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INTRODUCTION

Previous Geological Investigabtions.

The first work published on the Santa Susana Mountbains
was contributed by G. H. BEldridge and Ralph Arnold of the
United States Geological Survey, who in their report, "The Santa
" Clars Valley, P§ente Eills, and Los Angeles Districts, Southern
California”, (1) discussed the oil possibilities of this region.
(L) Ue S. Geols Survey Bulletin 309, 190%
In 1916 the United States Geological Survey published the report
of W S¢ Wo Kew on the "Strueture and 0il Resources of the Simi
Valley, Southern Californis”, (2) Kew's report covers an area,
T2) Ue S. GEOL. Survey BULLEGIN BIL-l, DDe B00-30D, 1016 ‘
the eastern part of which ineludes a portion of the western part
of the area to be described. In 1924, Kew's nuch larger work
entitled "Geology and 01l Resources of a Part of Los Angeles and
. Ventura Counties, California” (5szas published. This report
{3} Ue Se Geol. Survey Bulletin 753, 1924
covers a large area and includes the entire Sante Susana
Mountains. However, as this mepping was on the scale of one
ineh to the mile, detailed mapping was not possible. In 19230
We P. Woodring published a short paper entitled, K "Pliocene
Deposits North of the Simi Valley, Galifornia",(4) Woodring's
{4} Calif, Acad. Sci. Proc., Vol., 19, Ho. 6, pp. 57-64
paper deals with the region west of that mapped by the writer
end describes & Pliocene faune similar to that collected in the
Aliso and Browns Canyons area.
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Location and Accessibility of the Area.

The area discussed in this report lies on the southern
slope of the Santa Susana Mountains in the mountainous region
north of the town of Chatsworth. Chatsworth is located in the
northwest corner of the San Fernando Valley, Los Angeles County,



California. The area includes approximately the southeastern
guarter of the Llajas quadrangle and the southwest quarter of
the Newhall quadrangle. It is about four miles long and two
and one-half miles wide.

The Santa Susana Mounteins, whose eastern extension
Torms the northern boundary of the western part of San Fernando
Valley, trend northwest-southeast and extend from Fernando Pass
for approximately twelve miles to the vieinity of Tapo Canyon,
west of which the mountain range is known as Qak Ridge.

‘ The area mapped lies about twenty-five miles north-
west of Los Angeles. Good paved highways lead from Los Angeles
and vieinity to the foot of the mountains. The road leading
into the area from the north side of San Fernando Valley turns
off Devonshire Boulevard on De Soto Street (just east of
Chatsworth). This joins a private dirt road which follows
Browns Canyon to the area mapped. At Logan's ranch nesr the
head of Browns Canyon the road turns and runs westward, thus
traversing two-thirds of the length of the western part of the
area. After lesving the area, one may continue westward on

this road and,via lLas Llajas Canyon, eventually reach Simi
Valley. The fire control roads znd some of the ranch roads

have locked gates and cannot be used; consequently many parts of
the area must be reached on foot.

urpose of the Investigetion.

The report was made as a partial requisite for the
degree of Master of Science in geology at the California Institute
of Teechnology. The field work for this report was done during
the summer and fall of 1938.

ethodse.

The mapping was done on Fairchild Aerial Survey photo-
grephs having a scale of one inch to fifteen hundred feet. In
areas where more detailed work was necessary enlargements of
one ineh to seven hundred and fifty feet were used. U.S5. Geologi~
cal Survey topographic sheets were also utilized. Tor this
report the mapping on the aerial photographs was transferred
to a mosaiec. Putting all of the mepping on one photographic
mosaic shows interrelation of areas and makeg it easier to getb
a complete picture of the geology. However, a considerable dis-
advantag@ is introduced by the fact that in maklng the mosaic
and pieecing the many smaller photographs together, certaln parts
of the area were cut out or shifted in relation to their relative

.position to the area of the adjoining photograph. Wherever this
difficulty is gquite serious, the word cut has been inserted in
the cut-out and shifted area and the mapplnb has been put on
the separate pieces of the photograph in its correct position up
to the cut area,
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SULLARY
Ihe most important factor in the area to influence
both structure and strati the Santa Susena overthruct.
Cverthrusting along fthe a fault has in nany cases
taken place along wmore ne, producing an imbricate

gtructure. Structurally the period of orogeny which culminated
in this overthrusting resulbted in close and overturned folding
and faulting. The most prominent anticlinal fold is thet which
extends in a nearly east-wsst direction across the entire widih
of the area and passes Just below the Holt Ranch, in Browns
Canyon. Faults which are older than the Santa Susans crogen:
are found, and include both the normal and reverse types. Some

of these earlier faults have cut out varying thicknesses of
formetion, introducing local stratigraphic gaps. Several periods
of folding, uplift end erosion, indicated by unconformities, are
evident, and provide lines of weakness which have besen influential
in guiding and controlling the later folding. Thin development

¢f formations and the numerous unconformities point Lo a very
unstable area. Recent dlastrophic movement is indicated by fold-
ing and faulting of the (Pleistocene) Santa Susana overthrust
plane.

Through the medium of this overthrusting, an entirely
different stratigraphy from that native to the area has bheen
introduced. Above the thrust, a thick section composed of Wodelo
shale, (lower Monterey) (Valvulineria californica zone)shale,
and non-narine Topangae sandstone, conglomerate, and basalb is
found. This section, which has been overthrust from the north,
presents an entirely different environmental lithology. The
lithology below the thrust, and native to the area, is much less
well-developed, and differs considerably from the introduced
section found above the thrust. The poor development of these
formations, and the fact that they thicken ncrthward and that
they are nearly all separated by unconformities, suggests &
merginal oseillating enviromment in the old Miocene-Pliocene
depositional basin. The overthrust section and sections to the
north, as at Pico and Elsmere ‘canyons, are much thicker and lack
many of the unconformities present in this area. These areas
undoubtedly occupied a position nearer the center of the liiocene-
Pliocene depositiongl basine.

The oldest rock native to this area is the great thicke-
ness of Chico (Upper Cretaceous) sandstone, which makes up the
boldly outcropping Simi Hills. Unconformably overlying thig is
the basal Martinez conglomerate (lower Eocene), which,in the
particular area mapped, is in fault contact with younger Hoceus
to Pliocene formations. The only other Zocene Tormation mapped
was the thick section (1300 feet*) of Llajas (middle Eocene])
shales and silts, which grade downward to sandstone and conglomer-
ate near the base of the Fformatione. The Llajas is abundantly
fossiliferous. A big stratigraphic breek separates the Llajas



from an unconformably overlying upper Topanga conglomersate

and silt, 50 to 100 feet thicke. This thin section of marine
fossiliferous Topanga, limited above and below by unconformities,
is a marked contrast to the thick section of non-marine sand-
stone, conglomerate, and basalt which lies above the thrust and
was introduced from an area to the north by overthrusting. Dis.
conformably above the Topanga, in the section native to the ares,
is found a thin section of argillaceous Iodelo shale, varying

in thickness from about 25 feet in the southern part of the ares
to more than 100 feet in the northern portion, where sandstone
lenses and layers are found interbedded. This relatively thin
section is in marked contrast to the thiek overthrust section of
odelo, wnich is in excess of a thousand feet thieck. The
Valvulineria californica shale section found between the Topanga
non-marine and Modelo shale lying above the thrust is not found
in the section below the thrust.

Disconformably above the "native™ Modelo shale is
found a late lower and early middle Pliocene concretionary silt
which is eqgual in age to about the middle of the Pico formation
at the type section in Pico Canyon. This partial equivalent of
the type Pico has been designated as the Pico formation in the
area mapped. An unconformity separates these Pico silts from an
overlying sandstone, conglomerate and fossil reef formation which
has been designated the San Diege Tormation because of the
similarity of ite abundant fossil content with that of the type
San Diegoe. This 75 to 100 foot thiekness of upper middle Pliocene-
San Diego strata is, however, an age eguivalent of the upper Pico
formation at its type locality. Both mega~and micro=-fossil
evidence points to this. Thus it may be said that the time repre-
sented in the accumulation of the strata at the type loeality of
the Pieco formation has its equivalent in the Aliso and Browns
Canyons area. This time equivalent is represented by the San Diego
formation, the so-called Pico silts of the area, the unconformity
separating the two, and by part of the time represented in the
unconformity below the Pico silts and above the Miocene Nodelo
formation. The San Diego formation grades upward into brackish
and non-marine Saugus deposits composed of 500 feet of sands,
conglomerates and mudstones.

All of these previously mentioned formations were
involved in the latest severe folding which culminated in the
Santa Susans overthrust. Lying on the erosion surface formed by
the partial beveling of these folded deposits are found younger
Pleistocene terrace and river channel deposits consisting of
large,hard, sandstone boulders, mud, and Modelo shale fragments.
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PHYSICAL CUilDITICHS

The eastern part of the Santa Susana llountains,

albhough having & maximum elevation of about 2800 feet above
the San FPernendo Valley, has a moderately subdued topographie
forme Hanging valleys and discsected terraces give evidence of
several periods of rejuvenation of this land surface. Recent
diastrophism is evidenced by the fact that at several localities
the Sanbta Susana overthrust itself has been slightly folded as
shovm in upper Browns Canyon. In the area mapged south of the
Santa Susana thrust, the tepography seems to resemble a dissected
plateau, whereas the area north and above the thrust is regregeﬁtu
ed by much steeper slopes and greater relief. Drainage of the
gouth slope of the eaqtern part of the Santa Susana Mountaing is
south into the San Fernmando Valley and thence into the Los Angeles

Rivere.

The climate is semi-arid, which is typical of Southern
California. The streams in the area are intermittent with the
exception of certain perennisl sulphurous springs which are found
in the vieinity of the Santa Susana fault zone.

As ig so often the case, the vegetation of the region
is varied, since it is governed by the itype of soil and the
altitude. Areas underlain by Modelo shales, by terrace deposits
derived from them, or by other liocene or Pliocene shales usually
support a growth of grass or tall weeds. Black walnut trees,
white sage, and yucca are found on some of these slopes. Soil
-derived from sandstones of the San Diego, non-marine Topenga,
Chico and other formations support a dense growth of sumae, grease-
wood, and other dense brush which nakes getting about difficult.
The Pleistocene loose gravel supports yucca and low brushy growths.
Sycamore, oak and occasional black walnut trees are found on the
floors of the canyons. At higher elevations occasional pines are
found. A well-defined change in vegetation, caused by formational
differences, as between sandy and shaly soil in some cases, shows
on the aerial photographs and demaﬁﬂﬂtee Tormational contachis.

In the heads of the larger canyons, as Browns and Alisc

anyons, the rogks are well exposed. However, over other parts
of the azrea the rocks are covered by alluvium or Nodelo slump
which is no*ew@rthg for the large areas it coverse. blumplav o&
a large scale, in many places, not only makes mapping difficult,
but frequently may present large outcerops of lodelo shale, which
to all appearances seem to be in place and easily may be mapped
incorrectly.

GEOLOGIC CONDITIONS

Stratigraphy.

The rocks of the eastern Santa Susana Mountains are
entirely of detrital (sedimentary) origin, with the exeeption of
the lliocene basalt flows found in upper Browns Canyon and the



STRAT/IGRAPHIC SECT/ON BEIoW STRATIGRAPHIC SECTION ABOVE
SANTA SUSANA THRUST AND SANTA SUSANA THRUST INTRODUCED
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/
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SHALESs o FINE SAND-
STONES |NVTERCALATED WiTH
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area immedigtely east. Thesse sedimentary rocks range from Upper
Cretaceous to Recent.

The most conspicuous fact concerning the stratigraphy
of the region is that two distinet types are represented:
(1) that "native" to the area, and (2) that above the Santa
Susana overthrust plane which has been brought into the area by
movement on this feult. The stratigraphy "native" to the area
lying below the thrust has much thinner and more poorly developed
memberse. In most places the formations differ lithologically
from the liiocene and Pliogcene sections introduced from the north.
by the overthrusting. From the comparison of sections to the
north with those in the area covered by this report and the fact
that these "nativeY" sections thicken northward, it would seem
that the locality wmapped was a marginel oscillating area in the
liiocene and Pliocene depositional periods. As & result,the area 4id
not receive the same thickness of sediment as represented by such
more northern and eastern localities as Pico and Zlsmere Ganyons.
The many unconformities separating the various members of the
areg probably are reprecented in the thick section to the north by
sediments, for there, most of the unconformities apparently are
missing. ZTor example, the 500 foot maximum thickness of late
lower and early middle Pliocene silt together with the late middle
Pliocene San Diego formation of & maximum 100 foot thickness, which
are separated by an unconformity probably represents a considerable
portion of the time represented by the more than 3000 feet of Pico
in the section to the north. NMiocene formations which unconform-
ebly underlie the Pliocene silt in this area, and which are
represented by notably thin sections, are found in the Pico Canyon
area to the north to be much thicker. Here also the lower Pliocene
Pico formation apparently grades downward inbo the liocene without
any unconformity represented. Thus, the well-developed sections
$0 the north which are so poorly developed in the area mapped
Aliso and Browns canyons area, are undoubtedly represented in
time, abt least partially, by unconformities in this area. Fossil
evidence bears out the above comparison and correlation with the
Pico Canyon and Elsmere Canyon areas.

MESQZOIC RCCKS

Chico Formation (Upper Cretaceous).

Only a smagll area of the Chico formation, loecated in

the extreme southwest corner of the area, was mapped. This Chico
terrain represents a very small part of the northeast corner of
the great area of Chico sandstone which makes up the bold out-
crops of the Simi Hills. At the locality mapped, the Chico
formation lies in unconformable contact with a sandy conglomerate
which probably represents the lartinez basal conglomerate, or
possibly the Simi conslomerate. ‘1) This, however, is a tentative
{1, lelson, R.N., Galife Univ. Publ. Dept., Geol. Bull. Vol 15,

Noe 11, pp. 400-401. -
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cerrelation, for the author did not find any fossil evidence,
and fthe upper contact of this conglomerate at this locality

ig a fault contact. The Chico formation, whose age has bee?
previously determined by Upper Cretacsous fossil evidence, 2}
{8) Kew, WeS.We, UusSe Geol., Survey Bulletin 753, p, 12.

is predominently made up of coarse, massive, dark gray to brown
sandstone with minor amounts of thin beds of sandy shale and
gonglomerate.

TERTIARY ROCKS

Martinez (lower Eocene)

The Martinez conglomerste mapped is located in the
southwest corner of the area, in Aliso Canyon and vieinity,
just north and east of the outcrop of Chico formation. It lies
uneonformably above the Cretaceous and is limited to the north
by a fault against which it is in conbtact with formations
ranging from "Llsjas™ (middle Zocene) in the bottom of Aliso
Canyon to San Diego (Pliocene) located on the ridges above. This
gonglomergte is several hundred feet thick. The boulders in it
consist chiefly of quartzites and granites, all of which are
large and wellerounded and which are scattered through a brownisgh
colored sandy matrix. Local phases of brown sandstone are found
in the conglomerate. 4 brown sandetone is present at the top
of the lMartinez, where it is faulted ageinst the Llajas formaition,
Whether thie reletively thin exposure of sandstone represents a
part of & distinet member in the Martinez, or whether it is
Just a sandy phase of the thick bhasal conglomerate member, was
not determined becguse of the limited lithologic section observel.

No fTosegils were found in the keartinez conglomerabe,and
this fect,together with 1ts unconformable relationship with the
Chico below and fault contact with the formations above, make
its age determination tentative. Howesver, ths writer Tfeels
that this conglomerate represents that previously described by
We Se We Kew in his report covering this ar@a,z and therefore
‘QJ‘ 3«: ?ﬁr.s OE. Cite
sents the lartinez basal conglomerate. Kew also suggests
that it may be fthe Simi corglomerate, a Paleocene formation
which undarlies the lartinez and Santa Susana shales. The faet
that only a small part of the whole extent of fthis member was
mapped lesves the true relationships of the member incompletely
solved. However, the idea that the menmber represents the basal
Vartinez wes recently corroborated by a personal communication

b

< 4 yir P g 3 Y oy -y oy A E P - gy 4 y e Y
from We Se W. Kew, who has mapped the member in its entirety.




Llajas Formation (middle Eocens)

In the area the deposits now known as the Llajas
Tormation were first mapped and described by Kew in his report
covering this area, and were included in his Meganos {oymatien.
The name Llajas was first applied by J. H. lclasters.il
(L) J¢ H. lickasters, 1933 (Geol. Soc. Am, Bull., Vol. 44,

NO. 12 ppo 217*2180)

The Llajas formation as mapped in this report is
exposed in a north-south strip in the bottom of Aliso Canyon.
The formatiom, in general, is composed in its upper part of a
series of silds, silty shales, and fine sandstones intercalated
with thin fossiliferous limestone beds. Downward it grades
into coarser sandstones, with conglomerate near ite base. The
lowest basal portion of the Llajas in contazect with an older
formaetion was not observed in the limited area mapped. Although
feulting of the exposures mapped greatly complicates working
ocut a sequence with certainty, the writer has recognized a
number of lithologic members. None of the members were syctem-
atically collected. The small incomplete species list after
each member merely represents random collecting in the various
members, while mapping. In the fauna collected only the more
cermmon and characteristic species were identified and listed.
The members are as follows:

1. 300"+ Qlive-brown fine sandy silt. Bedding is
thick snd poorly developed. The member is
abundantly fossiliferous. Species collected and
identified are:

Anmgurellina clarki Stewart

Globularis hanneball Dickerson

Vensricardia (Venericar) hornii (Gabb)

Cracsatells uvasana Conrad

2. 400'+ Blue ghale. The beds vary in color from
blue t0 bluish-gray to gray. The top of the
member is mottled with worm impressions and
contains thin limestone glauvconitic or micaceous
beds. This member is well stratified., Fossils
collected were:

-

Turritells endersoni Dickerson (Loc. H29)

Turritella lawsoni Dickerson (Loc. HE9)

Balanophyllia variablis Nomland (Loc. H29)
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4.

500600 Fine sandy silt. This menmber is
greenish-gray to buff or yellowish-brown on
weathering and is fine grained micaceous, and
poorly bvedded. Numsrous fossil reefs and

ledges are intercalated in the member. Sandstone
reefs are Tound near the top. Fossiles eollected
were:

Gastropods

Amaurellina clarki Stewart (Loc. H28,H26)

Globulerie hannabali Dieckerson (Loc. H28,H26)

Ectinochilus (Macilentos) macilentus (White)(Loe . .H28,H26

Tupritella buwaldana Dickerson (Loc. HZ8)

Conus weaveri Dickerson (Loc. H26)

Gylichnina tantilla Anderson & Hanna (Loc. H28,H26)

Pelecypods

Cardium, sp (Loc.H28)

Corbula complicata Hanna (Loc. H28, H26)

Crassatells uvasena Conrad (Loc. H28)

40-50% Sandstone. This member is nmedium coarse, hasg
engular greins, a silty matrix, $ightly binding
calcareous cement, and is characteristically iron
stained, giving it a yellowish-brown color. Fossils
found in the member from locality H-27 are: :

Balanophyllis varisblis Tomland

Amaurellina celarki Stewsrt

Turritells anderconi Dickerson

Solena (Fosolen) columbiana (0. & P)

Eetinochilus (lacilentos) macilentus (White)




Se 100"+ Conglomerate. s conglomerate iz poorly
gorted and counbains interbedded sandy phases
throughout., The pebbles, which are scatiered
through a sandy matrix, consist chiefly of
guartzitic and granitic rocks together with darker
pebbles derived from more basic igneous and
metamorphic rockse. The pebhbles are all fairly
well rounded. A few fossile including

Venericardia {Leurocactis) aragonia (A. & H.)

were found in the more sandy phases oif 1
The only locality in which the Llajas Tormation
ontaet with an older formation. was in the lower
anvon where it was in feult contact with the
lartinez o onergte previousgly described. The upper contact
wes widely mapped and in most cases was an angular unconformable
one with the overlying Topanga middle liocene). In one case, on
the northern flank of the Llajas anticline, the Llajas formation
wgs fTound to be in unconformable contact with the middle Pliocene
San Diego Tormation. Due to these stratigraphic breaks, result-
ing from faulting and erosion, age determination is dependent,
in the limited area mapped, enbtirely on fossil evidence. The
fossils, vreviously mentioned under the desceriptions of the litho-
logic members of the Llajas, conbtain many characteristic middle
Eocene forms, as: dmaurellina clarki, Globularia hannabali,
Eetinochilus (lacilentos] macilentus, Venericardia hornii,
Turritella andersoni, durritella lawsoni, balanophyllia variablis,
etc., thus pointing to middle Eocene age, The eombined ocecurrence
of many of these forms in cartain of the lithologic members seems
to indicate a relationship with the divisions of the nearby Llajas
gxposures established by Frank Tolman in the Simi Valley area
just west of, and ceontiguous with, this Llajas area. It would
seem that a zonal relationship exists between these greatly
separated divisions. However, not enough work has been done to
be certain that it is not merely & litheologic and faunal facies
gimilerity within the formation.
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Topanga formation (middle liiocene).

The Topanga formation mapped by the writer is found
exposed in two north-south strips on either side of upper Aliso
Canyon where it is found overlying unconformably the previously
mentioned Llajas formation. The upper conbtact with llodelo shale,
where exposed, is disconformable.

The lower portion of the formatiou, throughout most of
the exposed area,is represented by & conglomerate, whereas the
upper part is made up of a fine, yellow-brown, concretionary
sandy silt. The conglomerate member is composed of well-rounded
pebbles of granitic, quartzitic, gneissic, and other types roock
derived from mebanorphic and igneous rocks which are of a much
more bacic nature than those found in the younger Pliocene

he conglomerate.



conglomeratese The latter have a very acid character. As &
result, in exposure, the Topanga conglomerates present a much
darker appearance than the distinetive white-colored Pliccene
conglomerates of the area. The pebbles are imbedded in a brown
Sandy matriz. In its lower portion near the unconformable Eocene
contact, the conglomerate contains abundant Zocene chale fraompntw
The conglomerate varies from about 15-.50 feet in thickness,
although throughout most of itse exposure it is about 25 feet thick
The fossil fauna found in the more sandy phase of the conglomerate
contains Pecten andsrsoni - Arnold and Turritella ocoyana Conrad.
The upper sandy silt member conbzins abundant® well-reun&ed limy
sandstone coneretions averaging about 3 inches in Qlu&ﬁﬁ@f.

Several very small indeterminate pelecypods and a
gastropod were found in the silt at locality H-20. In examining
its micro~fossil conbent, abundant characteristic middle liocen
foraminifera were found, as: ~

Uvigerinella cglifornica Cushman, var..

Valvulineria miocenica . Qushman, 2.5

Valvulineria californica var. appresss Cushman

Velvulineris deprass Cushman (?)
Honion costiferum (Cushman)
Monion ineisum '(Cagl an )
Baggina californica Cushmean

The joint ocecurrence of several characieristic foraminiferal
gpecies shows the age of the silt at locality H-14, H-15, H-.16
and H.20 to be of up?@@m@at Topangs or upper middle Miocene in
agee This silt veries in thickness from about 25 feet tg¢ oOver
75 feet in thickness. It =eems to thicksn northward, thast is,
in a direction toward the he A

[®

g o ca

@ad of Aliso Canyon.

On the east side of Aliso Carnyon, in % 71
part, Topanga outerops are partly obsoured by = e
from the overthrust Modelo formetion ich makes up the ntlv
upper caay@g slopes, and as a result. the upper Topanga-liocdelo
contact was nowhere found. The outeropping Topanga Tormation
at this eality is reprecented by a fine, buif- @Qlor@d CGONL-
eretiona sand (containing nurerous Pecten anders ni) about
10 feet lek overlain by a b5-foot hard, white Muki tsng formation
which g bold Fl@““ Exposed at fossil locality H-34 a
endy ¢ merate and sandstone underlying fthe E%Gvuf aniersoni
gand ses o thickness of 6bouf ?Q *@ lw fTaeet, EEO?ﬁ ‘@ fs@ﬁ
8 ically downe-slc Hoce
@ Begides abvu i
¢ retiona y
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boulders of the lower part. The sandstone ig variable in grain
gize. It is, however, Tiner than the sandy portions of the

lower member end consists of about 5&% guartz, 50% feldspar

and 154 ferro-magnesian minersls. (The predominant femic is
biotite.) The whole is fairly loosely consolidated and seems

to be cemented by kaolin. The upper and lower portions together
comprise about 300 feet of sediment. Basalt immediately overa

lies these sandy conglomerates and sandstones both in Browns

end kormon canyons. In Lormon Canyon the basalt flows are
intebedded with sandetone, whereas in Browns Canyon the basalt

flows seem to be all one unit. The basalt is quite vesicular

with abundant amygdaloidal zeolites in the vesicular flow-tops.

The dark coloer of the basalt was in most outerops changed to a

red color due to the almost complete oxidation of the ferro-magnesian
minerals. The thickness of the basalt in Browns Canyon ig about ,
50** o In Mormon Canyon the basalt is somewhat thicker, which with
the interbedded basalt, probably reaches about 100' in thickness.
The white sandstone overlying the basalt in Browns Canyon averages
about 40-50'+ . The sandstone lying above the uppermost basalt

in Mormon Cenyon did not possess this distinetive white color.
Contacts with the formation overlying this non-marine member were
obscured in Mormon Canyon. In Browns Canyon, however, a zone of
Valvulineria californica argillaceous shale was found lying GOV
Tormably above the non-marine member, thus dating the formation

as older than lower Monterey, and thus probably of about Topanga
agee A lisgt of some of the species found in association with the
Valvulinerig celifornica zone, and which characterizes the lower
part of the type Monterey formetion, is as follows:

Valvulineria cglifornieca Cushman

Valvulineria californica Cushman vare. appressa (Cushuan
Dentalina obligua (Linne')

Siphogenerina reedi Cushman (?)

Baggine californiea Cushman

Bolivina impricata Cushman

Pullinia miocenica Cushman

Nonion costiferum Cushman

Lack of fossil evidence in the non-marine formation, itself, and
-the fact that its lower stratigraphic relationship is not known
because the lower limits of the formation are cut off by the Santa
Susana thrust make positive correlation very risky. The alove
Topanga correlation is a ftentative one.



odelo Formation (upper Miocene)

The lModelo formation, with the exception of the Aliso
Canyon exposures, is only found above the Santa Susana thrust
fault, where it makes up the higher ridges of the eastern Santa
Susana Kountainse. This thick section above the Santa Susana
thrust plane, or planes, has been introduced into the ares by
overthrusting. Its exposures cover more territory than any of
the other formations in this part of the Sants Susana Vountains.
The thin section of Modelo found below the thrust plare in Aliso
Canyon is "native™ to the area and differs greatly in lishology
from the overthrust Modele section. In either case, the Modelo
usvally presents rounded slopes supporting a growth of grass,
burr sage, and wild walnut trees.

' The portion of the extensive area mapped lying above
the Santa Susana thrust is made up, for the most pert, of a hard,
buff to eream-colored, extremely well-bedded cherty, shale with
occasionally interbedded gray to brown, thin silicious limestones
with local occurrences of foraminifera, together with a soft
argillaceous variety of shale which appears to contain a consider-
able percentage of organic matter., On fresh surfeces the
argillaceous shele is dark bluish-gray to Dblack in color, and
on weethering turns a light chocolate brown. Calcareous conerew
tione are not uncommon in this shale. The odelo shale is at
many localities highly contorted, which is undoubtedly due %o
its position above the thrust and to the very incompetent nature
of the sheale itself. The total thickness is ghout 1000 feet, in
the ares mapped, of this llodelo shale.

Correlation of this area of Modelo above the Santa
Susane Fault was made on the basis of lithology, stratigraphic
position and micro-fauna, as no mega=fossils were found in this
particular lodelo section. ILithologic similarity of the form-
ation described with that of lodelo localities deseribed by other
writers is apparent. The ares mapped 4id not include the upper
limits of the Modelo section. However, the Tormation was shown
t0o be no older fthan uppermost Niocene by the faet that lower Monterey
(Valvulineria calirfornica zone) shales were mapped disconformably
underlying the lodelo in the upper Browns Canyon area and the ares
immediately east. In addition to the above mentioned age eriteria,
final age correlation was nade by foraminiferal evidence. The
occurrence together of several characteristic species in the micro-
fauna collected from limestone beds intercalated in the Voedelo
shale decisively shows the Tormation to be of upper liocene age.
(Ses end of this section for faunal list).

The llodelo formation exposed in Aliso Canyon, below the
Santa Susana thrust, is made up almost entirely of a soft, organiec,
argillaceous ghale, which on a weathered outerop is a light
I

chocolate-brown color. An excention to this is found at the heszd



of Aliso Canyon where the shale is inte bedded with layvers

and lenses of vwhite and gray to brown led 2 whiech conr

vary from one ineh to 25 feet in thla,n z2. lany of these be QQ
anﬁ lenses are petroliferous, probably having derived their oil
from the enveloping organic shales. In this same vicinity near
the head of Aliso Gunvsﬂ, in a deeply cut east-west tribvutary,
there ie a sandstone : @*be% of much greater thickness than any of
uhe previously Fentloned odelo sandsbtone beds. Thig member is
about 150 feet thick. I*c upper contact is a normal contact

with lModelo ﬁréll aceous, chocolate~brown shale carrying & typical
Ilodelo foraminiferal acsemblage {b@% end oFf this section for
faunal list) whieh shows bthe shale to represent & “truJ;ffmdﬁﬂ
horizon well up within the ¥odelo. A4t the contacht sandstone &V@
shale are interbedded. Below, the thick sandstone member lie

unconformably over ths Llagas (middle Eocene). The waﬁﬁLuQQ@,

which isg angu¢ar arkosic, un@ masgive, is usuwally brown in color.
It veries from a true sandstone to a pebbly conglomeratic sand-
ctone. Pebtrographically, it is similar to other lodelo sandstones,
The cendstone is unfossiliferous. Age dstermination of this
particuler member obviously depends only on its stratigraphic
relation to the conformably overlying Modelo @hale, which represents
& horizon well up in the Nodelo. DPositive correlation as Wodelo
from this meager evidence is obviously not possible. Its strati-
graphic relations and petrographie GOﬂﬁeﬁm, however, strongly

suggest a lModelo age correlation.

Another @x@aption to the usually argillaceous ghale found
below the thrust is boahm in the bluffs below Brugher's Ranch,
where the top of the argillaceous Kodelo shale is marked by a
limestone bed. This llm stone bed, at its top, is broken Jg and
presents an unconformable contact to the lower Pliocene formation
lampdiwn*lv above it. The organic shale at this locality contaln
abundant concretions which are elongated in the direction of +the
bedding. The exposures along the bluff in many cases are Tairly
fresh and the organic lModelo shale is seen to be of a very dark
blue or black colar.

The llodelo shale of Aliso Canyon is found least developed
in the southern part of the canyon mapped. It thickens northward
(up-canyon). This ie best shown on the west side of the canyon
where the Modelo shale 1nc“e ses from about 25 feet in thiclkness
in the southern portion of the canyon mapped to over 100 feect in

thickness to the north, where it is exposed in the bhluff below
the Brugher Ranche

A long dike-like ares of this argillaceous organic
lodelo shale trends in a northwest-southegst direction and crosses
the lower part of Aliso Canyon. This dike-like outerop is boundsd
by two parallel high angle reversse faults and is remarkable for
its wniform *Pl ckness. Shearing and sprezading ocut of shale be-
tween the two faults is indicated on examining the dike-like mess.
This Eome&llea ﬁlk@ is further discussed under the fopie Structure.




The age of ?1 brown=~colored argillaceous lodelo shale,
which ig the common &1 hologice representative of the lodelo
Tornmation below the San t Sugana thrust, ig indicated by both
stratigraphic and foraminifers 14 11

Qhale lxe VYC O

fa"muhlv above the Topange (middle 3

) form L and une one
ﬂ@rnably below the Pico (middle znd lower ﬁiiecene)

E « An age
between middle Hiccene and lower Pliceene is thus indicated. The
Joint oceurrence of ecertain fowazs of definite ranges found
agsociated in the miero-fauna eollected from this argillaceous
gshale show it to bﬁ of upper L~Q ene age as ig indicated by its

stratigraephic position.

A faunsl list characterizing the upper and lover lLiodeslo
Tormation of this area, bogether with the locality numbers fron
which the fauns ollected is as follows:

Lower modelo (Diatbtomaeceous)

(Locality ¥13, Tol and &t lodelo locality above the j
(nonemarine sandstone at the head of Browns Canyon)

Pulvinulinelle gyroidinaformis Cushman and CGoudkoff

Baggzine californica Cushman

o ~

Gyroidine soldanii var. Cf. rotundirargo ReE. and K.C
.

Valvulineria grendic  Cushman and Galliher

Virguline californiensis Cushman var.

SBulimina Cf. B.Uvi

Two different SQ@Q'€“ c“ megi.-fossile were also found.
(Locality J1, just south of } Une species was Nassarius spe., of
which the Rliqu collected Z5 or 30 specinens, &ll from a hard
liny ¢ retion found *n,tFﬁ **l% e The vvaanu species
coll x%@ resented by i beth valves of & 7211



Previcus w ig areca
gilt, llodelo organic Shwl@ lower P
in the 4Alis¢o CGanyon Vl*lﬁliv together g
This paper indicabes the Tirst separation ix
The west slde of Aliso Canyon in this area
section, together with the overlying Sa D“
above, and the Topanga conglomerite and L1 f@rﬁwus@p bvlew
all well exposed. It includes the Niocene-Pliocene fcw»"iszar B
ection; the Tossil resf containing abund ’ ]
(new species), abundant large sharks tee
istic end well presserved middle Pliocene
e i Jas Tformation; and las

Pilco Formation (lower middle Pliocene)

Ihe two best exposures of thi £
mapped are to be found in the Aliso Car a
gide of Aliso Canyon just south of Brugh Ranch
the eas’ side of Aliso Canyon about two miles so utk
east of the Brugher Ranch. This Pliccene #lt in
of the area is probably nowhere present except in a =
Just north of foessil loecelity Hll., This iz due %o th E that
it lies beneath the Santa Susana thrust plane. Only the v&uv~e%
San Diego and Saugus (late upper Pliocene and lower Pi@l@b@u@fﬁ}

fTormations are expossed south of the thrust, This lower middle
Plioccene fOfF&tLQﬂ ig made up of a light buff ¢olored sandy silt,
throug cghout whieh ealcareous concretions are common. The Tormation
@hanges from a fire silty teytur@ in its lower part to a :aﬁﬁy

texture in its upper 1 OTth ,,,,,, That the change in texture is due

to & shallowing of the wa59r 1n wiich the sediment was deposited

is ehown by the fact that deeper water or neribic zone fTorms nesr

the base of the formation, such as Uvigerina pezeée%ina Cushman var.,

Cassiduline translucens Cu“nman, Globlgerlna SDe, giVe way

progressively upward Lo shallower water depth zone faﬁnaw. Near

the top of the section such characteristic shallow water forme as

Zlphidium hughesi, Discorbis sp., ete., are found. Where best
exposed, bthe Tormation is about 350' thick. 4n average thicknes

is about 200,

[#1]

The Pico Tormation is unconformebly underlain by the
ilodele organie argillaceous shale oi Aliso Canyon, previously
described. This unconformity is well shown by the foraminiferal
and stratigravhic gap found on maﬁln” a ssction of the silts and
shales exposed on the west side of Aliso Canyon bhelow the Brugher
Ranch. Stratigraphiczally above, the bedding of the Pico forn&tz@w
is uneonfornable with the QveflylnL low—dlgplno San Diego formation,
Thus the stratigraphic position of the Pico sandy silt indicates
that the formation is younger than uprer Xioccene (liodelo) and older
than upper middle Pliocene (3an Diege). The mega~- and micro-fossil
content of the silt indicate 1t was dsposited in the later part of
early Pliocene and early part of mid-Pliocene., According %o
We He Holiran, of the Standard 0il Company paleontological depart-
ment at Los Angeles, the micro-fauna isc similar to the fauna of



b
8]

the middle part of the Pico formabtion as developed in the btype
Pico secetion in Pico Canyon, and to the fauna of the silts in
Zlsmere Canyone. The 400~foot maximum thickness of lower Pliocene
gilt in the area meapped represents in time equivelence about the
lower middle portion of the section at the type locality of the
Pico in Pico Canyon. There is no evidence that Pliocene as old
as the baszal Pico of Elsmere and Pico Canyons is represented.

The time equivalent of the upper part of the Pico formation at
the Pico Canyon and Elsmere Canyon areas is represented in this
area by the San Diego Tormation and the unconformity that separates
the San Diego and the lower middle Pico gilt.

In view of the age equivalence as established by strati-
graphic position and faunal similarity, the writer suggests
tentatively the use of the formational name Pico for the lower
Pliocene sediments asg mapped and separated in this report.

4 typical example of & micro- and mega-fossil section
across the portion of the Pico formation as represented in this
area is found on page L1l%a.

San Diego Formation (upper middle Pliocene)

The San Diego forration outcerops at intervals from east
to west across the entire breadth of the srea. It is well exposed
in the Browne and Mormon cenyons areas in the east and caps the
older formations along bthe Aiiso Canyon arez in the west. Good
exposures are also to be found immediately south of the east-west
road leading from Browns Ceaunyoen to Aliso Canyon. Luch of the
San Piego formation is covered by older Kiocene formationsg through
the acetion of the Santa Susarna overthrust fault.

In general, the San Diego formation ig made up of coarse
sandstones and conglomerates a&ll of which are usually white or
light gray in color. The light color is due to the fact that the
rock material making up the sandstone and conglomerates is all of
an neld charscter. Thick Tossil reefs are also characteristic.
Finer sands and silts are interbedded with these coearser ssndstones,
conglomerates, and fossil reefs. The more fossiliferous or
galeareous menmbers of the formetion are commonly well-cemented
and hard, other members are lopsely consolidated.

In the localities of its thickest development, Browns
and Mormon canyons, bthe San Diego 1s cut off by the Santae Susana
thrust, and ag a result its full thicknese 1g hidden, even so,
the formabtion reaches a thickness at these adjoining leocalities
of over 200 feet. The outeropse in Browns Canyon are connected
with those of the Iormon Canyon ares immediately eastward though
they are covered by a largs slumped area of Modelo formabtion.

The San Diego formation in these areas consists of firne and coarse
gands and conglomerates with fossils scattered throughout. Local

goneentration of foseil material forms coquina reefs,
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LA ;L8 :i\ l;iﬁ@
of thicknesces ra, the
s@huhA&nd ﬁol e of ave whzch guts
the exposed Qeﬁt on &t t long sult (or twe
closely parallel faults)  f elo ) &G
ed with unitorm thickness ho e and
dike~like nmass of Liodelo shele averag betwe
thickness., The faulting (which will be mors
under Stﬁme+ufa), took place before San Dieg
by the fact that the fanlt does not cub the
lyving uvnconformably above the Pico silte, but
with the silts gt this ,ncanf:ﬁmity On the soutl af 1p+}mz:t

gide of the high ansle reverse fault only & small fraction of the
original thickness of the Pliocene gilt is to be found unconform-
ubly overlying the Llajas, Eocene. Undoubtedly the ﬂxplaaati@n
ic that the section on this side of the fault, being raised by
the fault movvment” was gre wtly aroded before the San Diego was
deposited unconformably above it. On the north side of the fa ulﬁ
a much thicker seebion is found, (see section given above) as th
wes the gide which moved down along the high angle reverse fau
and as a result was not subjected to ercosion comparabls to thsa
on the uplifted south side.

AL the locality on the west side of Aliso Canyon, Jjust
south of the Brugher Rench, the San ﬁlego censists of a foseil
reef containing in addition to the many characteristic species
(listed on page 23, Lound throughout the Sen Die c oo, abundant
specimens of an echinecid, Qtr@42v1059n+?gbh“$ ap. These echincids
are found in & fossil zone in about the middle of the reef, where
they occur in abundance closely packed ftogsther in & matrix of
their own spines. This cehinoid zonme is about 3 feet thick. The
form was described and named for the wr;t@y by Dr. Ue. S. Grant IV
of the University of California at Los Angeles. This new species
represents the Qla@at occurrence of the genus in the Tertiary of
Gaiifermia The formation at this locality is shout 40 feet thiclk.

The bage iz & thlr conglomerate foseil reef composed of pholad-
hored limestone fragments derived from the lodelo formation. This
bed is characteris thally found near the base of the San Diego
throughout the ares. Another echineild mnew %o th» late mid dlﬁ
Pliocene was Tound at loeality K12, Just ezst of Allso Canveﬁ ant
about & halfl m*mq belew the Holt Henmch. The horizon in waich it
oceurs is near the base of the San Diego formation at about the
sgme horizon as that containing Strongylocentrotus sp., mentioned
above. The latter echinoid was identirTied as Aﬁt“ﬁﬁag?lq
fernandoensis Packe. Previous to this discovery this Torm had
only been tound in the Elsmere Canyon area where it was a marker
Tor the basal Pliocene beds of this ar@a, This species is very
sbundent at locality H1Z and ie associated with P. bellus and
other pelecypods

D
¥
0

Lithology and fosseil content suggests, in generval, a
shallow warm webter environment for the deposition of the San Diego
formation. The sands and conglomerates in the upper portion, with
their associsted fauna, are typically littoral zone or beach deposi
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Forapinifers Tound
bedded with fooail
such sh&lla" wate“
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wgvﬁrf uu&OISu@Ql’

Gv@r m@rtlan of %h

precents o velabtiv ely d¢
ab indicated by the &a@pa
Chlemys hastatus {Sowerby Whizﬂ
the formation. A sectlon the San
Just weet of the Logan hanch, showe
Taunas Lfron these desper water fo
weter affinities, az oysters, razor elama

A A mo o

ﬁhw yvounger bads above, give way to a A con

T Dendragster. This is very likely 2 ‘t:wﬂ*'"'*h depeoasit. Above this
1s Tound a marl containing fresh water gactropods. Straetigraphically
above, are cross-hedded sande and oﬂ“1019 rates, all of which were
very clean. Strabtigrashically abQV@ Fhese o e sands and conglomer -
ates, more typiecally non-marine and terrﬁtsr;al agpe %” were noted
in the zediments, €.g., bthe sande and conglomeratss conbained meore
mud, were more poorly sorted, more angular, sand cont ch@ mud balls.

mh&; gradation Trom marine Daﬂ Dlege t@ ”Qﬂw&i? na deposifte marks
the ”fudmﬁlﬁﬂ%l coentact between the marine San Diego and overlving.
non-merine Sgugus

Although the San Diego gr&ies upward into the Sgusus, it
lies with an engular uneonformity above the Pico silt {lower
Pliocgsne) forpmation. The impossibility of definitely dating the
non-marine Saugus in this ares makes the use of the stratisyraphic
pegition of the San Disgo of li** value. The most that can be
galid poeitively fronm ﬁ”aulf“ phic evidence ig that the San Diego
forme tion 18 younger h“‘ﬁ.tme Tate lower and esarly middle Pliccens
(Pico =ilt

sbundant fossil evidence, however, makes 1t possible to
date the formation much more glebely. ihe mega-fossil assenblage
is ehagracteristic of uﬁwt found at the type locality of the San
Diego formetion. The San Diego affinities of the Toszils fron
this locality wers fivgt reco.nized by Arnold. {1} . P. Woodring's
() Arn@l@, Ralph, New Tharacteristic bpeﬂzcc of rossil Kollusecs

from the Oll_BS‘“lﬂf Tertiary xQﬁT&&lQUS of Southern Calif.,

?Z‘OG-» Uau. 1 “““ to quu ‘Iﬂl 5 g ?}c ’55¥L LT Q?
paper on Pligegene yepQQ1$@ Torth of Simi Valleyld), further
{2} We P Vioodring, Californie Acad. Sol. Proc., 4%h ser., vVol. 14,
o. 18, nne 57-64, 1930

lxalaatad Thic 1dea, and peinted out, albter giving his fossil lliet

from the San Diego of tais region, that the founa listed %o date

represented only a small frechion of the fauna living when thess

beds were laid down. Woodring believed that solution in the coarce-
greined sediments Trom which 3» and previous cellectors, had collectw

ed their specimens was responeible for the absence of the hogt of
molluses with less durable aragonite shells than those of calcite
shells found, such as brachiopeds, echinoids, oystersz, and pectlens,
end epitonids. The writer in map:i g found two loealities {one

in particular - Loc. H13) which ;epre -ented a finer grained ng
more £ilty member of the San Diego formation. From these tw
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Orbvuline universa 4A'Orbigny
Planuline c¢f. arininensis 4'0rbigny
Glovorotalis S§.
Dlsgorbis gamp nul“ te {Galloway and Wi
Ua ryina arenaris Galloway and s¢*zlcf
Guttu clf. aust: 3
C..‘"}.}

rigeca (4'0rbigny)
T@xiuiarla 7 cpecies
Globigerine bulloides 4'0rbigny
Polymornhing elongata Galloway and
Bulimina marginats ﬁ'ﬁfhigny

Br%ozaa gseveral sgpecles
Cstracods " "

Saugus (upper Plliocene and probably lower Pleistocens)

2

The Saugus formation is best exposed in that part o

Browns Canyon below the Logen Ranch. It does not occur in th
western porﬁioﬁ of the area mapped. The formation as & whole is
made up, in general, of coarse, poorly sorted arkosie sands or
Wr“vel:, boulder ﬂoug10mozatws and interstratified Tine grained

sandstones, silts, or muds. The greater part of the formetion is

ontinental, with some locsl brackish water deposits in i%s lower
p&?tion. Th@ berrestrial origin of the Saugus is indicated by its
poor sorting, cross be”imng, a“aulwr appegrance of sand grains,
arkosic nature of the sandes, fh1u?lty of many oi the colgl@melatg
péebbles, scoured and filled e@annelu the presence of mud ball e,
end lack of marine fossile. The ﬁatume of the Saugus deposits wi
their abrupt changing lithology sug bestw thet the Saugus Ior”ftég
at least dvring the early part of its deposgition in the area mapped,
was deposited on a flood plain near the sea by a meandering river.
Hills of moderate f@ll@i must have b@@n near the basin of deposition
to supply the abundant, coarse deposits included in the Saugus
Brackish water areas Qudﬁe:t minor deﬁspwﬁlonq near an old coa st
line or the encroachment of the merginal seas in the esvlier
trensitional stage (from San Diego marine to Saugus non-marine) of
the Sauguse. althOh”h the lower limits of the formation are not
exposed in Browns Canyon, = Tthickness of over 500 feet ic thlndg Ti I
Visits to the region east of the area menpsed have shown that th
formation becomes cogrser and thicker in this direction, which
suzgests the San Gabriel lounbtain mass as a scurce area of the
gsediments. Examination of the pebblec in this formation shows them
t0 be derived from granodiorite monzonite, diorite, aplite, acid
pegmatites, quartzites, peridotites, zabbro and hornblende schist.
All of these hard, acid metamorphic and igneous wwceks are found in
San Gebriel mourta1n

f
£

¥

£

Ag no foseils were found by the writer, stratigraphic
osition alone must be relied on Tor ags determination. In the
Browns Canyon ares the Saugus overlies the San Disgo by a normal
transition from marine to brackish wabter and non-marine sedimenbts.
The Saugus is, in vuran, overlain by terrace material which has bheen

uplifted and dissected since deposition. Exact age determination of
thie terrszce material, with the present evidence, is impossible.
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However, the writer believes 1t to be as old as the upper Pleistocens,
as indicated by its deformation and resultant dissection. Then it may
be surmised from the stratigraphic position of the Saugus that it is
younger than upper middle Pliocene (San Diego formation) and older
than upper Pleistocene. Thus an estimate of the age of the BSaugus
formation in this area would be that it is upper Pliocene and pessibly
lower Pleistocene. The transition period from San Diego to Saugus
mast have taken place in early upper Pliocene, that is, if we put the
San Diego deposition in upper middle Pliocene time, as do Grant and
Gale with their idea of the Pliocene-Pleistocene boundary.

Quaternary Terrasce and Channel Deposits (middle or upper Pleistocene)

The Quaternary deposits are found mostly in the eastern
two-thirds of the area mapped. In this part of the area they are
found as irregular scattered patches and remnants. In some places
they are nearly flat-lying, while in others they have been notadbly
disturbed by folding. The deposits are, in general, made up of
poorly~sorted river gravels and flood plain deposits which differ
widely in their character and thickness. There are some lenses and
layers of conglomerates, coarse sands, clay, and silty material. The
deposits are often very roughly cross bedded. Fragments of siliceous
Modelo shale are common to abundant in the deposits. The boulders
of the conglomerates frequently consist of large, hard sandstone
which were derived from the Eocene sandstones present to the west.

There are three particularly interesting occurrences of
this Quaternary material. (1) In the area immediately west of the
S. S. Holt Ranch the Quaternary deposits are found with a general
northward dip. They are overridden at this loeality by the Santa
Susana thrust fault. This indicates that the thrusting along the
Santa Susana is a very recent movement. The material at this local-
ity seems to occupy a depression in the Pleistocene surface. The
materials of the deposit consist of large lenses of Eocene sandstone
boulders, sands, and silts. (2) Immedistely west of the above local-
ity and apparently part of the same deposit due to overthrusting,
this Quaternary terrestrial conglomerate material is found sand-
wiched in between San Diego white sandstone and pebbly conglomerate
above and Miocene deposits below. The San Diego formation which has
overridden the terrestrial conglomerate is itself overridden by
Vodelo shale. To explain this reversed sitratigraphie order, at
lesst two thrust planes must exist, one above the Quaternary to ex-
plain the San Diego stratigraphiecally above it, and one above the
San Diego to explain the Modelo overlying it. The thrust between the
San Diego and Modelo is partieularly well shown at this locality.

(3) In the Browns Canyon area, about one~fourth mile above the Logan
Raneh and immediately north of a large San Diego fossil reef, there
is found what appears to be an 0ld, east-west, deeply cut, and steep-
banked river channel filled with Quaternary deposits. An interesting
faet is that it trends in & direction at right angles to the present
main drainage system. The stream in the bottom of Browns Canyon has
apparently barely cut through the bottom of the deposits, showing a
thickness for them of over 300 feet. These deposits consist of

large sandstone boulders and fragments of siliceous Modelo shale, all
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In general, along the exposed thrust contact, upper
middle Pliocene (San Diego) sandstone is found overridden by upper
Viocene Modelo shale. However, in Browns Canyon there is a thick
non-marine sandstone and conglomerate (middle Miocene), which has
been thrust over lower Monterey shale (Valvulineria californica zone ).,
This shale, itself, in the western part of the head of Browns Canyon,
is thrust over Modelo shale, which, in turn, is thrust over the San
Diego Pliocene. In Mormon Canyon non-marine sandstone, (Topanga in
age% overlain by lower Monterey and Modelo shale, is thrust over
San Diego Pliocene. At one locality a slice of lower Monterey shale
was found separating the non-marine sandstone from the underlying
San Diego. This imbricate structure, which was found at several
localities, will be discussed further in succeeding paragraphs.

The very incompetent Modelo shales, upon being thrust

- over the more competent Pliocene sandstones, are found to be highly
folded, eontorted, and broken. Both the non-marine (Topanga equiva-
lent in age) sandstones and the San Diego sandstones are very little
affected by crumpling; they, for the most part, in their contact
along the thrust, have been broken and granulated by the shearing.
The shearing has affected the sandstones for no more than 50 feet

on either side of the fault. In the case of the incompetent Modelo
shale lying above the thrust, this doces not hold. These shales are
folded, erumpled, and broken for great distances above the thrust.

A good exposure of this contortion in the Modelo shales above the
thrust is to be found at the head of Aliso Canyon.

Sulphurous springs, tufa deposits, and oil seeps are
common along the trace of the fault marking its eourse. In upper
Mormon Canyon, the actual exposure of the fault trace is shown
excellently at several localities. Here a zone about 5 feet thiek,
of black petroliferous fault gouge containing erystals of sulphur,
gypsum, and cealecite, is found. Such thickness of gouge is unusual
and may be explained by the fact that competent non-marine sandstone
has been thrust over competent San Diego sandstone. The usual
contact between San Diego sandstone below and Modelo shale sbove, 1s
found to have a very thin gouge, in most places only a few inches.
This gouge ceontact 1s usually marked by a massive black substance
whieh gives the appearance of a streak of organic material. The
dark color is due probadbly to menganese staining. The explanation
of such a thin gouge zone always occurring along the eontact bvetween
sandstone below and Modelo shale above, is to be found probably in
the incompetency of the Modelo shale. Any friction-producing
stresses are teken up in this very ineompetent shale by contortion
and flowage. In the Mormon Canyon occurrence there is competent
sandstone against competent sandstone, such a relief of friction
is not possible, and as a result the friction produces much thicker
gouge zones.

Relief of stress along more than one thrust plane, thus
ghoving one sheet or slice of rock over another and giving an over-
lapping shingle-like or imbricate structure, is found along the
Sants Susana thrust. This imbricate structure is shown both at a
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& more or less east-west direetion, and parallels and faulbs the
gouth limb of the large anticlinal structure of this vieinity. The
large, hard, massive fossiliferous sandstone beds of the San Diego
lie on the upthrown south side of the fault. Miccens silts and
shales are found in the downthrown or overridden north side of the
fanlt, This fault is younger than the pre-San Diegoe "Modelo.dilke!
fault, because it not only cuts the San Diego formation, but is
interseated by and does not eross the "lodelo-dilke" fault, The
gbresses which pvrodused overthrusting along this high angle faulb
of hard massive San Diego sandstones over Miocene silts and shalecs
is probably related %o the stresses that produced the snticlinal
strueture with which the faulting is associaitela

Just south of the above mentioned fault and just norith of
the Miodelo-dike" fault, an area of complicated disturbance and
stratigraphie break is prohably to be explained by a fault. The
acbual plane of the fault was noebt seen, although 1ts trase was
marked by broken and sheared roek. The most conclusive evidence
peinting to faulting was the fact that on the north zide of the canyon
at this locality a thick section of south Qipping San Die go Forma-
tion was facsed on the south side of the canyon by a grest thiekness
of older south dipping Pico silts (lowsr Pliccens). Faulting
to be the only solution to this stratigraphic break. At this
locality on the north side of the canyon an area of San Die
atone iz found dipping northward apparently into thes 2ut W
southward dipping San Disgo which outerops nesrly ag a dip
The appearance of this San Diego mass with reversed
glumoing off of the hard San Diego sandstone dip

inne. Drag along the previously sugg
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exnlanstion or condribubis
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anta Susans thrust plane at hesd
of Aliso Canyon.

Modelo shale faulted agalinst Pleo si
reverse fault paralleling antielinsl
south of the Holt Ranch.

1% along high angle
gtructure just

View ascross Aliso Canyon from the Holt Ranch west toward
‘whe Brugher Ranch. The fossil reef indicated is the one
whiech contains Strongylocsutrotus, spe. The throw of ths

Tault is sboub 100 feet.
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ol ng danyone  The axia
ks au wowld be expected fro
Ab the Browns . Canyon lesality m

the Lozan Ran
gvarturned son
of thrusting.

1 p:

hcllnal

ing, the suf&rapmeg and of & south dipping Limb of an sasb-westh
gnt 1\,1 ine iz %o be Tound overturned and fupm.r northweard .
linbh at the botton of the canyon 10 Aipping ~o rd. Jush cast
of B“ wnﬁ uunvmn, along the Limb of this Sasb-west &ﬂtl@liﬂy,

sverriding of ths u@%mrned eroded edge o Ean Diege sandstone has
gauged a reversal of 4ip sinulating overiuined falﬂmr” The reversal
of dip wasg probably caused by a ve volution ~T the entire hlock-like
thickness, rather than reversal of dip by bending of the ugﬁUﬁl a
edges of the %Mtiﬁlyﬂ¢; limb by overriding. This is indicated by
the thick =ecetion of upburnsd @&@@5 of seddiments in fthe revergal,
the relation of this reversed section to the surreunding antielinal
gtrueture, and the fact that the great thickness ig not broken and
grughed ag 1t would be if ovoxturnmdAby bending of bthe thick,

brittle mass s0 near the sarth's surface. The mechanics of ”Wuﬁ &
blook becoming broken off and rotated is sométhing not uwneommon %o

overthrusting, but is difficult o describe. The writer wonders if
perhapa the overturm&ng of fthe sast aide of Browns Canyon, nrevious.
1y mentioned, dloes not cwe at least part of its overbturning to overw
riding of the upturned eroded edges of the limd of the anticline

rather than whelly to setual overiturning of the f£old at depth durirg

the folding of the San Dies

0 sandstone. That overturning 4id occur
along this anticline during :

folding is, e, & f“ﬂ? and 1s well

ghown not only in Browng Cazvom but in uylmom Canyon ag well. This
ig shown by tne constant muah gteeper dips on the snzth limb in both
GAIYOnS e

Anbielinal structure in the area is best shown and exp noszed
in Browns, Wormen and Aliso Canyons. The wmos t prominent axn tielinal
shtruagtors Ln the Browns Cenyon ares, just mentioned in diseussing
overturning, is located lmmediately north of the Logen Ranch.
south limb "in particular, of this anticline is well axpozed by
grosion, and being ﬁytrﬁmelv fogsgiliferous affords very good collech
ing. This abtruchre is probadbly a contimious ext { the large
southernmost anticline so well shown in Aliso Janyon. NWorthward
and up canyon from this larger Browns Canyon anticline, anobher
anticlinal structure and an inbervening syncline were mapped. Due
%o the FTaet that, exeept in the narrow ﬂ¢f4uL part of the waumwﬁ

shruetures sre survounded and covered by ﬂ?ww@ﬂﬁ @t 8
eline and av ticline %re not prowinently expoged. ML
omall degree on the more impord Lﬁw“mtnk_x of Bz
heaen noe teﬁ

¥

g

A dry hole was it : _
on Yhe north flank of Lthe nor PTG S ‘vfiﬁliwe in Bﬁ;xﬁa Canyoun
A well was also drilled &WﬂfﬁXgmau, ' Browns Canyon syn
This well started in heds of San Die Lnper middle Plioce
and probably reached rocks of middls awe from which 1%

raported o have produced 1,5000,000 cubic feet of zas u ﬁayei‘
(L) Wenalle Kew, U.E. GEQ. @u VaY Bhll%blﬂ THS, Do QQL iygd,




G e
Both Browns C ﬂJoﬂ welle were drilled by Dr. ¥, 2., Melton, of the

3.&ﬁi@ﬂﬁa Qil Company.

- A broad, well &ﬁ?wl@ﬁﬁ anticline was ma
in Wormon Canyon.This ant icline is undoubtedly the Jaﬁteyu
of the large, wsll davalcp@d anticline juat vbnvo the Logan
in Browng Canyon. DBetween Irowns and ¥Mormon Canyons a larg 1

slump masks the thrust f&&lt trace and strmeture in the uﬁdevlvi 8
ugdlg,ﬁbs Az a result pozitive correlation betwesn the fold of
Browns and of Aliso Canyons cannot be made.

Polding exposed and mapped in the Aliso Canyon area consists
of two large, well developed ¢ mticlines, two Synclines and & small
snticline of minor importance. The Ll@&&b anticline which is one of
the large anticlinal siructurss of the Aliso Canyon area, was Tlrst
mapped and nameﬁ by Walelle Kaw;(z$ It ig to be found near the nortl
(2) Weseite KEW OD e 216 ‘
ond 0L ALLSC CanyoNle LHE arlbleling SHILLIREGS 10 & HOTLNRES heso WENaas
direction, and pluﬂxen both esast and west from & point just east of
the head of All 0 Canyone. The Llajas antieline at the iliso Canyon
locality, is failrly symretrical and has dips a8 high ag 42 degrees
on both flanks. The exbonsion weshwerd from &liso Canyon was nob
mapped and included in the area of this rmpawt. Iy o“xum along
4wtxﬂlmﬂﬁ nas exposad & section of Pllmaﬁ+ k and Bocens
Thig is esgpeoially trus of the | ag=u 3~ene}, for the
suree in the area mapped hy the writer were fouwnd slong this

raged by oll seeps from an ¢il sand in the la‘&‘
Tormation is %u» Liag@w Canyon and the fact thab the ! : '
located Lo B snwest of the are produsing ¢L0m
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angnlar unsonformity indicates an earlisr pre-liiocens period of

Tolding. That the earlisr pre-iiocene folding wasg influential in .

gulding the labter folding represented, is not to be doubled. Willis(a)

ve2) willis, Bailey, and Willig, Robia, Geologice Structure, Welbraw-
Hill, New York, Third Edition, 1934 .

has shown experimentally that small departures of dip of even one

- degree are very influential in guiding later folding, since they

determine points of weaknéss. This T0ld, as previously mentioned,

ig probably a westward exftension of the prominent anticlinal structure

in Browns Janyon Just above the Logan Ranch.

Between the southernmost fold mapped in Aliso Canyon and
the Llajas anticline %o the north, two synclinesand an anticline
were mapped. These are of less interest and importance., The compls-
mentary syncline mapped, the axis of whiech is immedistely north of
the southermmost prominent Ffold wmentioned above and whioh passes
under the Holt Ranch buildings strange to say, was drilled for oil.
The writer was unable to secure well log data and other information
on the drilling, which would be of interest. The operstors apparenb.
1y thouvght they were on the anticlinal struebture inmmedigtely %o the
south, not realizing the close folding in this region. - This syncline
involves sediments ranging from Tocene to Pliocene. The small anti
gline and synecline immediastely morth of this syneline seem to be
chiefly confined to the Hocene.



