the zcone of this fault, ana it seems unlikely
tinet these aeposits woula nave besn preserveg
when no otlier exposures of this formation repsinp
unless they had alreauy been lowered out of regeh
of erosion before tne ena of tne post-lartinez
interval of degracation.

The post-liartinez erosicn surface is exposed
alorng tine soutinwestern side of the Sunlang fzult
biock. Here it appears to be & nearly flat plane,
which nas since been sharply tilted. On it zpe
deposited evenly-bedded silty sanustones containing
marine fossils. These fossils are of Upper Liccene
age, showing tuoat by the ena of that epoeh the
region naa agaln been submerged in the seg, Deposits
beiievea to be of the same age, Unknown thousands
of feet thick, are exposeu ail aliong the southern
edge of the area mapped. Since shale is the predominant
sediment, an extensive, quiet sea may be postulated.

Toward the end of thils per.oG deposition
became more irreguiar. A prominent marker ped
of conglomerate indicates that high land was exposed
nearby. Although none are exposed in the gpeg
mappea, iumeaiately to the east tnere are basalt

flows which are generally believed To have been
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extruded during the period of deposition of tne
wotelo formation.

rodilowing the lodelo ceposition there
was a period of emergence of unknown duraticn
representcd by a disconformity. During tihis tiume
a luanu mass began to rise in the northern ena of
tne area, ana any hMoaelo tiat may have been depousited
there was removed. This lanc mass persistea into
tne Pliccene, ana was probably the source of tne Pico
seaiments, which overly the Modelo with little or
no angular unconformity in the mapped area, though
to tiie south the lModelo was generally more disturbed.
At least taree basal conglomerates in tne Pico,
each grading upwara into finer sediments, indicate
tuat tne land mass was rising at an irregular
rate. The nortiiern eage of tine Pico sea must have
lain close to t:ie present southern eage of ihe
Sierra Madre fault zone, for nc Pico sediuents
occur north of tnis line. Since & largs part of the
Pico consists of coarse, unsorted, conglomerate,
composed of fragments of the typss of rocks making
up the bzsement complsex in the nortnern part of
the region, it is likely tnat a part of these
seaiments came from tihiere. Indeed, activity on
the San Gabriel fault may have been responsible for
much or gll of thne rise of the land wmass frow which
tiese seaiments came.

The Pico grades continuously from a marine
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into a terrestrial fucies. A huge alluvial deposit
was built up ggainst tihne mountain front in the
central part of tne area, and extendea at least
as far as tne present trace of the San Ggbriel
fault. Over 76UU feet of Dbeds of tnis fanglomerate
are exposed. If one attempts te draw a secticn
across tne area, kKeeping an even tnickness orf
t.is rformation, tue Saugus, it is aifficult or
impossible to obtain a physically likely picture.
Therefore, it is probable that there is rapid
onlap of this fan on a steep mountainside.

The top of the Saugus is nowhere exposed.
The diastrophism which built the mountain front
against which tinie Saugus was deposited culminated
at the ena of tnis stage of ceposition. Large
wovements occurrea on botih the San Gabriel ana
Sierra Madre fault systems. The time of these
movements was probably either late Pliocene or
Pleistocene. There is no eviuence of recent motion
on any of these faults in the mappeu area, tnough
Hili (1900, p.l54) discovered éome offset of recent
alluvial fans to tue west.

Foliowing tne post-Saugus orogeny, which
formed the present San Gabriel mountains, ercsion
set in and developed a drainage pattern essentially
tie sauwe as tnat wnicu exists today. The region
south of the Sierra liadre fault zone was largely

covered by a huge aliuvial fan, inaicating a considerauvle
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perioa of erosion. Rejuvenation allowea this fan
to be almost coumpletely removed, and the present
Grainage pattern soutih of tihe Sierra ladre fault
is probeably subsequent to tihe fan. This rejuvenation
has not taken place all at once. Many of the canyons
became localiy chokea with ailuvium, whicn may mean
tnat the rejuvenation reversed itself on occasions,
or it may mean tanat tne lanc mass to the nortn was
still rising intermittently, from time to time
increasing tne supply of sediments faster than
the streams could carry tiien away aeross tine foothills.
In any case many of the streams were temporarily
choked with sediments, possibly nct all at the
saume time. These alluvial bodies are left as terraces
or partly removed ana intrenchea valiley fiils.

The present cycle is cone of erosion throughout
most of the area, taough aiong the soutnern eage
material is being carried Gown and at places probably
deposited on thne aliuvial fans in Tujuunge Canyon.
Pacoima Creek 1s depositing material beinina Pzcoima
Dam which previcus to thie dam's construction was
accuuulating along the edge of San Fernando Valley
imuwediately aqjoining the area mapped. Siwmiler
conditions exist in Big Tujungs Valley. Little
Tujunga Creek, thougn the local base level of erosion
app=ars to be reaching up into the canyon, has a
very shallow fill of alluvium, anc wost or all of

it probably moves in the largest storums.
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VI. CONCLUSIONS.

In the introductory part of this dissertation
it was statea Tuaat the purpose of the survey was to
aeteruine whether a very detailed study of a region
such as tne Little Tujunga area, which had previcusly
been mapped by several competent observers, would
reveal features of significance not previocusly
deseribed, and to try to find out more about tne
relationships between tine San Gabriel and Sierra
Madre-Santa Susanna-San Cayetano fault systems.

From ccuparison of the previously made
maps of the area anu ihat accompanying tals report,
it can be seen tnat tuae present survey has uncovered
no important errors or omissions in the previous
work, but tiat numerocus detailed corrections and
aaaitions have been made. The faults can be traced
in greater detail on the larger scale map that
has been made, anu much new information has been
secured concerning their true nature. Faults which
at deptih appear to become steep reversed faults
are sinown to be near the surface more often low
angle, or even overturned, tnrusts. Much of the
detail is seen to be confused by lenasliding,
some of which 1is very reccnt, and some many years
ola., Such lanasliuing is prevalent along all branches
of the Sierra Madre fault, ana also along steep
siopes in tne sedluments to tne soutn.

Branches of tue Sierra lisdre fault are
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never seen to ,oin the San Gabriel fault, which
forms tine nortnern ecgs of the tilited block in
wnicn tie Sierra madre faults occur. The suggestion
nas been made that tune Sierra ladre faults may
not be genetically closely related to the Santa
Susanna and San Cayetano faults, and triat the
apparent linear continuity of these structures
way be entirely a coincidence. A theory of tine
origin of tne Sierra Madre faulits nas been offered
whereln tney are belilevea to be the result of
fracture of the nortiiern eage of a fault block
tilteu against the main mass of the crystalline
core of thne San Gabriel kMountains.

The probiew of the relations between the
San Gabriel anc Sierra Madre faults is really
too big a provlew to be solvea by the examination
of so small a region. The speculations presented
here would receive much support if siwilar conditions
were found to preveil at other places alcng tne
San Gabriel fault. The zmount of detall of tne
fauiting and generally related folding revealed
by a survey of such great detail as tiils one umey
serve as a stimulus to others to examine the adjoining
regions with equal care. Sufficient work of this
nature should show wnether the theory presented
above is valia, ana even if it is not, such work
would be bounu to increase our unaerstanaing of

tnese two probably related fault systems.
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‘igure 4., Lopez alluvium overlying the Saugus formation,
exposea in cliffs on the east side of Marek
Canyon. Deposits consist of upper, dark
colorea ana lower, lignt colored gravels.

i

'igure 5, Kagel fanglomerate lying on Saugus deposits,

exposed in a road cut on the west siae of
Little Tujunga Canyon.
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Figure o. View looking west across secticns 21 ana 22,
T3N, R14W. The terraces are underlain by
Beehive Mesa deposits. The De Mille and
Dillon faults cross the indicated saddles.

Figure 7. The Watt fault in a2 stream bank 1000 feet
east of the border of the area shovm on the
geologic map. Martinez 1is ralsed over Saugus.
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Figure 8. The Buck Canyon fault zone just west of
where the North Fork fault offsets it.

Figure 9. Overthrust or landslide? The south side of
the outlier of basement complex lying
between Kaegel ana Marek Camnyons.
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SUPPLEMENT .,

Fossil identifications.

Dr. W. P. Popenoe of the Department of
Geolcgy of the University of Czliforniz at ILos
Angeles has very kindly examined the fossils collected
by the autior in the Little Tujunga region. Unfortunately,
his icaentifications were not receivea in time to
inciuce them in the wain part of the text of this
dissertation. A summary of his findings follows:
Locaiity #1. Hillisiue overlocking Little Tuj unga
Canyon from the east gbout 1000 feet soutn of
tne macvped Saugus-Pico contact.
Dosinia ? sp. indeteruwinatey
Turritella sp. indet.

Pecten sp. c¢f. P. healeyi Arnolu
Probable ege, Pliccene.

Localities 44, 45, anu 50. Three localities

Witaln a few hunarea feet of each otiher in the
wedge of presumea Mcaelo lying on the southwestern
eage of the Sunland fault block.

Dosinia sp. indet.

Nuculana sp. indet.

Pecten ci'. P. andersoni

Chione ? sp.

Cstrea sp. (large thick-shellea form)
"Cardium! sp.

Age, most probably Upper liocene,

Locality 33. Cliff on the east side of Bartnolomsaus
Canyon about 1luU feet south of tne mapped Saugus-
Pico contact.

Polinices Sp.
Cnione sp. cf. C. fernanuoensis FEngiish
Tucina acutilineata (Conrad)
Pecten sp. indeterminate
Tropiosycon ocoyana? variety

Age, probably Lower Pliocene, app
to Englisn's Elsmere Canyon fa unma ,

roximztely equal
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Thoughn the poor preservation of these fossils
iwlakes it impossible to give accurate, certain age
determinaticns, wnat data is available agrees with
tne conclusions of Hill (1960) anu Kew (1824) which

wers alscussec in the mein paert of the text,



