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ABSTRACT

Surface and subsurface data are combined to determine the
structure of the Newhall area from the Santa Sysana reverse fault
north to the San Gabriel fault. In the Ventura basin, basement rocks
similar to those of the western San Gabriel Mountains are apparently
overlain by Paleocene-Eocene strata which appear equivalent to the
Paleogene south of the Santa Susana fault. An unnamed nonmarine
sequence overlies the Eocene Llajas; it appears lithologically similar
to the Mint Canyon Formation (Soledad basin) but is in the same strati-
graphic position as the Sespe Formation (Ventura basin). The Modelo
(lower and upper Mohnian), Towsley (Delmontian), and Pico (Pliocene)
Formations overlie unconformably a major erosion surface in the
Ventura basin. Nonmarine Mint Canyon strata of middle to late
Miocene age are overlain unconformably by marine Pliocene strata
in the Soledad basin. The Saugus Formation occurs on both sides of
the fault., The San Gabriel fault accumulated right-slip between
middle Miocene and late Pliocene time and has been mainly dip-slip
in the late Quaternary. The Whitney Canyon fault represents two
periods of displacement: pre-Pliocene juxtaposition of Paleogene
strata against basement rocks along a normal fault of large separa-

tion and minor post-Saugus reverse displacement. The south-dipping

Holser reverse fault intersects the San Gabriel fault in an unknown
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manner. The San Gabriel, Holser, and Santa Susana faults may be
potentially active. The Legion, Beacon, and Weldon south-dipping
reverse faults may haye been formed in response to folding of the
Pico anticline and Oat Mountain syncline which were controlled by

the north-dipping Santa Susana fault as it increased in dip and cut

across bedding; therefore, these faults may be potentially active.
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INTRODUCTION

Regional Setting

The Newhall area is located about 30 miles (50 km) northwest
of downtown Los Angeles and lies within the Newhall, Mint Canyon,
San Fernando, and Oat Mountain 7 1/2 minute quadrangels which cover
parts of the Ventura and Soledad basins. The Ventura basin is an
east-west depositional trough within the Transverse Ranges Province
(Fig. i). The basin extends east only to the San Gabriel fault which
separates it from the Soledad basin. The depositional environments
in the two basins are quite different. The formations in the eastern
Ventura basin are principally marine in origin, whereas to the east
across the fault the early Tertiary units of the Soledad basin are
chiefly nonmarine. The area includes those parts of the two basins
which are close to the western end of the San Gabriel Mountains.

- On the southwest side of the San Gabriel fault, basement is en-
countered in several wells., The basement rocks cored are similar
to the granodiorite, diorite gneiss, and metasedimentary rocks ex-
posed to the east in the western San Gabriel Mountains. Neither
basement rocks nor sedimentary rocks were drilled in the study area
below the Mint Canyon Formation northeast of the San Gabriel fault.

Eocene rocks are exposed only in Elsmere Canyon and are

equivalent in age to the Llajas Formation (¢cf. Howell, 1974), These
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strata overlie a thick section of Paleocene-FEocene rocks which were
penetrated in the Continental-Phillips 1 (17) well south of Placerita
oil field; this well also reached crystalline basement. An unnamed
nonmarine sequence of rocks overlies the marine Eocene and is itself
overlain by late Miocene strata; this sequence has been compared with
the Sespe Formation of the Ventura basin and the Mint Canyon Forma-
tion of the Soledad basin,

The lowermost sedimentary formation overlying basement in
the Soledad basin is the nonmarine Vasquez Formation which consists
of coarse~grained sandstone and conglomerate interbedded with vol-
canic rocks. The nearest exposure of Vasquez is several miles north-
east of Newhall, The Vasquez is lithologically similar to the Sespe
Formation found within the Ventura basin (Bohannon, 1975) but differs
from it in that it contains interbedded volcanic rocks. The early
Miocene Tick Canyon Formation rests on the Vasquez and is composed
of nonmarine, fluviatile reddish brown claystone, siltstone, and
sandstone. Neither the Vasquez nor the Tick Canyon is found in the
subsurface or is exposed in the study area. The early to middle
Miocene in the east Ventura basin is represented by‘ the marine
Topanga Formation which grades eastward to nonmarine strata in
the northern San Fernando Valley (Oakeshott, 1958) south of the Santa

Susana fault,

Two important and in part coeval units are the middle to late
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Miocene nonmarine Mint Canyon Formation of the Soledad basin and
the middle and late Miocene marine Modelo Formation of the Ventura
basin. The Mint Canyon throughout the basin consists of deposits of
fluviatile sandstone and conglomerate, lacustrine siltstone, and
volcanic tuff, Clasts within the lower Mint Canyon include igneous
and metamorphic rocks that are in part similar to the basement in

the nearby western San Gabriel Mountains northeast of the San Gabriel
fault. Volcanig clasts in the formation are similar to the volcanic
flows in the Vasquez Formation to the northeast. The northwest-

, trending San Gabriel fault is believed to have undergone between 30

;; and 40 miles (48-64 km) of right-lateral movement (cf. Crowell, 1952;
P Ehlig, 1975); this may explain why the Mint Canyon crops out only

northeast of the fault and its equivalent, the Caliente Formation ex-
posed 30 miles (48 km) or more to the northwest, crops out only west
of the fault. Overlying the Mint Canyon is the shallow water Castaic
Formation which is in part coeval with the upper Modelo across the
fault. The Modelo Formation consists of marine siltstone, mudstone,
and shale rich in organic mater'ial.

The late Miocene to early Pliocene Towsley Formation consists

= el U N AR SRS

of interfingering siltstone, sandstone, and rconglomerate which succes-

sively overlie basement, Eocene, nonmarine, and Modelo rocks from

east tq west, respectively, into the Ventura basin. The overlying

SR e 4 s S i
T S e o i A




f Pliocene Pico Formation is coarse-grained and is found primarily

in the Ventura basin, but it has been reported east of the San
Gabriel fault in the subsurface of the Honor Rancho area (Schlaefer,
1978). Large scale horizontal displacement along the San Gahriel
fault apparently ended prior to the late Pliocene when the Saugus

Formation was deposited. The Saugus is found extensively on both
sides of the fault; however, the fermation in the Ventura basin of
the Newhall area is much thicker than it is directly east of the
fault. The Saugus grades upward from shallow marine and brack-
ish water to nonmarine sandstone, conglomerate, and interbedded
r siltstone.

| In addition to the San Gabriel fault, the Whitney Canyon fault
is a major north-trending structural feature through the area. The
fault was most active between the deposition of the EKocene and
Pliocene strata; a section of Eocene rocks was downdropped over

6000 feet (1830 m) along an ancestral Whitney Canyon normal fault
against basement rocks of the western San Gabriel Mountains. The

i Towsley Formation masks the early pre-Pliccene movement on the

fault. Regional compression during the late Pleistocene formed a
series of south-dipping reverse faults through the Newhall area (Fig.

3
z‘ 2). The Whitney Canyon fault was reactivated so that Pliocene units

were slightly offset in a reverse sense of separation.
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Figure 2. Location of faults in the Newhall area. Thesis area enclosed by
dashed lines.




Purpose and Scope

In recent years, the urban sprawl of the San Fernando Valley
has moved northwestward into the Newhall area. In zoning this area
for urbanization, it is important that the nature and age of faulting in
the area be understood; this is the main purpose of this thesis. The
work has involved combining surface and subsurface data in order
to construct accurate geologic maps and cross sections for an under-
standing of the area in three dimensions. This thesis has integrated
late Quaternary surface data reported by others (cf. Weber, 1977;
1978) with subsurface oil well information to further define the fault
zone.

The subsurface study of the Newhall area also serves to connect
the subsurface studies of the Santa Susana thrust fault zone (¢f. Lant,
1977; Shields, 1977; Yeats and others, 1977) with additional studies of

the San Gabriel fault by Schlaefer (1978) and L. Stitt (in progress).

Methods of Study

Field work was completed in five weeks in March and June of
1977. Published surface maps of the Newhall area were field-checked
to familiarize myself with formations found mainly in the subsurface

and to verify field relations critical to the fault study. Most units

g prominent in the subsurface of the area were examined where they
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occur at the surface for a better understanding of the regional
stratigraphy. The geologic map (Plate I) was revised from Winterer
and Durham (1962), Kérn (1973), Saul (1975), Shields (1977), and
Weber (1977) based on field work and subsurface oil well data.
Landsat imagery was used to map the location of the eastern end of
the Holser fanlt where it intersects the San Gabriel fault. The liolser
fault location is based on data from R. J. Proctor (personal comm.,
1978) and Weber (1977, 1978).

Data were gathered for 214 wells (listed in Appendix A hy
section-township- range and by well index numbers which are in
parentheses throughout the text) in the Newhall area. The principal
source for this information was the California Division of Oil and
Gas (DOQG) from which electric logs, well histories, well surveys,
directional surveys, drilling logs, and core descriptions were pro-
vided. Paleontology reports, dipmeter data, and core samples were
furnished voluntarily by well operators.

Twenty-seven cross sections (Plate VI) were constructed, using
electric logs and other oil well data, utilizing wells which were
drilled in and around the Placerita, Newhall (Whitney Canyon,
Elsmere Canyon, and Tunnel fields, and Rice Canyon oil fields
(Fig. 3). Sixteen of these cross sections are presented in this re-
port; they represent the more critical subsurface relations necessary

to understand the stratigraphy and structure in the area. The
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.; Figure 3. 0il fields in the Newhall, California area. Dashed lines enclose
& the thesis area. Other subsurface studies, dotted iines, are in the Aliso

Canyon (Lant, 1977), Cascade (Shields, 1977), and Honor Rancho (Schlaefer,
1978) o0il fields.
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structure contour map of the faults in the area (Plate II) represents
all the control available to me from oil well data. The structure con-
tours on the pre-Modelo erosion surface and on the top of the Tqpanga
Formatign (Plate III), on the top of the Modelo and Mint Canyon For-
mations (Plate IV), and on the top of the Pico Formation (Plate V)
give a better understanding of the subsurface gealpgy. Canter (1974)
and Ricketts and Whaley (1975) have discussed in greater detail the

use of subsurface correlation techniques.

Previous Work

i
X
i
8

ke

The first report on the geology of the Newhall area (Whitney,
1865) discussed the relationships between the sedimentary series of
the eastern Ventura basin with the crystalline basement rockg of the
San Gabriel Mountains. Hershey (1902) suggested several names for
rock sequences in the Ventura and Soledad basins, including the Saugus
Formation and the Mellenia Series (now the Mint Canyon Formation).
A detailed geologic map of the region was made by Eldridge and Arnold
(1907), and parts of the region were latexr remapped by Kev&) (1924).
The Soledad basin was mapped by Jahns (1939, 1940) and Jahns and
Muehlberger (1954). The Newhall area was mapped more recently by
Oakeshott (1950, 1954, 1958), by Winterer and Durham (1951, 1954,

1962) who named and described the Towsley Formation, and by Kern

(1973) in the Elsmere Canyon area only. Holloway (1940), Ford (1941),



?

&
i
kA
R
4%
B

o e

ssingi

AR e

11
Daviess (1942), Morrison (1958), and Merifield (1958) have mapped
parts of the eastern Ventura and Soledad basins as Master's theses.

Subsurface studies in the area have concentrated on the
Placerita oil field (cf. Kew, 1924, 1943; Walling, 1934; Ford, 1941;
Barton and Sampson, 1950; and Oakeshott, 1950). Willig (1952) corre-
lated rock units in the Newhall area with the oil-producing zones in
the Placerita oil field. The most recent subsurface study on the field
was made by Tudor (1962), whose report contained the first published
cross section through the area. Other oil fields in the area have been
discuegsed briefly within the reports on the Placerita oil field.

The San Gabriel fault was identified in the San Gabriel Mountains
by Kew (1924), who believed that the fault extended to the west as the
fault now mapped as the Holser fault. The fault was eventually linked
with the northwest-trending Palomas fault of Clements (1937) in the
Castaic Junction area by Eaton (1939). Eaton was the first to speculate
that the San Gabriel fault had a strike-slip component of movement,
whbereas it previously had been thought to be dip-slip (cf. Hill, 1930;
Miller, 1934). The first substantial evidence for right-lateral move-
ment on the fault was reported by Crowell (1952, 1954, 1962, 1975).
Recent lines aof evidence by Ehlig (1968), Ehlig and Ehlert (1972),

Ehlig and others (1975), and Woodburne (1975) further substantiate

major right-lateral movement on the fault. One study objecting to

the idea of strike-slip movement was made by Pasachall and Off (1961);
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r they concluded that the San Gabriel fault was principally dip-slip.
Schlaefer (1978) restudied the subsurface in the Honor Rancho oil
i field, and found that pre-Towsley strata indicate strike-slip movement,

whereas post-Towsley strata were displaced chiefly by dip-slip move-

ment.
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STRATIGRAPHY

The Newhall area contains rock units which range in age from
pre-Cretaceoys to Holocene. South of the San Gabriel fault, several
wells cored basement rocks consisting of granodiorite, granite, and
schist. Crystalline basement has been found only south of the San
Gabriel fault and is correlated to basement rocks exposed in the
western San Gabriel Mountains south of the San Gabriel fault. The
oldest sedimentary strata penetrated by drilling in the area was found
west of the Whitney Canyon fault; almost 6000 feet (1830 m) of
Paleocene-FEocene racks were penetrated. This sequence is pre-
sumed to lie unconformably on basement, but the unconformable con-
tact with basement was not drilled in the area. The lower section of
the sequence is conglomerate that may be correlative with the Simi
Conglomerate of the Simi Hills, whereas the middle and upper sec-
tions may correspond with siltstone and sandstone of the Santa Susana
Formation and interbedded siltstone and sandstone of the Eqcene
Llajas Formation, respectively. In the west and southwest parts of
the ma.pped area, the Eocene is overlain by a sequence of unnamed
nonmarine rocks. In the past, this sequence was correlated with
the Miocene Mint Canyon Formation of the Soledad basin, but the two

units have 'only a couple of lithologic similarities, and the Mint Canyon

more closely resembles a sequence in Lockwood Valley, west of the
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San Gabriel fault 35 miles (55 km) to the northwest. The unnamed
nonmarine sequence has also been tentatively correlated with the
Sespe Formation exposed only south of the Santa Susana fault; how-
ever, the two units are not lithologically similar. Marine sandstone
and shale of the middle Miocene Topanga Formation are found in the
subsurface beneath the Pico anticline. Shale and siltstone of the
Modelo Formation of middle to late Miocene age conformably overlie
the Topanga in the Pico anticline area and unconformably rest on a
majoy pre-Miocene erosional surface in the western third of the
Newhall area, including the unnamed nonmarine sequence. Continu-
ing the overlap of the Topanga and Modelo Formations over older
units, the Towsley Formation (Delmontian Stage of Kleinpell, 1938)
conformably overlies the Modelo and unconformably overlies the
remainder of the erosion surface to the east. The Towsley is a
time-transgressive unit that is in part Miocene age in the deeper
part of the Ventura basin, but is almost entirely Pliocene in the
shallower, eastern edge of the basin. West of Newhall, the Towsley
is characterized by silt;:xtone interbedded with lenticular sandstone
and conglomerate largely deposited by turbidity currents., The forma-
tion changes from mainly finer grained clastics to interbedded sand-
stone and conglomerate with some siltstone stratigraphically upsec-

tion and to the east. The Pliocene seas began to regress during the

deposition of the Towsley and Pico strata. The Pico conformably
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overlies and interfingers with the Towsley and is progressively higher

stratigraphically and coarser grained to the east. With continued

regression, the Pliocene grades vertically and laterally into brackish

water and nonmarine siltstone and sandstone of the Saugus Formation.
East of the San Gabriel fault, the fluviatile and lacustrine silt-

stone and sandstone of the middle to late Miocene Mint Canyon Forma-

tion form a very thick sequence. In two small outcrops in the mapped

area, Pliocene rocks of either the Towsley or Pico Formations overlie

ST

the Mint Canyon Formation unconformably. Over the remainder of
the area, the Saugus Formation rests unconformably on the Mint

Canyon or on Pliocene strata. The section of Saugus in the Soledad

bagin is about one-fifth as thick as it is south of the San Gabriel fanlt

in the Ventura basin.

General Discussion of Micropaleontology
of the Eastern Ventura Basin

For over 40 years benthic foraminifera have been the most
‘ widely used means in biostratigraphic correlation and age dating of

marine Cenozoic rocks in California. Kleinpell (1938), the first to

use benthic foraminiferal index species and assemblages, divided

the Miocene into six stages (the Zemorrian, Saucesian, Relizian,

iR L

Luisian, Mohnian, and Delmontian). Natland (1952) divided the Pliocene

§
1
ﬂ and early Pleistocene of southern California into four stages (the
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Repettian, Venturian, Wheelerian, and Hallian), and Mallory (1959)
separated the Paleagene of the California Coast Ranges into five stages
(the Ynezian, Bulitian, Penutian, Ulatisian, and Narizian).

During the past ten years or so, criticism has increased over
the use of benthic forams in biostratigraphic correlations. However,
the first to recognize that benthic forams may be time transgressive
Qas Natland (1933, p. 230), who stated that ''the correlation of two
widely separated outcrops based on the similarity of their foramini-
feral assemblages alone is apt to be erroneous.' Two approaches have
been used to test the accuracy of the benthic foraminiferal chronology.
In. the first, Winterer and Durham (1962) traced lithologic units in the
Newhall area from Pico Canyon to the Weldon-Gavin Divide (Plate I)
to set up time lines within the Pico Formation. When these time lines
are compared to benthic foraminiferal correlations along the same
line of section, the benthic forams show a major time-transgressive
character. They also noted that miscorrelations of up to 3200 feet
(1000 m) could occur if benthic foram correlations were used exclu-
sively (Winterer and Durham, 1962, Plate 47). The second approach
involves the comparison of benthic foram chronology with recently
developed planktic chronologies.

Planktic biostratigraphy is now regularly used for correlating
and age dating marine rocks because it has a number of advantages

over benthic foraminifera: 1) coccolith species are extremely
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abundant; and 2) they have evolved rapidly which means narrow strati-
graphic ranges for many species (Crouch, Bukry, and Arnal, in
press).

In light of the new planktic chronologies, it is evident that
benthic foraminiferal biostratigraphy must be used with discretion
when correlating between outcrops or oil wells where lithology is
not diagnostic. The degree of error that might result in using
benthics to age date marine sequences is shown in Figure 4. For
example, the Narizian and Ulatisian Stages of Mallory (1959) are
now considered to be time equivalent on the basis of planktic fora-
minifera and coccoliths identified by Steineck and Gibson (1971).
Crouch, Bukry, and Arnal (in press) have determined that the
Kleinpell (1938) stages, when compared with coccolith zones from the
California Continental Borderland, show considerable overlap be-
tween stages. They believe that the overlapping stages may be caused
by environmental factors, physical and biological, resulting from
silled and unsilled Miocene basins. Also Kleinpell's type Delmontian
Stage and type lower Mohnian Stage are essentially coeval according
to the work of Pigrce (1972), Ruth (1972), and Barron (1975, 1976a, b).
It is very important that benthic foraminiferal correlations be queried
and then used with discretion.

In the eastern Ventura basin, benthic forams have heen used

to identify and correlate rock units with varying success. It has been
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20
found that the accuracy of benthic foraminiferal correlations is
highest in a deep water basin-plain environment where a single envi-
ranment persists for great distances. However, toward the edge of
a basin it becomes increasingly difficult to recover, identify, and
age date benthic forams. In sections where benthic forams are found
and can be dated ''accurately, ' one must consider 1) the apparent
overlap of benthic stages, 2) the time-transgressive nature of benthic
stages, and 3) the rapid facies changes that can occur over a short
lateral distance at the edge of a basin. These are important factors
to bear in mind when working with microfauna in the Ventura basin.

The formationg within the Newhall area have been identified both
with respect to lithology and to microfaunal assemblages. In this
paper, the Modelo Formation is defined on the basis of lithology, and
the top is picked on the basis of lithologic differences between it and
the overlying Towsley Faormation. The Towsley is identified tenta-
tively west of Newhall in the deeper water depositional environment
on the basis of Delmontian fauna, here probably of early Pliocene
age in contrast to the type locality of the Delmontian in central Cali-
fornia, In the subsurface, the Towsley and Pico Formations appear
lithologically similar, unlike their surface outcrops. The formations
are separated, where possible, on the basis of Delmontian or '"Mio-

cene'' fossils in the Towsley and ''"Pliocene' fossils in the Pico. In

the remainder of the Newhall area, shallow marine deposition has
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caused the time-transgressive character of the benthic forams and
also of the stratigraphic units to be most pronounced. For these
reasons the Towsley and Pico Formations are referred to as Towsley-

Pico undifferentiated (Tt-p) where these conditions arise,

Basement Complex

The San Gabriel Mountains form paxt of the edge of the eastern
Ventura basin; the San Gabriel basement rocks crop out in the eastern
part of the mapped area (Plate I). Miller (1930, 1934) divided the

basement into sevgral units but applied the name ""San Gabriel forma-

tion" to the entire assemblage because of the complexity involved in

mapping individual units, He defined four rock units on the basis of

small, scattered outcrops: 1) the Placerita Formation, 2) the Rubio

. diorite and metadiorite, 3) the Wilson diorite, and 4) the Lowe grano-

diorite, Oakeshott (1954, 1958) subdivided the basement of this same
area into Placerita Formation, dicrite gneiss, and granodiorite,
LR

The Placerita Formation, of pre-Cretaceous age, is the oldest

rock unit exposed in the area. Its outcrops are ''fragments of a once

‘widely distributed thick series'' (Oakeshott, 1958). It is a metasedi-
"mentary rock assemblage composed of white crystalline limestone,

N &b‘lamite, quartzite, and schist containing biotite, graphite, pilli-

manite, and in some cases tremolite. The formation is highly foliated

- and cataclastically deformed (Merifield, 1958). The difficulty in
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mapping is caused in part by the complex intrusive contact of diorite
gneiss into the Placerita Formation. The gneissic rpcks are so
closely associated with the Placerita metasedimentary rocks in distri-
bution (Oakeshott, 1958) that the two units are difficult to map sepa-
rately. The diorite gneiss in the western San Gabriel Mountains can-
sists of metadiorite, hornblende diorite, and amphibole and biotite
schists. The Placerita Formation and diorite gneiss are further
disrupted by the emplacement of late Jurassic to Cretaceoqus igneous
plutonic raocks which vary in composition from quartz diorite to
granite.

The basement. rocks of the San Gabrjel Mountains extend to
the west beneath the eastern Ventura basin. This is clearly defined
north and northwest of Newhall in the vicinity of the San Gabriel fault
where Miocene and Pliocene strata cverlie the basement directly.
Southeast of Mohil- H&M 1 (187) (Cross section F; Plate XII), base-
ment is not encountered, Instead, the Miocene and Pliocene sedi-
mentary sequence is underlain by either Eocene or post-Eocene
nonmarine strata. In addition to the Whitney Canyon fault juxtapos-
ing basement rocks against marine Eocene, a pre-Miocene east-west
trending fault is interpreted as separating Eocene and nonmarine
strata from basement rocks just south of Mobil - H&M 1 (187) (Cross
Sections F, J, L, O; Plates XII, XVI, XVIII, XXI). The fault was

aative apparently prior to the erosional period; this is suggested by
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sfructure contaurs on the pre-Modelo erosional surface map (Plate

111). The Eocene fossils in Mobil - Circle J 1 (185) are of the Ulatisian
Stage of Mallory (1959) and comparable to those in Continental -
Phillips 1 (17). Therefore, a thick section of Eocene south and west

of Newhall is likely to be found in the subsurface down-dropped along

a pre-Miocene fault. The Eocene section is most probably underlain
by basement rocks similar to those in the western San Gabriel Moun-

tains and in cores north of Mobil - H&M 1 (187, but an indisputable

- depositional contact between Eocene and basement has not been ob-

gserved in wells or in outcrop. Oakeshott (1958) suggested that the

Paleocene seation in Continental - Phillips 1 (17) directly overlies

.the basement.

The following list of wells comprises those which have pene-
trated the basement complex in the eastern Ventura basin; see Figure
5 for locations. The wells are listed by section, township, and range;
the number in parentheses following the well name and number is the
well index number, as shown on Plate VI and in Appendix A, Several
wells have had thin sections made and are described petrographically
(denoted by *), whereas the remainder of the descriptipns are from
drilling and core logs recorded for each well.

Lee - Government 1 (2) 5-3N-15W

Basement hit at + 404 feet.
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Figurg 5. Cil wells-drilled into basement rocks and the adge of the basement
J:C70mp1ex in the San Gabriel Mountains. (* = petrographic decription wmade in
/ »Vells; wells identified by index number iisted in Appendix A.)
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“ Jgneous basement at 925 feet.

Continental - Phillips 1 (17) 6-3N-15W

Cored at 7365-7376 (#27). Schist. Dark green to black with

th ::beds of recrystallized limestone. Core badly fractured and
slickensided throughout. Probably the Placerita Formation.

~ Sidewall cored at 7410. Gneiss. Weathered, green to greenish
griy and fractured.

iy ’C‘dred at 8268-8283 (#30). Gneiss. Fractured with local folia-

tian’similar to nearby outcrops in western San Gabriel Mountains,

Lige - Heil 1 (170) 32-4N-15W
Cored at 1431-1435. Basement complex.

San Gabrijel Oil - San Gabriel 1 (173) 32-4N-15W

Sidewall cored at 1875, 1979, and 2123. Decomposed granite.

Light gray with quartz, feldspar, mica and "iron' minerals.

. Rothschild - Wickham Ferrier 1 (174) 32-4N-15W

‘it Cored at 1635-1648. Serpentine schist, olive-green.

~Union - NL&F 2 (175) 22-4N-16W
K O.H, (original hole): Cored at 10,102-10, 115 (#2). Muscovite
i 3 granite to granodiorite. The rock contains large amounts of stvained

| é.nhedral quartz crystals, 0.2 to 2 mm across, with mortar and
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sutured grain boundaries, Muscovite is sheared and kink banded
and occurs as subhedral to anhedral grains 0.5 to 2.5 mm across.

‘Subhedral plagioclase (An, ) and potassium feldspar occur throughout

356
in addition to the quartz. There are a few subhedral hornblende

= ~ grains, 1 mm in length. The slide shows unsheared areas alternating
 with highly sheared zones. The thin section consists of approximately
45% quartz, 30% plagioclase, 20% potassium feldspar, 5% muscovite,
and a trace of hornblende.

RD (redrill): Cored at 10, 680-10, 682. Granijtic gneiss. The
rock varies from light to medium gray, and is medium- to coarse-
g:z;ystalline with some biotite streaks. There are clusters of medium-

grained pyrite qubes in the core.

Superior - Bonelli 14-23 (176) 23-4N-16W

* Q.H.: Cored at 8494-8515 (#11). Schist. Quartz grains are
cataclasfically deformed; the majority are anhedral and less than
0.2 mm acrass, The biotite is 0.1 to 0.8 mm long, greenish brown,
moderately pleochroic, and of metamorphic origin, Clusters of sub-
hedral muscovite are bent and strongly deformed. OQver 30% of the
thin section is made up of secondary calcite which is extensively
sheared and obscures much of the slide.

Cored at 8499-8532. Mica schist and white granitic fragments.
Low to medium grade metamorphic rock with biotite predominating

and thin quartz veins common.
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Cored at 8532-8542. White granitic fragments.

Cored at 8753-878). Granite. Varies in color from white to
pink, medium-crystalline slightly decomposed, accompanied by thin
parallel and converging layers of dark gray slate(?) or hard com-
pressed gouge(?).

Cored at 8781-8796. Mica schist. Predominantly a dark gray,
firm, low grade schist which has been fractured throughout. Has
irregular bands of decomppsed granite characterized by '"talc' and
badly weathered feldspar. One 8 inch piece of hard, medium-crysgtal-
line granite was recovered. Several fragments of breccia(?) were
-fc;und with a light gray, firm, clayey matrix and angular inclusions
of gray silt and clay(?); this may bé gouge.

* Cored at 8781-8796 (#9). Andalusite-sillimanite schist (Fig. 6).
The thin section is dominated by a mosaic texture of quartz, plagio-
clage (oligoclage), and biotite grains. The greenish brown biatite
also occurs in aggregates that are from 2 to 10 mm across. Porphy-
roblasts of andalusite, 1 to 5 mm across, are euhedral, 'freckled"
with possible garnet, poikiloblastic with inclusions of biotite, and
rimmed with muscoyvite, Sillimanite caonsists of long needle-like
crystals, 0.5 to 1.5 mm long together with very fine-crystalline
aggregates of fibrolite. The biotite and andalusite lack preferred

orientation, suggesting that they are post-kinematic. The thin section

consists of approximately 40% quartz, 25% plagioclase, 25% biotite,
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and 10% andalusite. This rock is correlated with the Placerita
Formation,

RD: Cored at 8030-8045. Schist. Dark gray, fractured, with
slickensided biotite. The rock has light gray quartz inclusions
throughout.

Mobil - Bermite 1 (180) 25-4N-16W

Cored at 4951-4964 and 4976-4984. Granite. Gray green with
large amopnt of pink feldspar, coarse-crystalline moderately hard
to frijable, and highly weathered. Throughout the core are fractures
which have been stained yellow, apparently by high gravity oil.

| Cored at 5001-5006. Granite. Gray green, highly weathared,
firm to friable. The yellow color of the core may be due to weather-
ing of minerals. No definite oil stain in core.

Cored at 5018-5029. Granite. Gray green with the top 2 feet
(0.6 m) highly weathered and friable, and the bottom 9 feet (3 m)
lesg weathered and firm to friable. No stain or oil ig found in the
granite or in the fractures.

x Cored at 5018-5043 (#5). Altered granodiorite (Fig. 7). The
original texture was coarse-crystalline granodiorite, later altered
and moderately sheared. Anhedral quartz is strained and sheared,
and has undulatory extinction and sutured boundaries; it ranges in
size from 0,5 to 2 mm. The plagioclase (An35) has been extensively

deformed; it is now subhedral to anhedral and 1 to 4.5 mm long.
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Potassium feldspar, 1 to 4 mm across, and greenish brown, euhedral
to subhedral biotite, 0.5 to 2 mm across with bent cleavages are also
found in the thin section. Secondary minerals include epidote which
rforrms within plagioclase and around biotite grains, carbonate which
:fills fractures, chlorite, and apatite, 1 to 4 mm across. The igneous
~ and broken texture of the rock is interrppted in a few places where
Lk_sl_hea,ring has formed interstices that were later filled with unsheared
carbonate. The thin section is composed of approximately 50%
"plagioclase, 30% quartz, 10% potassium feldspar, and 10% biotite.
"This description fits well with Oakeshott's (1958) biotite granodiorite
f’w‘l‘l,,ich is one of the most extensive units cropping out in the western

o San Gabriel Mountains south of the San Gabriel fault.

Mobil - Circle J 2 (186) 26-4N-16W

* . Cored at 6070-6082. Sheared granite (Fig. 8). Plagioclase

o (A.n3.5), potassium feldspar, and bictite occur as subhedral to anhed-
ral grains ranging in size from 1 to 5 mm. The potasgium feldspar
is microcline-perthite. The feldspar cleavage is altered and frac-

. tured, while the crystals themselves are commonly altered to clays.
The rock is sheared with grains frem 0.1 to 1 mm across; this is

* also visible in the hand specimen. Minor amounts of chlorite and
epidote occur in the rock., The thin section consists of approximately
5’0% plagioclase, 25% quartz, 15% pbtassium feldspar, and 10%

‘lg,i,,otit.e.
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_1\_/_1_9_bi_l - H&M 1 (187) 27-4N-16W

Cored at 7453-7461 and 7465-7476. Schist, Dark green,
goarse-grained, micaceons, chloritic, hard, with high-angle frac-
tures.

* Cored at 7453-7465 (#1). Biotite-actinolite schist (Fig. 9).
Consists of aggregates ranging from 1.5 to 5.5 mm across of biotite
and actinolite, Biotite is euhedral to anhedral, 0,5 to 2 mm across,
and has some bent cleavages. Actinolite is primarily anhedral, 1 to
3 5 mm in length, high relief, has inclusions of biotite, and is highly
g ractured, Agccessory minerals include apatite and magnetite. The
"th.in section consists of approximately 55% actinolite, 40% biotite,
and 5% plagioclase.

* Cored at 7465-7485 (#2 and #4). Biotite-actinolite schist.
Amphibale grains are deformed cataclastically, whereas the rela-

~ tively uncommon twinned plagioclase grains have been extensively
saugsuritized, Aggregates of biotite and actinolite, 0.5 to 2.5 mm
across, appear schistose in places. The anhedral actinolite ig
smaller, 0,5 to 2 mm, and the brown biotite ranges from 0.3 to

- .1.5 mm long as euhedral to subhedral crystals. The thin section is
'. compoged of approximately 55% actinolite, 40% biotite, and 5%
plagioclase. These two cores are similar to Oakeghott's (1958)
~Vdessc:ription of biotite schist and amphibolite which he has included

in his diorite gneiss unit., These rocks were first considered to be



Figure 6. Superior - Bonelli 14-23 (176) 23-4N-16W, Cored at 38781-8796
.. (#9). Photomicrograph of an andalusite-sillimanite schist, Mosalc texture
‘ includes quartz, oligoclase and biotite. Three porphyroblasts of andalusite
'fimmed with muscovite appear in the center and lower right of the picture,

. Biotite.occurs between the two large porphyroblasts. Field of view iz 5 mm
dcross. Crossed nicols.

2

Figure 7. Mobil - Bermite 1 (180) 25-4N-16W. Cored at 5018-5043 (#5),

Photomicrograph of ap altered, coarse-crystalline granodiorite. Anhedral

-to subhedral biotite appears in center surrouuded by plagioclase, Minor

- amounts of potassium feldspar occur around the biotite in the lower cencral
Pért of the picture. Carbonate fills some fractures in the plagioclase,.

; Field of view is 5 mm across. Crossed nicols,
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Figure 8. Mobil -'Circle J 2 (186) 25-4N-16W. Cored at 6070-6082.
Photomicrograph of a sheared granite., Potassium feldspar is microclire-
perthite with cleavages fractured in places, lower right of picture. A zoue
of rounded cataclastic fragments in a matrix of gouge appears in upper part
of field extending from left to right. Feldspar and plagioclas= crystals are
cataclastically deformed. Field of view is 5 mm across. Crossed nicols.

v e . ,

Figure 9. Mobil - H&M 1 (187) 27-4N-16W, Cored at 7453-7465 (#i).

Photomicrograph of biotite-actinolite schist. Aggregates of biotite and
actinolite are common. Amphibole grains appear to be cataclastically
deformed. Field shows two generations of growth. TField of view is 5 mm
across. Plane light.
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similar in hand specimen to Pelona Schist as exposed in the Sierra
Pelona north of the San Gabriel fault. The core sample appears to
have a fairly high degree of schistosity; however, the mineralogy and
textural relations as seen in thin section, particularly the assqciation
of coarse-grained biotite and actinolite, suggest that the basement
rocks in the Mobil - H& M 1 (187) well are more likely correlative
to outcrops of biotite schist and amphibolite found in the western

San Gabriel Mountains.

Paleocene- Eocene

The oldest exposed sedimentary rocks in the Newhall area are
Eocene sandstones and siltstonés which crop out in Elsmere Canyon
(bla.te I). The outcrop extends south £of about 3/4 mile (1.2 km) and
;.s boqnded on the east by the post-Eocene and pre-Pliocene Whitney
~Canyon dip-slip fault. The fault jux‘taposes a large section, greater
than 6000 feet (1830 m), of Paleocene-Eocene strata to the west
against the basement complex of the western San Gabriel Mountains
to the east. No Eocene rocks have been found east of the fault.

The lowest exposed unit of the Eocene in Elsmere Canyon is a
thin conglomerate containing well-rounded granitic and gneissic
boulders derived from the nearby basement complex. The oyerlying
units consist of sandstone that is light to medium gray weathering

grayish orange, fine- to medium-grained, thick bedded, well
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indurated with graded bedding; and siltstone that is medium to dark
gray with limy concretions, and weathers light to medium brown
(Holloway, 1940; Oakeshott, 1958; Winterer and Durham, 1962).
The Eocene-Pliocene contact in Elsmere Canyon is a prominent
angular unconformity as it is throughout the subsurface of the New-
hall area.

The first to recognize th;a resemblance of the Elsmere Canyon
§trata to the Eocene Domengine Stage was Watts (1901). McMasters
(1933) formally introduced the name Llajas Formation for a middle
Eocene unit containing Domengine megafauna exposed in the Simi
Valley. Kew (1943) noted that the Eocene in Elsmere Canyon con-
tained numerous oil and tar seeps from fractured, less indurated
rocks. The correlation of part of the Elsmere Canyon sequence to
the type Llajas in the Simi Valley was made by Oakeshott (1958),
Based on megafauna, Winterer and Durham (1962) reported that the
Elsmere Canyon Eocene is probably middle to early late Eocene in
age with a megafauna similar to that of the Santiago Formation of the
Santa Ana Mountains (Woodring and Popence, 1945). This age is
comparable with Laiming's Foraminiferal B-1 zone which is corre-
lated with the Ulatisian Stage of Mallory (1959).

The thick Paleocene-Eocene sequence in the Newhall area is
based on the Continental - Phillips 1 (17) well (Cross sections F, O;

Plates XII, XXI) drilled in Whitney Canyon, approximately 1.5 miles
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. 5 km) north of the Eocene outcrop. This well penetrated a thick
vries'(5875 feet, 1790 m) of siltstone, claystone, sandstone and
nglomerate, and a small fault, before passing through the Whitney
aﬁyon fault into gneissic basement. Oakeshott (1958) interpreted

is section as directly overlying basement rocks (see the section on
e Whitney Canyoh fault). Oil industry foraminiferal data indicate

e fpllowing biostratigraphic correlations:

 ) 1325-3520 feet (405-1075 m) - Laiming B-zone, Ulatisian-
Penutian

| 2). '3520-5280 feet (1075-1610 m) - Laiming C-zone, Bulitian

3) 5280-5940 feet (1610-1810 rr;) - Laiming D-zone, upper
Ynezian (Schmidt, 1970)

4) 5940-7200 feet (1810-2195 m) - Indeterminate, barren section.
'I;he barren section below the upper Ynezian is primarily con-
omerate that is dark green to greenish gray, thick bedded, and hard,
with pebbles of igneous and metamorphic rock set in a matrix of
medium- to coarse-grained sandstone. This section may be correla-
tive with the Simi Conglomerate Member of the Calabasas Formation
exposed in the Simi Hills. The conglomerate in the Phillips 1 (17)
vell and the Simi Conglomerate are both unfossiliferous. In the area
ilﬁdjacent to the Santa Susana fault, the nonmarine Paleocene is found
Oﬁly south of the fault and is overlain disconformably by the Santa

Susana Formation. If the conglomerate in Continental - Phillips 1 (17)
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. g.correlative with the Simi Conglomerate, it would be the first
described occurrence of this member north of the Santa Susana fault.
Alternatively, the barren conglomerate section may be equivalent to

a;possible basal conglomerate section of the Santa Susana Formation

‘eats and others, 1977; Lant, 1977) south of the Santa Susana fault.

. Overl}ring the Paleocene conglomerate section is a sequence of
giltstone, sandstone, and conglomerate. The lowermost 1000 feet
(3,,_0,5) m) of dark gray to steel-gray siltstone is thick bedded, hard,
brittle, and has traces of sandstone and conglomerate. The middle
sa‘nd‘stone unit is light gray, hard, and is interbedded with conglomer-
te consisting of boulders and pebbles of granite and syenite. Over-
lying the sandstone is a section of limy siltstone that is interbedded
cally with steel blue-gray claystone. This section is apparently
equivalent in part to the Santa Susana Formation based on lithology

' &nd paleontology; this formation also was previously undescribed
north of the Santa Susana fault. The sequence in the Continental -
Phillips 1 (17) well and the Santa Susana Formation are both thick
bedded gray siltstone interbedded with sandstone; however, one of
the more distinguishing similarities of the two is the steel gray to
steel blue-gray color of the siltstone and interbedded claystone. In

- addition to the lithologic similarity, microfauna of the Bulitian and

- 'lo‘wer Penutian Stages were reported by Mallory (1959) in the Santa

Susana Formation in the Simi Valley and are also found in the



Phillips 1 (17) well.

The uppermost sequence of siltstone, sandstone, and conglomer -
>a,te in Caontinental - Phillips 1 (17) appears to be lithologically similar
“to the type Llajas Formation of the Simi Valley. This Eocene sequence
consists predominantly of siltstone that is dark gray, massive to
' ..poorly bedded, and silty to clayey. In the middle of the siltstone,
'v‘,there is a 600 foot (185 m) thick section of interbedded dark gray,
‘hard, limy siltstone and light gray thick bedded, fine- to coarse-
“grained, hard sandstone with some lenges of conglomerate. The
Llajas south of the Santa Susana fault is generally poorly sorted
sgiltstone, sandstone, and conglomerate. The difference between the
two sequences is that the Llajas contains megafossils and worm im-
pressions, featuresg not found in the Phillips 1 (17) well. Howell
(1974) concluded that the Eocene in this well is in part equivalent to
the shallow marine rocks found several miles south in the Simi
‘Valley. Furthermore, Ulatisian Stage microfauna are reported by
Mallory (1959) to be indicative of the Llajas Formation.

Most of the wells in the area that reach the Eocene extend no
more than a fewy hundred feet into it. However, there are two excep-
tions where pver 1000 feet (305 m) of Eocene have been drilled, but
in these wells, little paleontology has been done. The Mobil - Circle
J 1 (185) (Cross sections F, J; Plates XII, XVI), contained foramini-

fera identified as upper Llajas (Laiming's B-1A zone or Ulatisian
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‘Stage of Mallory, 1959). Cross Section F (Plate XII) illustrates the
relationship between the thick Paleocene-Eocene sequence in Conti-
nental - Phillips L (17) and the Eocene in Mobil - Circle J 1 (185).
Between Mobil - Circle J 1 (185) and Mobil - H&M 1 (187), a fault

- juxtaposes Eocene Ulatisian Stage strata against basement rocks,

tively the same thickness as in the Continental - Phillips 1 (17) well
to the southeast, An unconformity between these two wells would be
possible only if the Ulatisian strata overlapped the Bulitian and
Ynezian beds between the Phillips 1 (17‘) and the Circle J 1 (185) wells
tdfrest directly on the basement. The subcrop map also indicates a
possible contact between Eocene and nonmarine strata if this latter
?elationshiﬁ exists; this is shown by short dashed lines curving
towards the west. In this report, the Eocene in the Newhall area is
nterpreted to be dawn-dropped on the west by the Whitney Canyon
ault and on the south by the unnamed fault south of the San Gabriel

ault betwegn the Circle J 1 (185) and H&«M 1 (187) wells, resulting




nonmarine sequence directly overlies Eocene rocks and is itself

v overlain nnconformably by Miocene and Pliocene strata. Various
names have been applied to these rocks, including the Mint Canyon
Formation (Daviess, 1942) and the '""Sespe(?)' Formation (Winterer
and Durham, 1962) based on lithology and stratigraphic position.

2 The thickest described section of the unnamed nonmarine se-
quence is south of Newhall in the British American - Edwina 1 (73)
- smell (Cross sections A, J; Plates VII, XVI) where over 2000 feet

610 m) were drilled. The sequence in that well consists of siltstone

—~——

that varies from brown tp red to green and is soft, angular, and
fﬂ;mry; sandstone that is red, green, and blue, fine- to coarse-
grained, siity, poprly sorted, with some bentonite; and interbeds of

- pebhle conglomerate that vary from green gray to mottled red brown
and blue gray with a silty sand matrix. One other well penetrates a
‘large section of these nonmarine rocks--Basenberg - Hamilton 1 (92)
(Cross segtion A; Plate VII); however, only the upper few hundred
feet of the 3600 foot (2000 m) section were described and recorded
in the drillers log. Also the nonmarine sequence in that well may be _
‘repeated by the Beacon fault. Geologists have applied the name
"Mint Canyon'' informally to these rocks based on a few lithologic
-similaritips. The Mint Canyon Formation directly across the San
“Gabriel fault consists primarily of light gray, thin-bedded lacustrine

‘8iltstone and volcanic tuff interbedded with light gray fluviatile
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gsandstone and conglomerate. Also, the microfauna (ostracods and
rare forams) and megafauna (gastropods and fish remains) found in
the outcrop and in well samples are not present in the unnamed non-
marine sequence. The lower half of the Mint Canyagn, exposed north-
east of the area, consists of poorly sorted, reddish brown sandstone,
conglomerate, and siltstone units., However, the nonmarine strata
south of the fault are not as extensively conglomeratic as the lower
half of the Mint Canyon. The most striking similarity between the
two rock units is the presence of local beds of blue to blue gray
bentonite. Crowell's (1952) hypothesis involving large right-lateral
5 diéplacement on the San Gabriel fault makes the use of the term
“"Mint Ganyon'' inappropriate for this sequence southwest of the fault.

Winterer and Durham (1962) tentatively assigned the nonmarine
- sequence to the '""Sespe(?)'"" Formation based on its stratigraphic posi-
tion. The nearest exposure of the Sespe to the Newhall area is sev-
“eral miles to the west in the central Santa Susana Mountains south
of the Santa Susana fault (Ricketts and Whaley, 1975; Yeats and others,
1977). Typical Sespe in that area consists of light gray to maroon
siltstone, sandstone, and conglomerate with rare interbeds of gray
green siltstpne. Both the Sespe and the nonmarine sequence are
unfossiliferous and were deposited between the Eocene and late
Miocene, Howeyer, the unnamed nonmarine sequence commonly

contains thin beds of bentonite, which are unknown in the Sespe.
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On the north flank of the Pico anticline, rocks of the Topanga
Formation occur in the same area as the unnamed nonmarine se-
quence (Cross section E; Plate XI) but are not in contact with it. The
Topanga in the avea consists of marine sedimentary rocks; however,
7 miles (11 km) southeast of the mapped area in Pacoima Hills,
Oakeshott (1958) described a section of unfossiliferous nonmarine
Topanga rocks, The section consists of coarse-grained, reddish
arkosic sandstone and conglomerate interbedded with basalt flows.
The nonmarine Topanga differs from the nonmarine sequence in the
Newhall area litholaogically; the nonmarine sequence is composed of
variegated sandstone and:siltstone units which are brown, red, green,
and blue in coloy, whereas the nonmarine Topanga is composed of
reddish brown, pale red, light red arkosic sandstone and pebble
conglomerate in an arkosic matrix which is interbedded with basalt
flows.

The unnamed nonmarine sequence does not appear to be similar
in lithology to either the Sespe or the nonmarine Topanga Formations.
The fact that both the Mint Canyon Formation and the nonmarine se-
quence southwest of the San Gabriel fault contain local beds of benton-
ite makes this correlation the most likely based on lithology. How-
ever, because the two units do not have any other definitive lithologic
similarities and because the Mint Canyon is in part fossiliferous, I

have not correlated the sequence to the Mint Canyon but have referred
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to it as the "unnamed nonmarine sequence."

Mint Canyon Formation

The Mint Canyon Formation was named by Kew (1923, 1924)
for a series qf nonmarine strata which had previously been described
by Hershey (1902) as the '"Mellenia series'' east of the San .Gabriel
fault in the Soledad basin. Jahns (1940) reassigned the lower part of
Kew's '"Mint Canyon"' to the Tick Canyon Formation based upon the
presence of an angular unconformity separating different lithologies
and different vertebrate faunas. The Mint Canyon was subdivided by
Durham, Jahns and Savage (1954)2 into a '"Lower variegated member"
and an "Upper gray member, ' each containing vertebrate faunas of
different ages. The formation was subdivided by Morrison (1958)
into a lower member, sandy member, landslide member, tuff-bearing
membher, and lacustrine member. The Mint Canyon is most extensive
in the central Soledad basin where it is over 9000 feet (2745 m) thick
(Morrison, 1958).

Mint Canyon strata crop out east of the San Gabriel fault in the
thesis area (Plate I). The exposuxes correspond to Morrison'é (1958)
tuff-bearing and lacustrine members which are found at the top of the
formation. The tuff-bearing unit is composed of generally arkosic
sandstone, siltstone, sandy conglomerate, and conglomerate that are

light brown to white, sub-angular to angular, with several vitreous
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_iuffs.and locally thin beds of tuffaceous sandstone. These rocks were
f’deposited in both lacustrine and fluviatile environments in which the
continuous and well bedded tuffs were water-laid, and the sandier
tuffs and tuffaceous sandstones were reworked by streams (Daviess,

: 1942). The uppermost lacustrine member consists of sandstone that
is generally thick bedded, buff, sub-angular and coarse-grained, and
iix?.,s laocal well-rounded pebbles and streaks of pebble conglomerate.

. The fluviatile sandstone exhibits cross-hbedding and channel-fill
’at'ructures. Alternating with the sandstone unit is dark gray to dark
brown, shaly siltstone which occurs as thin laminations with gastro-
.pods and ostracods commonly found. The uppermost Mint Canyon
records a time of lacustrine deposAition in which streams introduced
“sand and gravel into the sjlty, lacustrine sediments.

The largest section of Mint Canyon strata drilled in the area
~was in Lago Vista - Roland 1 (105) (Cross section I; Plate XV) in
which over 5000 feet (1525 m) of the "Upper gray member' of Durham
and others (1954) was penetrated. The lowest unit in the well con-
sists of light to medium gray, fine-grained sandstone that is clayey,
angular, and friable with streaks of well-sorted, dark gray siltstone
and silty shale. Fluviatile characteristics in the unit include cross-
bedding and ripple marks. The presence of streaks of variegated sand
suggests that these lower rocks are in the transition zone between the

upper and lower members of Durham and others (1954). The overlying
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gection of 3500 feet (1070 m) of sandstone, claystone, and shale,
corresponds best with the lacustrine and tuff-bearing members of
Morrison (1958), though no tuffs oxr tuffaceous sandstones have been
cored in the area. The sandstone is light gray, fine- to coarse-
grained, friable, thick bedded, fair to poorly sorted, angular to sub-
rounded, and locally arkosic. The uppermost strata in several wells,
e.g. Terminal Drilling - Independent Ghiggia 1 (178) (Cross sections
H, L; Plates XIV, XVIII), are lacustrine and consist aof interbedded

shale and claystone with interlaminations of light gray, silty sand.

‘The shale is dark brown to light blue, silty, bentonitic, fractured

and slickensided, and it also contains ribbons of gray to white chert
and fresh to brackish water ostracods. Claystone is greenish gray to
dark gray, massive to laminated, micromicaceous, bentonitic, frac- .
tured, and contains gastropod's, ostracods, fish remains, and
carbonaceous material.

The lower Mint Canyon Formation has not been drilled in the
mapped area. In autcrops northeast of the area, this section con-
gists of brightly colored, poorly scorted, fine- to coarse-grained,
red-brown conglomerate and breccia (Oakeshott, 1958).

There has been a general lack of consistency in dating the Mint
Canyon Formation using invertebrate and vertebrate faunas. Durham
and others (1954) point out that megafaunas in the formation range in

age from late Miocene to early Pliocene. Rare forams in Lago
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Vista - Roland 1 (105) have been reported by the operator as Mohnian
(late Miocene). The age of the Mint Canyon is middle to late Miocene,
Barstovian to Clarendonian marnmalian age (Woodburne, 1975), which
is consistent with the stratigraphic relations to underlying and over-

lying formations in the Soledad basin.

Topanga Formation

The middle Miocene Topanga Formation is found in the sub-
surface only beneath the Pico anticline in the southwestern part of
the area (Plate I); the nearest exposure crops out about one mile south
at Aliso Canyon in the core of the Oat Mountain anticline., Within the
Santa Susana Mountains, the Topanga has been found only in the hang-
ing-wall block of the Santa Susana fault, as based on subsurface work
in the Aliso Canyon area (Lant, 1977) and the Mormon Canyon area
(Yeats and others, 1977). The Topanga and the overlying Modelo
Formation appear to be conformable in both the Pico anticline and in
the Santa Susana fault area (Saul, 1975; Lant, 1977).

In the subsurface of the mapped area, the lower Modela and
upper Topanga are characterized by interbedded sandstone and shale.
The contact between the two occurs approximately at the contact be-
tween shaleg, siltstone, and chert of the Modelo and sandstone and
conglomerate of the Topanga in the hanging wall block of the Santa

Susana fault. The upper Topanga sandstone contains local basalt flow
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in the hanging wall block; it may be in part equivalent to the basal
Modelo sandstone that rests unconformably on pre-Topanga rocks in
- the footwall block of the fault,

The Topanga is characterized by interbedded sandstone and
silty to sandy shale and an amygdaloidal basalt flow in the subsurface.
" In Chevron - Orcutt Trustee 2-1 (213) an unknown thickness of hard
._' basalt, at least 50 feet (15 m) or more, was cored (Cross section E;
Plate XI), An expogure of basalt near Mormon Canyon, just west of

- Aliso Canyon, was potassium-argon dated by Turner (1970) as 14 + 1

million years; this may be the same flow as that found in the Chevron -

Orcutt Trustee 2-1 (213) well.

Modelo Formation

The Modelo Formation is widespread in the eastern Venturva
basin but is not present in the Soledad basin. The Modelo crops out
in the southwest part of the Newhall area (Plate I) along the axis of the
bi'Pico anticline and along the crest of the Santa Susana Mountains. It
is found in the subsurface west of a line that runs through the towns

of Saugus and Newhall (Plate IV) where the Modelo wedges out against
an erosion surface cut on the unnamed nonmarine sequence. The
Modelo has a distinctive electric log character of short wavelength,
‘high amplitude peaks of resistivity and spontaneous potential. The

Towsley overlies the Modelo conformably. Many wells penetrate the
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‘pase of the Modelo (Cross sections B, C, E, F, J, N; Plates VIII,
ilx, XI, XII, XV1, XX). The Modelo overlies the Topanga conform-
ably to the southwegst and the basement unconformably to the north-
weét. The Modelo is naot found to be in contact with the Eocene in
f,t‘he Newhall area although there may be a contact west of Mobil -
ircle J 1 (185). The Modelo apparently overlies unconformably the
ault contact between basement and Eocene-nenmarine in the northern
part of the area. The Modelo is not found at all northeast of the San
Gabriel fanlt, although Mohnian forams (?) are reported from the
Mi-,nt Canyon in the Lago Vista - Roland 1 (105) well by the operator.
The Miocene Modelo Formation was divided in its type area into
four membens by Eldridge and Arnold (1907): a lower sandstone,
lcéwer shale, upper sandstone, and upper shale. In 1924 Kew re-
defined the Modelo to include the units correlated by Eldridge and
Arnold as Vaqueros and part éf the later defined Towsley Farmation
of; Winterer and Durham (1954). Subsequent paleontological work by

l‘;Iud,son and Craig (1929) caused another redefinition of the Modelo,

Bray to grayish orange, weather medium brown, and are diatomace-

Layers of silty to coarse-grained sandstone are interbedded

E—— e —— o
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locally in the shale and generally have graded beds similar to the

sandstone in the overlying Towsley Formation. The upper exposed

unit also locally has gray limestone concretions or thin phosphatic

g
i
}

nodules which commonly contain fish remains.

A few wells in the southwest part of the area penetrated a full
section of Modelo; however, it is nearly impossible to determine the
true thickness because of strong folding, 40-85° dips, and the general
ductile character of the shalier units. Mobil - Mendota 1 (212) (Cross
‘gection E; Plate X) penetrated over 5000 feet (1525 m) of Modelo
‘overlying interbedded sandstone and shale of the Topanga Formation.
:The basal Modelo sandstone is medium brown, fine- to coarse-
grained, silty, fairly to well graded, oil stained, and probably a

few hundred feet thick, An extensive shale unit gverlies the basal
sandstone; this may be correlative with the middle shale member of

- Eldridge and Arnold (1907). The shale is dark gray brown, hard,
fissile, fractured, has arenaceous forams and fish remains; it is
streaked with thinly laminated chert and is interbedded with local
hard, fine- to medium-grained, gray sandstone, This unit is in-
tensely folded, and bedding plane slips are common. Overlying the
shale is sandstone that is brown to gray, medium- to coarse-grained,
'y'well sorted to fairly sorted, oil stained, friable, angular to sub-

rounded, arkosic and conglomeratic. The sandstones are interbedded

- With siltstones that contain abundant forams, and with subordinate
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amounts of cherty shale and li;"nestone. The sandstone interbeds
- common to the upper part of the Modelo are characteristic of proxi-
mal turbidites.
Between the Pico anticline and Weldon Canyon (Plate I) there
_is an abrupt change in the thickness of the Modelo Formation. Cross
_ Section N (Plate XX) illustrates the relationship of a section of lower
a,nd upper Mphnian strata greater than 6000 feet (1830 m) thick in
: Texaco - Eadie 1 (97) to a thinner section of lower and upper Mahnian,
less than 1000 feet (305 m) thick, in Texaco - Eadie 2 (98) about 1/3
mile (0.5 km) tp the northeast. Whether this area was controlled by
a -strike-slip faulf or was a marginal area that was tightly folded is
unclear.

The upper Modelo west of Newhall contains a late Mohnian
fauna. Winterer and Durham (1962) suggested that the presence of
a west-facing submarine slope against which the late Miocene strata
were depasited would explain the subsurface distribution and thickness
6f the Modelo. In Von Glahn - Lassalle 1 (210) (Cross section A, E;
Plates VII, XI), only the upper shale and sandstone members of the
Modelo are found overlying the nonmarine -sequence. Farther to the
north, the formation consists solely of interbedded sandy shale and
VSandstone, North of the Holser fault, the Modelo contains a basal
conglomerate above the basgment (Union - NL& F 2 (175), Cross sec-

tion F; Plate XII) which is partially similar to that found in the Honor
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Rancho area to the northwest (Schlaefer, 1978), but differs in that it

does not contain angular breccia. Specht (1969) concluded in a study

of the Castaic Junction oil field northeast of Sangus that channel

trends within the Modelo indicate an easterly source.

Towsley Formation

The Towsley Formation was originally named by Winterer and
‘Durham (1951) for a sequence of brown-weathering siltstpne, sand-

; stone, and mudstone which crops out north of the Santa Susana Moun-
Ttains and lies hetween the Modelo and Pico Formations (Plate I),
“Kew (1924) had previeusly mapped the strata as a member of the
Modelo Farmation in the Santa Susana Mountains and as a member of
" the Pico Formation in Elsmere Canyon. Oakeshott (1950) mapped

- the upper half of the Towsley as Pico in Elsmere Canyon and named

: the lower half the Elsmere member of the Repetto Formation. Kern
(1973) later subdivided the Towsley in Elsmere Canyon into an upper
and a lower unit.

In the Santa Susana Mountains, the Towsley Formation consists
of siltstone, mudstong, and shale interbedded with lenticular sand-
stone and conglomerate. The sandy mudstone weathers chocolate
brown, is poarly sorted, and contains ellipsoidal limy cancretians,
The sandstone and conglomerate are lenticular and variable in thick-

hess and are generally difficult to trace as individual beds for more
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i ‘ than a few hundred yards. The poorly sorted sandstone and con-

glomerate beds have graded bedding, and the contacts with overlying

beds are abrupt. Other sedimentary structures found in the area are

and small cut-and-fill structures. To the east, in Elsmere Canyan,

“of the fault. The remainder of the lower unit is composed of siltstone,

“the west it unconfonmably overlies Eocene sedimentary rocks. The
upper unit in the area copnsists of siltstone and mudstone that are well
indurated, poorly bedded, fossiliferous, and tar- and oil-stained.
This unit corresponds to the lower Kraft shale zone of the Placerita

0il field abaut two miles (3.2 km) to the north (Willis, 1952). The
upper ynit also contains a sandstone and conglomerate tongne that
3

interfingers with the overlying Pico. This tongue grades laterally

to the west into siltstone, sandstone, and conglomerate and also

.§rades upward intg the basal Pico.
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ghale are sandy, micaceous, thick bedded, friable, with thin streaks

of fine-grained gray sandstone. The sandstone units are fine- to

medium-grained, fairly to poorly sorted, friable, and micaceous,
‘with carbonaceous and bituminous material, Several wells, cf.

Cross Sections O, F (Plates IX, XII), drill through a basal Towsley
sandstone and conglomerate unit consisting of igneous pebbles to
cabbles, a sandy matrix, and some oil-stained interbedded sandstone.
This conglomerate unit is correlated with the Hasley conglomerate
which is well exposed at the base of the Towsley in the Santa Susana
Mountains. The Hasley conglomerate is an informal name for a
basal member of the Towsley exposed several miles to the west in
Hasley Canyon, Toward the east, the Towsley siltstone and shale
grade laterally and upsection into more dominantly sandy siltstone

- and sandstone,

' The age of the Towsley is based on relatively scarce Delmontian
foraminifera collected at the base of the formation in Towsley Canyon
immediately above lower Mohnian forams assigned to the Modelo
(Winterer and Durham, 1962). In Elsmere Canyon, megafauna identi-
fied as early Pliocene are fqund throughout the Towsley (¢f. Winterer
‘and Durham, 1962; Addicott, 1970; and Kern, 1973). Kern has sum-
;’fnarized the megafossil chronology that has developed over many
Years for the Elsmere fauna. The Elsmere fauna is represented by

mollusks and echinoids, most of which are found in raocks of Pliocene
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and younger age in the California Coast Ranges. However, Kern
(1973) noted that there are scattered species of definite Miocene age
in the Elsmere Canyon fauna. The Miocene-Pliocene boundary occurs
within the Towgley Formation but it is identified only at a few locali-
ties. Winterer and Durham (1962) placed the Miocene-Pliocene
boundary in Towsley Ganyqn about 500 to 1000 feet (150-305 m) above
the base of the formation, Furthermore, it is estimated that the
basal Towsley in Elsmere Canyon, 4.3 miles (7 km) to the east, is
1500 feet (460 m) stratigraphically higher than the base in Towsley
Ganyon; therefore, the basal rocks in Elsmere Canyon ave probably
of Pliocene age. Throughout the subsurface of the area, there are
many problems invqlved in accurately determining the Miocene-
Pliocene boundary, Paleontological determinations in the qil industry
are based on many species defining the same stages and epochs; one
company uses one index fossil to determine a boundary while another
company uses a different species. The microfaunal determination
of ""Miocene' in much of the subsurface Towsley is provincial termi-

nology used by industry and does not necessarily refer to beds equiva-

lent in age to the type Miocene. Therefore, trying to draw a boundary

using different industry sources results in a Miocene-Pliocene

boundary that varies up to a thousand feet (305 m) stratigraphically.

8ee Crogs Section C (Plate IX) wells (208), (209), and (211).

The Towsley in the Newhall area was deposited in water that
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varied from deep to shallow. For many years Pliocene basins in
i California were believed to have been developed under shallow water
environments hased on the volume of coarse clastic deposits and
shallow water megafossils found in the centens of the basins (cf.
Reed, 1933). Haowever, benthic foraminiferal faunas in the Ventura
basin indicate that depths ranged from 2000 to 5000 feet (610-1525 m)
~ in the central, deeper parts of this basin (Natland, 1957). Woodring
and Trumbell identified mollusks (in Winterer and Durham, 1962)
- from the Santa Susana Mountains that lived in 60 to 600 feet (20-180 m)
of water. These megafossils were found in coarse-grained, graded
sandstone and conglomerate units which indicate they were transported
by turbidity currents downslope into deeper water after death. Also
in the southern part of the thesis area, there are intraformational
breccias in the Towsley which contain siltstone and sandstone frag-
ments. Most of these breccias appear to have been transported from
sources several miles upslope (Winterer and Durham, 1962). The
Pliocene depositional environment was primarily shallow marine in
Elsmere Canyon. The lower part of the Towsley there was deposited
on a surface of low relief, and the upper siltstones were deposited on
an irregular surface because of the turbulent, shallow water environ-
mént. Kern (1é73) believes that the Towsley in Elsmere Canyon was
deposited about a mile or so off an exposed shore, based on large

scale cross beds and channels found in the area.
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Towsley-Pico Undiffgrentiated

The Towsley and FPico Formations are two lithologically and
faunally distinct units in much of the east Ventura basin, Diagnostic
' foraminifera for these two formations are relatively rare in the
Newhall area, especially in the eastern half which is near the edge
of the basin. The most apparent lithologic distinction between the
two is their color: the Towsley characteristically weathers hrown,
and the Pico is primarily gray green and greenish gray in the out-
crop, Winterer and Durham (1962, p. 308) place the Towsley-Pico
cantact ''at the base of the first prominent sandstone or conglomerate
Lmit below the lowest bed of olive-gray concretion-bearing soft silt-
vstone, " However, in the suk?surface of the area this relationship does
ﬁot apply; the Towsley and Pico siltstones cannot be differentiated
von the basis of color. Drillers' logs and core descriptions of the
upper Towsley and lower Pico commonly describe the section as
being gray green to gray sand, siltstone, and shale (cf. Mobil -
Circle J 2 (186), Cross sections G, J; Plates XII, XVI). Where there
is no definitive microfauna or lithologic descriptions, the sequence
of rocks is identified as Towsley-Pico undifferentiated (Tt-p).

The contact between the Towsley and Pico in the subsurface is
believed to be conformable and gradational throughout most of the
Newhall area. This ig partially the reason why it is difficult to

‘separate the formations in the subsurface where siltstone comprises
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- the upper Towsley and lower Pico. Toward the east, where shallower

= @' water depositional conditions existed, there is exposed a local uncon-
q. . formity between the two formations which is not evident in the sub-+

., 0 ' gurface. The base of the Pico in San Fernando Pass is sandstone

: ‘%*  and conglomerate which interfinger with brown-weathering siltstone
of the Towsley., North and east of the Beacon fault in Elsmere and
Whitney Canyons, the units are separated by an unconformity. In

e Plagerita Canyon, the Pico Formation overlaps the Towsley com-

pletely and lies directly on basement rocks (Plate I).

East of the San Gabriel fault in the Soledad basgin, there is a

‘:, railroad cut which has been mapped by Oakeshott (1958) as Repetto
and by Winterer and Durham (1962) as Tpwsley. Winterer and
Durham (1962) correlated this oﬁtcrop with the lower Towsley
(Oakeshott's Elsmere Member of the Repetto Formation) exposed

; in Elsmere Canyon on the basis of lithalogy an& stratigraphic position.
However, in this paper the outcrop is identified as Towsley-Pico
g'undiffeyentiated (Plate I) because there are neithen conclusive litho-
logic similarities nor fossils identified which are unique to the

A Towsley Formation in Elsmere Canyon. The Tqwsley-Pico undiffere-
| entiated sequence in the railroad cut lies unconformably on the Mint
Canypn Formation and is overlain unconformably by the Sunshine

Ranch Member of the Saugus Formation. The outcrop is light olive

5
P~ ' gray silty sandstone, and sandy siltsone with some fossiliferous
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material. The fauna identified from the outcrop consists of moderate
depth, shallow to moderate depth, and shallow water species. Furth-
ermore, in Texac¢o - NL& F H-1 (179) (Cross sections H, I, J; Plates
X1V, XV, XVI) a thin sequence overlying Mint Canyon, strata has

been identified as Pliocene or latest Miocene in age and is reported
to contain faunules identified as Pico in Mobil - Circle J 1 (185)
(Cross sectiaons F, J; Plates XII, SVI) of the Ventura basin, This

section appears to correlate with the railroad cut to the east (Cross

gpection I; Plate XV). Therefore, without substantial proof, it is
more appropriate to map the railroad cut and the section in Texaco -

NL& F H-1 (179) as Towsley-Pico undifferentiated,

Pico Formation

The first published description of Pliocene strata was made
: . by Eldridge and Arnold (1903) from outcrops in the Santa Clara Valley.
.:l They introduced the name ""Fernando Formation'' for these beds,
Kew (1924) divided the Fernando into the Pico and Saugus Formations
of the Fernando Group. The Pico was applied as a formation name
on the basis of distinctive exposures of marine siltstone, sandstone,
and conglomerate in Pico Canyon four miles (6.5 km) west of Newhall.
Further work hy Kew (1932) and Reed (1933) led to Kew redefining

the Pico Formation as middle to late Pliocene age and applying the

name ''Repettp Formation' to the underlying early Pliocene strata.
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Winterer and Durham (1962) have since renamed the '""Repetto' in

the Ventura basin as the Towsley Formation because the type Repetto
in the Los Angeles basin could not be correlated with the '"Repetto'

of this area. Natland and Rothwell (1954) divided the Pico of the

Los Angeles and Ventura basins into two benthic foraminiferal stages,

the Venturian (lower Pico, middle Pliocene) and the Wheelerian (upper

Rico, late Pliocene). However, these stages are not apparent either in
in outcrop or well cores in the area. The term '"Pico Formation'' is
used in this report to describe the marine sequence of rocks which
overlie the Towsley Faormation in the Newhall area.

The Pico Formation crops out in a large arc around the Newhall
area; it extends southeast along the northern Santa Susana Mountains
and east through Elsmere, Whitney, and Placerita Canyons (Plate I).
The Pigp becpmes coarse-grained in the southwestern corner of the
i mapped area, the olive gray siltstone and sandy siltstone giving way
to tongues of graded and cross-stratified sandstone and conglomerate.
As San Fernando Pass is approached, the siltstone is progressively
lower stratigraphically in the formation and occurs in lesser amounts.
From San Fernando Pass towards Whitney Canyon the Rico is com-
posed almost entirely of cross-stratified sandstone and conglomerate
which interfinger with the underlying Towsley. In the Elsmere Canyon

& ' area, the coarse-grained, cream colored to yellow brown sandstone

i and light brown conglomerate beds are lenticular in shape.
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Conglomerate beds in the lower part of the Pico are tar soaked and
are probably correlative with the upper Kraft zone in the Placerita
oil field to the north (Tudor, 1962). The Pico overlaps the Towsley
and rests directly on crystalline rocks in the Placerita Canyon area.
The lower Pico there consists of lenticular, brown gray conglomerate
and cross-stratified, cream colored pebbly sandstone, and the upper
Pico in this area is composed of brown gray siltstone and silty sand-
stone.

The general west to east coarsening of grain size in the Pico,
exposed in the outcrop, is also evident in the subsurface. For ex-
ample, in Cross Section F (Plate XII), the upper Pico becomes in-
creasingly coarser grained towards the east as based on core de-
scriptions and electric log character. In Mobil - H M 1 (187),
drilled aboyt 2 miles (3,2 km) north of Newhall, the Picq is pre-
dominantly gray brown to gray siltstone and silty shale, both of
which are bjotitic and clayey, with abundant shell fragments. Within
the siltstone units are local interbeds of sandstone and pebbly con-
glomerate which increase in number and thickness stratigraphically
upsection and eastward,

Two miles (3.2 km) west of the thesis area, in Towsley CGanyon,
| ‘the Pico was depasited in deep water (2000-3000 feat, 610-9156 m)
which shoaled from 1600 to 600 feet (490-185 m) in depth at the time

of upper Pico deposition (Winterer and Durham, 1962). Winterer
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and Durham also presented evidence that to the east, in Gavin Canyaun
(Plate I), the water was never much deeper than 1500 feet (460 m)
and may have begn shallower. Foraminifera collected in this area
also show evidence of increased water temperature towards the top
of the Pico. Graded bedding in the sandstone and conglomerate units
of the Santa Susana Mountains and in well cores (¢f. Mobil - Hx M 1
(187)) are indicative of turbidity current deposition. Megafossils in
the vicinity of Towsley and Pico Canyons are shallow, moderate, and
deep water faunas brought tpgether after death by turbidity currents.
The source area of the gshallow marine faupas apparently was tao the
east, directly adjacent to an exposed shore.

The relationship of the uppermarine Pico Formation with the
overlying Saugus Formation is not clearly understood in the Newhall
~area. Hazzard (in Oakeshott, 1958) introduced the term ''Sunshine
Ranch formation'' for interfingering marine, brackish water, and non-

marine beds above the Pico in the San Fernapdo Valley. Winterer
and Durham (1958) redefined the Sunshine Ranch as the lower member
of the Saugus Formation, In the San Fernando Valley, the Pico and
Sunshine Ranch are differentiated by a noticeable change in color: the
‘viil"jico olive gray siltstone grades into greenish gray siltstone and sand-
-'stone of the Sunshine Ranch. However, in the Newhall area, the
- Sunshine Ranch consists of interbedded greenish gray and reddish

: brown siltstone and sandstone which cannot be separated accurately
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from the qverlying continental Saugus rocks. Without the Pico
siltstone present in the eastern part of the Ventura basin and without
the definitive color change between the Pico and the Sunshine Ranch

1 | Member, it is very possible that beds mapped as marine Pico may
actually be stratigraphically equivalent to the marine Sunshine Ranch
i of the San Fernando Valley. In other words, part of the upper Pico
and lower Saugus may be coeval. Figure 10 shaws the relationship
between the depositional environments of the Pico and the Saugus

Fqormations.

Saugus Formation

Hershey (1902) introduced the term Saugus Formation to identify
a series of exposures in Soledad Canyon north of the town of Saugus.
The Saugus waps later defined by Kew (1924) as the upper part of the
Fernando Group, Winterer and Durham (1958; 1962) divided the
Saugus Formation into two members: a lower marine to brackish
water Sunshine Ranch Member and an upper unnamed nonmarine
member.

The relationship of the Sunshine Ranch Member with the under-
'lying Pico Formation is not clearly delineated in the eastern Ventura
basin, as already discussed, because of the variable lithology and
the interfingering and gradational contact hetween the two units,

Winterer and Qurkam (1962) place the contact rather arbitrarily at
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PICO FORMATION : SAUGUS FORMATION
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the upper limit of the abundantly fossiliferous beds of the Pico. In
the Newhall area, the Saugus consists primarily of light colopred,
loosely consolidated, indistinctly bedded, poorly sorted conglomerate,
conglomeratic sandstone, and sandstone. Interbeds of green gray
siltstone, silty sandstone, and light brown to reddish brown sandy
siltstone and claystone are common. The greenish gray interbeds,
possibly represgentative of the Sunshine Ranch, are most often found
in the lower Saugus, whereas the red brown beds are greatest in
number in the nonmarine ypper units, East of the San Gabyiel fault,
Oakeshott (1958) and Morrison (1958) mapped fine-grained, light gray
and reddish siltstone and fresh-water limestane beds as part of the
Sunshine Ranch Member, Morrison also reported that these strata
contain some remains of small pelecypods in a transition zone from
fine-grained sandsfone and siltstone into thickly cross-bedded con-
glomeratic rocks.

The Saugus Formation varies from over 6000 feet (1830 m) thick
in the western part of the Newhall area to less than 1000 feet (305 m)
in Placerita oil field. In Union - NL& F 2 (175) (Cross section F;
Plate XII), the lower units of the formation consist of reddish brown
to green gray, clayey sandstone and siltstone which are fine- to
coarse-grained, poorly sorted, ard micaceous. Higher in the Saugus
and to the east, sandy siltstone gives way to hard sandstone and

conglomerate. Clasts within the conglomeratic beds are rounded to
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ri well rounded and generally increase in diameter from west to east
(Winterer and Durham, 1962).

A few Pliocene vertebrate fossils have been collected from the
lower Saugus west of Newhall. Qakeshott (1958) collected a horse
{ - tooth in the upper continental section in the San Fernando Valley; it
was identified as Pleistocene in age. The majority of the upper units
are unfossiliferous and represent continental depopsits. The sandstone
and conglomerate strata are most likely broad fan and stream deposits

off the nearby San Gabriel Mpuntains.

Terrace Deposits

’k Extensive terrace deposits are found north of Newhall in the
| vicinity of the town of Saugus (Plate I). The deposits rest uncon-
formably on the Saugus and in several places appear compositionally
gimilar to the loosely consolidated gravels of the underlying forma-
tion, The terraces consist of reddish brown gravel, sand, and silt
which are poorly consolidated to crudely stratified. The largest
thickness of terrace gravels is southeast of Saugus where the gravels
i are 200 feet (60 m) thick. These deposits are adjacent to the present
Santa Clara River, but they are actually remnants of an older and
broader alluvial cover, at least several miles wide, that at one time

was continuous. Teprace deposits in Placerita Canyon yielded the

’ ¥ first placer deposits of gold discovered in California (Morrison, 1958),
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The late Pleistocene age of the terrace deposits is based on
the fact that the deposits overlie unconformably the early Pleistocene
Saugus Formation. Winterer and Durham (1962) mentioned the dis-
@ covery of a late Pleistocene bison tooth at the contact between the

Saugus and the terrace deposits, but state that it is unknown whether

the tooth was from the Saugus or washed out of the terrace gravels.
Landslides

South of Elsmere Canyon, in the steep foothillsA of the western
San Gabriel Mountains, landslides are common within the Towsley
and Pico Formations (Plate I). Siltstones of both formations are
commonly exposed in dip slopes which are susceptible to creep and
landsliding. Mapping is difficult in this area becapse of the landslides
and the generally poor exposures of the siltstone beds in the Towsley

and Pico Formations.
- Alluvium

A large part of the Newhall area is covered with alluvium which
is associated with the drainage of the Santa Clara River (Plate I).
| Most streams that drain into the Santa Clara Valley from the canyons
off the San Gabriel and Santa Susana Mountains have alluvial covers
f ranging from a few feet to over 50 feet (15 m) in thickness. The

deposits consist of unconsolidated gravel, sand, and silt. Pebbles
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in the alluvium are predominantly granitic together with some

gneissic and sedimentary clasts.
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STRUCTURE

The structural geology of the Newhall area is dominated by the
San Gabriel fault, the Whitney Canyon fault, and the Pico anticline.
Folds are discussed first followed by the faults in the area. The rela-
tionship between structure and stratigraphy is largely discussed in

the geologic history.

Pico Anticline

The Pico anticline is one of the major structural features in the
Newhall area (Plate I). Beginning at the southwestern corner of the
area, the Pico anticline and Oat Mountain syncline (mapped as the
Pico syncline by some geologists) extend westward for about 9 miles
(14.5 km) (Winterer and Durham, 1962). The anticline is asymmetric
with a steeper north flank which dips from 50° to overturned. Locally,
the core of the anticline is almost a chevron fold. The trace of the
Pico anticline axis is relatively easy to map, especially where shale
of the Modelo Formation has been eroded away in the core to praoduce
a very deep canyon, e.g. Towsley Canyon, 2 miles (3.2 km) west
of the thesis area. The axial plane of the Pico anticline appears to
dip steeply southward at the surface and also in the subsurface (Cross
section E; Plate XI). Toward the east, the anticline and syncline fade

out in the area through which Cress Section N (Plate XX) was
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constructed. Similarly, the Oat Mountain anticline, south of the
mapped area, becomes unrecognizable east of Aliso Canyon. In the
Aliso Canyon area, the Santa Susana fault dips moderately nprth-
northeast and is in part a bedding thrust along a plane in the Topanga
Formation (Lant, 1977). The fault may dip more steeply at depth,
beneath the Oat Mountain syncline. The folds within the area may be
contemporaneous with movement on the Santa Susana fault. Near the
surface, where the fault dips moderately and essentially parallels
bedding, the broad Oat Mountain anticline was developed. However,
farther to the north where the fault dips steeply, cutting across
bedding, the Topanga, Modelo, and Towsley Formations were arched
up into tight folds (Cross section E; Plate XI). The Oat Mpuntain
syncline may mark the surface expression of where the Santa Sﬁsana
~ fault first cuts across bedding with increasing depth. The Pico anti-
cline and the Oat Mountain anticline and syncline appear to have been
‘d eveloped similarly to folds (Cemen, 1977, his Cross section P;
Plate XXIII). In the Fillmore area, broad folds were formed above
| the thrust fault, and as the fault began to dip more steeply and cut
across bedding, the formations above the fault were more tightly
folded. The folds in the Santa Susana Mountains south of Newhall
may also be controlled by the structural downstep of the Santa Susana
fault where it changes strike south of San Fernando Pass (Fig. 3). In

the downstep, the fault changes strike to northeast and ipcreases in
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. Refer to Whitcomb and others (1973) and Shields (1977) for a discus-
sion on the nature of the Santa Susana downstep zone. The Santa

; Susana fault may also cantrol the Pico anticline several miles west
of the Newhall area in Gillibrand Canyon where the fault once again
downsteps. The Pico anticline is not found west of the Newhall-

Portrero oil field and the Santa Susana fault dies out at the Oak Ridge

"this area, Thevefore, the Pico anticline and Oat Mountain anticline
t

wnd syncline are believed to have developed in response to late
leistocene-Hplocene thrusting along the Santa Susana fault (Lant,
977). Present-day uplift on the Pico anticline could be jndirect

evidence of continued activity on the Santa Susana fault.

The sandstone and conglomerate units in the Pica anticline and

oy ' ompetent layers during folding and were deformed by laminar slip
n bedding planes, forming slickensides. Bonham (1957) reported that
ome thin sandstone beds were drag-folded and sheared in the vicinity

f the Pico anticline axis. Shale and siltstone units of the Modelo and

hale in the axial region of the anticline in comparison to the section

Y ff‘ ‘% ‘ p'.on the north flank. Some of the thinner shale beds were pinched out
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completely along the north flank while others were rotated and de-
L : formed.

A detailed petrofabric study of the Modelo and Towsley Forma-
tions was made along the Pico anticline by Bonham (1957), who deter-
mined that there were three axes of rotation responsible for the
development of the Pico anticline structure (Fig. 11). One axis (B)
coincided with the anticlinal axis and controlled the degree of folding
or rotation of the rock units. The second axis (B') was horizontal and
normal to the axial plane of the anticline; this axis caused the struc-
ture to plunge to the southeast and to the west. The final axis of
rotation (B"') caused the bend in the surface trace of the axis from its
strike of N. 65°W, on the east limb to around N, 75°W. at the western
énd; Folded rocks in this area have a slight preferred orientation,
exhibited by fossils, ooids, concretions, pebbles, and mineral grains.
Bonham (1957) further pointed out that joints in the axial region of
it the Pico anticline and Oat Mountain syncline are attributed to extension

-narmal to the north-south direction of regional compression.

Placerita Oil Field Area

The Placerita oil field is a large homoclinal structure. The
Pliocene and Pleistocene units in the Placerita area dip to the north-
west around 15° to 20° (see Top Pico structure contour map; Plate V).

" The homoclinal nature of the Towsley, Pico, and Saugus Formations
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is one of the important reasons for oil accumulation in this area, in
; » addition to the San Gabriel and Whitney Canyon faults which form

barriers to oil migration. Also, minor faults through the area and
iy | f.: the lenticularity of Pliocene strata south of Placerita Canyon aid in

. the entrapment of oil updip.

Folding Northeast of the San Gabriel Fault

In the Mint Canyon outcrop, adjacent to the railroad track 1 1/3
“miles (2 km) southeast of Honby (Plate I), there are two anticlines
which have steep dips on both flanks. The northernmost anticline,
the Highway North anticline of Oakeshott (1958), plunges about 25°

to the west. This anticline curves to the southeast beneath alluvium
out of the mapped area, and is exposed again farther to the southeast
in Mint Canyon strata., Each formation which lies above the Mint
Canyon in the railroad outcrop decreases in dip upward and is
separated by an angular unconformity. This is indicative of several
periods of folding, the result of which is that the Mint Canyon strata
are folded most steeply. Structure contours on the unconformity at
the top of the Mint Canyan Formation reflect a very broad and gen-
eralized anticlinal structure because of the sparse well control;
however, other minpr folds within the formation may be present that
are not shown, Cross Sections H, I, J, and L (Plates XIV, XV, XVI,

XVII) show the relationships of the units in this area with one another,
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. but the degree of angular discordance between each formation in the

e cross sections is not known.

San Gabriel Fault

o

The San Gabriel fault is a major right-lateral strike-slip fault
that extends across the area north of Newhall and dips 75° northeast
at the surface. Terrace deposits and the Saugus Formation are cut
throughout the fault zone (Weber, 1977). The San Gabriel fault com-
monly consists of two to four surface traces which vary in length;

i;he width of the zone ranges from 150 to 900 feet (45-275 m). The
San Gabriel fault was mapped by Weber (1977, 1978) over a 44 mile
(70 km) length from Frazier Mountain southeast to Little Tujunga
‘_Canyon to determine the extent of late Quaternary activity, Near
Bouquet Junction (Plate I), geomorphic evidence indicates late
:Quaternary vertical offset throughout the fault zone. At several
localities, terrace deposits are offset vertically up to 40 feet (14 m),
‘IWith the southwest side up. One outcrop at the head of Oakdale
:Canyon exposes Saugus rocks faulted against terrace deposits (Weber,
1977). There is no conclusive evidence which indicates late Quater-
hary lateral movement along any part of the San Gabriel fault (Weber,
‘1978).

The pre-Plipcene sequence of rocks on either side of the fault

‘appears to be dissimilar. Cross Sections J, L, and O (Plates XVI,
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XVIII, XXI) illustrate to contrasting rock types across the San

Gabriel fanlt. In the area immediately south of Bouquet Junction

and the San Gabriel fault, a sequence consisting of crystalline base-
ment and marine Modelo, Towsley, and Pico Formations is juxtaposed
against a very thick sequence of lacustrine and fluviatile Mint Canyon
Formation directly across the fault. In the Superior - Bonelli 14-23
(176) well (Cross section G; Plate XIII), the pbasement consists of
granodiorite that is dissimilar to outcrops of anorthosite several

miles to the east across the fault (Fig. 12). Overlying the basement

in this well is an 830 foot (250 m) sequence of Modelo (upper Mohnian)

shale, sandstone, and conglomerate. A 150 foot (45 m) thick section
of sandstone and shale is interbedded with rounded to subangular chert
and granitic pebbles and cobbles which range in diameter from 0.5

to 3 inches (1.3-7.5 cm). Some of the sandstones and gravels were
transported south a short distance by turbidity currents and deposited
in fans; for example, Mobil - H&aM 1 (187) (Cross section F; Plate XII)
contains igneous pebbles and cobbles with rare granitic boulders
larger than 8 inches (20 cm) in diameter. This coarse-grained
material is similar to that in the proximal turbidites noted a few miles
to the northwest (Schlaefer, 1978), but differs in that rocks similar

to the angular brecciated beds in the Modelo of the Honor Rancho area
are not present in the Newhall area. The Mint Canyon Formation east

of the faul}; caonsists of fine-grained lacustrine and fluviatile siltstone
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and sandstone that are lithologically unlike the coarse-grained
deposits in the Modelo Formation. Therefore, the Mint Canyon
Formation in the immediate area could not have been the source for
these clasts and coarse detritys, the source area apparently having
been removed by right-lateral movement on the fault. The lower
Mint Canyon could possibly have been the source of the clasts if it
were undergoiné a period of erosion at the time of Modelo deposition;
however, the upper and lower Mint Canyon appear to be conformable.
Therefore, the basement rocks of the San Gabriel Mountains, exposed
¥ over 6 miles (10 km) to the east, may have been the source area of
L;the Modelo clasts.

Throughout the Newhall area, the Towsley, Pico and Saugus
eFormations contain sandstone and conglomerate with a wide range of
clast types and sizes, all generally well rounded. The Towsley
ontains predominantly gneissic and plutonic clasts and additionally
ontains minor amounts of anorthosite and norite clasts whose source

goutcrops lie several miles east and northeast of the area (Fig. 12).

¥

Flows and sills of andesite found in the nonmarine Vasquez Forma-
ition about 12 miles (19 km) northeast of Newhall in the Soledad basin
Kew, 1924) appear lithologically similar to some of the clasts in

ithe Towsley conglomerate beds. Many of the clasts within the Towsley
and Pico Formations may have been derived from older conglomeratic

tformations in adjoining areas (Winterer and Durham, 1962). Ehlig
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(1975) pointed out that the Pico conglomerate units in Placerita

Canyon contain small subangular clasts of Mendenhall gneiss,
anorthosite, and gabbro apparently derived from sources north of
the San Gabriel fault and four to 12 miles (7-19 km) to the southeast,
Clasts within the Saugus Formation are all rounded to well rounded
and are representative of sources on both sides of the San Gabriel
fault. In the Newhall area, the clasts decrease gradually in size
frem east to west away from the western San Gabriel Mountains.

The Saugus Formation crops out on both sides of the San Gabriel
fault; however, the thickness of the formation is very different on
opposite sides of the fault. In the eastern Ventura basin, a thick sec-
tion of Saugus (about 3500 feet, 1065 m thick) confarmably overlies
the Pico in Mobil - Bermite 1 (180) (Cross sections G, K, L; Plates
XIII, XVII, XVIII), whereas in the Soledad basin, about 3/4 of a mile
to the north, a thinner section of Saugus (less than 1500 feet, 455 m)
unconformably overlies Mint Canyon strata in Terminal Drilling -
Independent Ghiggia 1 (178) (Cross section L; Plate XVIII), No intra-
formational markers could be correlated across the fault between the
two wells,

The Mint Canyon Formation is interpreted as being truncated by
the San Gabriel fault in this area. The Caliente Formation in the
Lockwood Valley and the Mint Canyon in the Soledad basin, separated

by 30 to 40 miles (48-64 km), are believed to have been deposited in
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the same east-west-trending basin (Carman, 1964; Ehlig et al.,
1975). This correlation is based on an assemblage of rapakivi-
textured quartz latite porphyry, anorthosite, and Lowe Granodiorite
clasts which are found in both the Mint Canyon and Caliente Forma-
tions (Ehlig and Ehlert, 1972). If, however, the unnamed nonmarine
sequence in the eastern Ventura basin corresponds to the Mint Canyon
Formation whoge base was not penetrated in the mapped area, the
argument for right-lateral displacement of the Mint Canyon would
not apply.

The San Gabriel fault has undergone approximately 30 miles
{48 km) of right-lateral slip since the middle Miocene (Woodburne,
1975). The metasedimentary rocks of the Placerita Formation, the
oldest rock unif in the western San Gabriel Mountains, would ideally
have a corresponding unit across the fault and 30 miles (48 km) or
so to the squtheast. The San Gabriel fault splits into two major
branches and smaller subsidiary branches east af Big Tujunga Canyon
(Fig. 12), obscuring the offset relationships along the fault, In the
eastern San Gabriel Mountains, the San Antcnio fault cuts across the
San Gabriel fault zone making point-to-point offsets very difficult to
reconstruct. East pf the San Antonio fault is a Paleozoic¢(?) meta-
s edimentary unit (Woodford, 1960) which might correspond with the

Placerita Formation last exposed in Little Tujunga Canyon over 40

miles (65 km) to the west. Morton (1975) reported that these rocks
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in San Antonio Canyon are amphibole biotite schist, graphitic schist,
marble, and quartzite and are c.ataclastically deformed, foliated,
and complexly intruded by quartz diorite of the Placerita Formation.
The easternmost exposure of the Placerita Formation and the western-
most exposure of the San Antonio metasedimentary rocks are separated
by over 40 miles (65 km), much farther than the previously demon-
strated maximum offset of 30 miles (48 km) on the San Gabriel fault.

East of the mapped area iﬁ Pacoima Canyon, several slivers of
Paleocene rocks are exposed within the San Gabriel fault zone for
about 8 miles (13 km) (Fig. 13). Mollusks of the Martinez Stage
were described by Qakeshott (1958) in these slivers, which correspond
with the lower Ynezian Stage (Schmidt, 1970). These rocks crop out
between the main fault strand and the De Mille fault, a smaller
branch. The outcrop consists of dark green black, coarse-grained
marine sandstone, thin interbeds of black shale, and thick lenticular
beds of pebble conglomerate (Oakeshott, 1958). The Paleocene strata
exposed in the fault zone may be correlative with the barren section |
of Paleocene conglomerate in the Continental - Phillips 1 (17) well.
Becausge the Paleocene-Eocene sequence in the eastern Ventura basin
south of the San Gabriel fault zone is not found east of the Whitney
Canyon fault, the slices of Paleocene strata east of Pacoima Canyon

may have been displaced by about 14 miles (22 km) of right-lateral

offset. The Whitney Canyaon fault, apparently truncated by the
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San Gabriel fault, may have a corresponding segment which was
displaced right-laterally and is now found in the western San Gabriel
Mountains north of the fault.

The subsurface configuration of the San Gabriel fault is difficult
to determine in the Newhall area because of the lack of well control.
The structure contours on the principal strand of the San Gabriel
fault (Plate II) are based on fault cuts in three wells, on the approxi-
mate surface trace of the main strand, and on a measured dip of 75°
on the fault plane at the surface. The San Gabriel fault dips in this
area at a lower angle than along the remainder of the fault trace.
For instance, in Little Tujunga Canyon to the southeast, the dip on
the fault is 83° northeast (Oakeshott, 1958) and in the Honor Rancho

area to the northwest it dips 85° to the east (Schlaefer, 1978).

Whitney Canyon Fault

The Whitney Canyon fault crops out along the eastern part of the
area from Elsmere Canyon to the San Gabriel fault (Plate I). The
fault is named for its exposure in Whitney Canyon; however, it is
best expgsed in Elsmere Canyon where it juxtaposes rocks of Eocene
age on the west against Pliocene to the east. Immediately north of
Placerita Canyon, where the fault cuts through the Saugus, it is

difficult to trace the fault at the surface. In the eastern Placerita

oil field, where well control is extensive, one can map the fault
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tentatively on the basis of wells on either side of the fault.

The fault represents two periods of activity: a pre-Pliocene
dip-slip and possibly strike-slip movement, and a post-Pliocene dip-
slip episode. In the Continental - Phillips 1 (17) well (Cross sections
F, O; Plates XII, XXI), the deepest test drilled east of Newhall, a
thick section of Paleogene strata was penetrated to a depth of over
6000 feet (1830 m) below sea level before passing through two faults
into basement. The question as to whether this sequence of rock
represents p partial section of Paleogene rocks in fault contact with
basement (Winterer and Durham, 1962, \Plate 45), or whether it repre-
sents a complete Paleogene sequence resting on basement (Oakeshott,
1958) is open !for speculation. In this report the former interpretation
is accepted on the basis of structure contours drawn qon the Whitney
Canyon faunlt (Plate II). The contours are based on the surface location
of the fault, the 75° fault plane dip in Whitney Canyon measured by
Hazzard, and the depths below sea level where Continental - Phillips 1
(17) is cut by twa faults, The fault zone in the well is marked by brown
green gouge which is very fractured and slickensided with shear planes
dipping 75-85°. Gneiss, limestone, sandstone, and conglomerate are
found within the section between the two faults (Cross section F; Plate
XII). The contours on the fault reflect a fault plane dipping 75° to

the west. The minimum vertical separation on this pre-Pliocene

dip-slip fault is over 6000 feet (1830 m).
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The pre-Plicoene period of movement of the Whitney Canyon
fault is suggested (Oakeshott, 1958) as having a major left-lateral
component along the edge of the eastern Ventura basin. Oakeshott
beligves this fault may be similar to left-lateral faults which separate
sedimentary strata of the Soledad basin from basement rocks of the
San Gabriel Mountains northeast of the San Gabriel fault, Oakeshott
reported that Pliocene beds are offset left-laterally 150 feet (45 m)
along the Whitney Canyon fault. The only other evidence cited was
the similarity of minor folds found in the Placerita oil field to folds
mapped adjacent to left-lateral faults northeast of the San Gabriel
fault. However, no evidence for lateral displacement along the
Whitney Canyon fault has heen found in the subsurface of the area; all
Pliocene strata correlated directly across the fault with no lateral
juxtaposition of dissimilar rock types. The Whitney Canyon fault
definitely had a period of dip-slip movement prior to the depositian
of Pliocene strata; however, it would be speculative to suggest a
cqrresponding fault similar to the Whitney Canyon northeast of the
San Gabriel fault. The Towsley, Pico, and Saugus Formations cover
the fault, making it difficult to find a pre-Pliocene trace north of the
San Gabriel fault.

The presently exposed trace of the Whitney Canyon fault was

formed by dip-slip movement, but in a reverse sense of direction to

the pre-Pliocene displacement. The Pleistocene episode of reverse
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faulting in the mapped area caused the displacement of Pliocene and
Pleistocene units along the pre-existing, pre-Pliocene fault. Vertical
displacement of the Pico Formation of the Whitney Canyon fault is at
the most 100 to 200 feet (30-60 m) (Crass sections C, D; Plates IX,
X) with the west side up. Contours on the top of the pre-Modelo ero-
.sion surface (Plate III) adjacent to the fault ipdicate that the basement
and Eocene are separated about 300 to 400 feet (90-120 m). The
Whitney Canyon fault may have had two periods of reverse displace-
ment, one period occurring prior to Pico deposition and the second
after Pico deposition. However, because there is no control on the
basement adjacent to the Whitney Canyon fault, it is not possible to
evaluate whether the two periods of reverse faulting have occurred or

not.

Holser Fault

The surface trace of the Holser fault intersects the San Gabriel
fault in an unknown manner immediately southeast of Bouquet Junction
(Plate I). The Holser can be traced northeast and east from Piru
Creek (Figure 1) to Castaic Creek where it is concealed by alluvium.,
The fault extends to the east beneath the alluvial cover of the Santa
Clara River for about 5.5 miles (9 km) and forms a lineament on
aerial photographs (Weber, 1977) and on Landsat imagery (NASA

ERTS E-1144-1815, bands 4, 5, & 7). Terrace deposits arg cut by




83
the Holser fault in the northwest corner of the Newhall area. In the
area where the Holser fault cuts terrace deposits south of Bouquet
Junction, a tunnel was constructed by the Metropolitan Water District
across the fault. Figure 13 locates the trace of the tunnel with re-
spect to the Holser and San Gabriel faults, and shows the tunnel cross
section through the fault zone (R. J. Proctor, personal communication,
1978). The main fault plane dips 72° to the south, and five smaller
faults dip at steeper angles in the 150 foot (45 m) wide fault zone. The
minimum reverse displacement of the base of the terrace along the
fault is 14 feet (4.5 m). The surface expression of the San Gabriel
fault and Holser fault junction is extremely complex (Plate I). In the
few outcrops of Saugus between the faults, the dips are very steep to
the north and to the south. Because of the many small faults which
cut through the area, it is only possible to infer the area where the
two faults intersect at the surface, as has been done on the fault con-
tour map (Plate II).

In the Del Valle and Ramona oil fields 9 miles (14 km) to the
west, the Holser fault is interpreted as a south-dipping reverse fault
which has been folded (Nelson, 1952; Cemen, 1977). Winterer and
Durham (1962, Plate 45) interpret the fault north of Sapgus as south-
dipping at about 70°. However, there are no wells in the Newhall area
or immediately to the west of the area which cut the Holser fault.

Union - NL& F 2 (175) (Cross section F; Plate XII) may cut the fault,
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but if so, it was cut at a very shallow depth in the well where no

core or ditch sample data were collected. The structure contour
maps for the pre-Modelo erosion surface (Plate III), the top of the
Modelo (Plate 1V), and the top of the Pico (Plate V) indicate fault
gseparation. The vertical separation of the Pico Formation is about
500 feet (150 m) between wells (187) and (176). The contours on the
belserfauh:plane are dashed and queried because of lack of sub-
surface control in this area. Isopachs of the Modelo show no lateral
>ffset north and south of the Holser fault; so essentially it is a dip-
slip fault,

Weber (1978) reported that a strand of the Holser fault may inter-
sect the San Gabriel fault near the mouth of San Francisquita Canyon,
hree miles (5 km) northwest of its generally accepted junction. The
basis for this reasoning is that clasts in the Sangus Formation in the
i/'alencia. area (Castaic Junction) are solely Pelcfna Schist, wﬁereas
Fothe southeast the Sapgus contains Pelona Schist and abundant
anorthosite clasts. He concludes that this abrupt change across the
élluvium of the Santa Clara River is the result of a principal trace of
the Holser fault. In light of the data from the Saugus tunnel, the
Holser faplt clearly occurs in the mapped area; héwever, this dqes
ot mean that another strand of the Holser fault might not exist else-

Where,




86

Legion Fault

The Legion fault is the northernmost of the south-dipping
reverse faults in the Newhall area. It is named for its exposure
behind the American Legion Hall about 1 mile (1.6 km) east of
Newhall. Most»of the fault trace is covered by alluvium along New-
hall Creek. The fault is inferred to connect with a series of reverse
faults exposed on the ridges through Elsmere Canyon, Vertical
gseparation is pyobably no more than a hundred feet along the entire
‘ length of the fault which is less than the Beacon and the Weldon faults
(Cross section M; Plate XIX).

The main trace of the Legion fault cuts two wells in the area;

Grayson - Hilty 1 (78) and Morton and Dolley - Needham 4 (81) (Plate
V II). Contours on the top of the Pico and on the pre-Modelo erosion
surface indicate that the fault dies out to the west., The Legion fault

cuts Saugus, Pico, Towsley, and Eocene strata.

Beacon Fault

The Beacon fault is a south-dipping reverse fault which was
‘hamed for its exposure near an airway beacon at the head of San
Fernando Pass (Plate I). The fault plane at the surface dips between
-70° and 75° at the western end and decreases in dip towards the east.

Immediately east of San Fernando Pass, the fault plane is parallel
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to bedding and cannot be traced further. The Beacon fault has a
prominent effect on the surface geology in the area. Along a half
mile section of the fanlt, gently dipping Pico sandstone and ¢conglom-
erate strata are thrust over Saugus Formation. In Railroad Canyon,
south of Newhall, the fault dips 40° south and has two smaller north-
dipping faults in the hanging wall block which have juxtaposed Pico
and Saugus strata as well (R. J. Proctor, personal communication,
1978). The fault zone in this area is around 650 feet (200 m) wide.

Along the eastern half of the Beacon fault, where it is a thrust,
the fault plane steepens at depth (Cross sections M, N; Plates XIX,
XX; Plate II). The fault has been cut by two wells in the areaj British
American - Edwina 1 (73) and Union - Needham 1 (88). In Union -
Needham 1 (88),v the Pico is thrust ovc;r Saugus, and the Towsley and
nonmarine sequence are displaced about 200 feet (60 m). Cross
Section N (Plate XX) also illustrates how the fault developed in an
area where the nonmarine and Pliocene strata dip steeply to the
south. One well that may have cut the Beacon fault is Basenberg -
Hamilton 1 (92) (Cross section'A; Plate VII); however, no lithology

descriptions were made for this section of the well.

Weldon Faplt

The Weldon fault is similar to the Beacon fault in that they are

both south-dipping reverse faults which steepen with depth. However,
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the Weldon fault is a thrust fault along its entire surface trace,
dipping between 15° and 16°. The western section of the thrust .
flattens out and almost parallels the bedding planes, making mapping
difficult. A klippe is isolated at the top of a small hill northwest of
the head of Gavin Canyon (Winterer and Durham, 1962). Along the
thrust zone, Pico conglomerate has been thrust over less resistant
sandstone and siltstone of the Pico and Saugus Formations. The re-
sult is a topographic ridge with a gteep cliff about 100 feet (30 m) above
the Weldon fault at the base, In the area around San Fernando Pass,
the footwall block is sliced up by a number of minor faults adjacent to
the main fault plane (Ford, 1941).‘ Slickensides are common along
bedding planes in this area.

In the subsurface below Weldon Canyon, the fault apparently
separates a very thick sequence of Modelo strata (over 5000 feet,
1525 m) to the south from a thinner section of Modelo (less than 1000
feet, 305 m) to the north which overlies nonmarine strata (Plate IV).
The difference in thicknesses of the Modelo cannot be explained solely
on the basis of reverse displacement on the Weldon fault; vertical
separation is at most a few hundred feet (Cross section N; Plate XX).
Winterer and Durham (1962) allued to the possibility that a left-lateral
strike-slip fault juxtaposed the two anomalous sections of Modelo
against each other, However, 1.5 miles (2.5 km) west of this area,

Cross Section E (Plate XI) does not require a stirike-slip fault to
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interpret the geology; also the Weldon fault apparently dies out to

the west.

The Legion, Beacon, and Weldon faults form a series of south-
dipping reverse faults which die out to the west (Plate II). Saugus
strata are the youngest rocks cut by these faults which are, therefore,
younger than early Pleistocene. The possibility exists that this group
of faults developed in response' to the folding of the Santa Susana
‘Mountains, i.e., the development of the Pico anticline and Oat

153 ; Mountain syncline. The faults, like the folds, appear to die out to

the southeast in the general area of the Santa Susana fault downstep

Plate I).
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GEOLOGIC HISTORY

The basement rocks of the western San Gabriel Mountains extend
intp the subsurface south of the San Gabriel fault. The basement in-
cludes the Placerita Formation (Miller, 1934), the oldest rock unit
in the area, which is found in scattered outcrops. The Placerita meta-
sedimentary rocks were intruded by diorite gneiss (Oakeshott, 1958),
and, prior to the end of the Creta,ce(:;us, granodiorite was emplaced.
These rocks underwent strong cataclastic deformation prior to deposi-
tion of the Paleocene-Eocene sequence.

The Paleocene-Eocene sequence of strata in the Continental -
Phillips 1 (17) well represents the oldest sedimentary rocks in the
subsurface of the area and are presumed to lie unconformably on .
basement, The relationship of this Paleocene-Eocene sequence to
rocks of the same age several miles to the south in the Simi Valley
is not clearly understood. South of the Santa Susana fault, the Simi
Conglomerate pinches-out to the north as it is overlapped by the
~ Santa Susana Formation (Shields, 1977; Yeats and others, 1977).
Howell (1974) speculated that the basal section of barren conglomerate
in Phillips 1 (17) may correlate with the Simi Conglomerate; if so,
this would be the first described Paleocene north of the Santa Susana
fault. However, the possihility exists that this barren section might
be correlative to a suggested basal conglomerate of the Santa Susana

Formatioh south of the fault (Shields, 1977). The Paleocene-Eocene
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strata were deposited as a transgressive-regressive sequence in
' which the Paleocene conglomerate was overlain by a sequence of
T ‘siltstone and sandstone which may correlate to the lower to middle
Santa Susana Formation. The upper siltstone units of the formation
| have been suggested (Howell, 1974) as representing a regressive
‘gequence which exhibits graded bedding, suggestive of turbidity cur-

ent deposition. These beds in the subsurface, together with out-

crops in Elsmere Canyon, are correlated tentatively with the Eocene
"‘Llaja,s Formation of the Simi Valley. The unnamed nonmarine se-
nence mapped in the subsurface of the southwestern part of the
Newhall area overlies the Eocene and marks the end of a major re-
ression in the area. These nonmarine rocks were deposited above
marine Eocene and below late Miocene strata, and thus may have been
deposited during the same period of continental deposition as the Sespe
Formation which spanned the Oligocene Epoch. But whether these

wo nonmarine units are coeval is unknown; they are not lithologically
similar. The occurrence of bentonite in the Mint Canyon Formation
and in the nonmarine sequence, however, is significant evidence
which might suggest that these two sequences are correlative. It
reasonably possible that the volcanic ash in these two nonmarine
f’iequences, though, was deposited in twv(l) separate basins many miles
?ipart and not in one continuous basin. Again, as in the comparison

with the Sespe, it is not possible to determine whether these units
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were deposited in the same depositional basin.

The major pre-middle Miocene erosional surface throughout
the subsurface in the area is interpreted by Winterer and Durham
(1962) as the result of regional uplift. The marine Topanga Forma-
tion of middle Miocene age represents the initial deposits of a new
transgression in the Newhall area. As the seas transgressed farther,
the Modelo was conformably deposited over the Topanga and extended
farther northeast. These deep water deposits are characteristic of
turhidity current deposits transported down-slope. In the eastern
Ventura basin, the Modelo grades laterally and upsection into coarser
grained strata of the Towsley Formation. It is unknown whether the
thick section of Modelo in the southern part of the area (Cross sections
E, N; Plates XI, XX) represents a marginal area thinning out to the
north and northeast, or whether the area has a Miocene fault which
juxtaposed sections of Modelo of contrasting thicknesses.

The Whitney Canyon fault can be dated as pre-Pliocene because
of the Pliocene Towsley Formation which overlaps Eocene on one
side of the fault and basement on the other. The dip-slip movement
of over 6000 feet (1830 m) on the fault down-dropped and tilted the
thick sequence of Paleocene-Eocene rocks on which the ]Jate Miocene
and younger sediments were deposited.

Northeast of the San Gabriel fault, prior to its development, the

Mint Canyon Formation was deposited in an east-trending basin, from
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middle to late Miocene time, in a fluviatile and lacustrine environ-
ment (Ehlig and others, 1975). The Modelo (lower Mohnian) and Mint
Canyon strata are interpreted as having been separated by a ridge of
basement (the Piru Mountains southwest of the fault) during their
deposition (Winterer and Durham, 1962). The San Gabriel fault dis-
placed these different terranes, right-laterally beginning in the late

- Miocene between the Barstovian and Clarendonian mammalian stages
(Woodburne, 1975). During this time, the Modelo northwest of
Newhall received coarse-grained clastics which were interbedded
with siltstone and shale (Cross sections F, G; Plates XII, XIII), The
source of this coarse detritus could not have been the finer grained
upper half of the Mint Canyon Formation which occurs in the sub-
snrface across the San Gabriel fault. A possible source area is the
western San Gabriel Mountains north of the fault which are exposed
several miles to the east.

The Ventura and Soledad basins were juxtaposed by late Miocene
time which allowed intercommunication between the two basins. The
Castaic Formation northeast and east of the Newhall area is found
only in a few scattered outcrops in the Soledad basin; no outcrops
occur in the mapped area. Sometime between the late Miocene and
late Pliocene, the area was uplifted and the Castaic eroded; the more
extensive outcrops of the formation are north and northwest of the

area.
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The Miocene and Pliocene seas, in which the Towsley Forma-
tion was deposited, covered the area south of the San Gabriel fault,
including the area of the present western San Gabriel Mountains.
Oakeshott (1958) mapped a small outcrop of Towsley immediately east
of Big Tujunga Canyon that is over 1000 feet (305 m) higher strati-
graphically than the Towsley in the area around Elsmere Canyon.
The Pico probably did not cover as wide an area as the Towsley;
clasts in the Pico are typical of an eroding San Gabriel basement
complex. Also, the Pico in Elsmere Canyon is indicative of a
nearshore environment (Kern, 1973). The outcrop of Towsley-Pico
undifferentiated north of the San Gabriel fault indicates that the
Pliocene sea extended across the fault at least a short distance. Most
of these marine Pliocene deposits in the Soledad basin were subse-
quently eroded away, leaving only a few outcrops. The result is that
very prominent angular unconformities separate the Mint Canyon
Formation, the Towsley-Pico undifferentiated, and the Saugus Forma-
tion north of the fault.

The Pliocene marks the time in the depositional history of the
Ventura basin in which the rate of deposition became greater than
the rate of subsidence; thus, as the basin filled, the seas regressed.
In the eastern Ventura basin, the Pico grades laterally and upward

into the shallow marine Sunshine Ranch Member of the Saugus Forma-

tion which extended over much of the area occupied by the present
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San Gabriel Mountains. This regression extended through the
Pleistocene; the Saugus Formation graded from brackish water
deposits into nonmarine rocks of the upper unnamed member (Fig.
10).

The San Gabriel Mountains east of the Soledad basin are known
to have been a positive element since the Oligocene, supplying clas-
tics to the Vasquez, Tick Canyon, and lower Mint Canyon Formation
of the Soledad basin (cf. Jahns and Muehlberger, 1954; Bohannon,
1975). However, the San Gabriel Mountains proper were uplifted in
the early Pleistocene and Holocene at which time their present day
heights were attained. Remnants of a subdued erosion surface and
of terrace deposits in the San Gabriel Mountains indicate that they
had a very low relief in the middle Pleistocene (Ehlig, 1975). KEarly
Pleistocene deposits in the Newhall area contain clasts which are
also found in Pleistocene strata in the Soledad basin. Ehlig (1975)
interpreted the Newhall area during this time as an alluvial slope
that drained southward across the Soledad basin, through San
Fernando Pass, and into the San Fernando Valley. The uplift of
the Santa Susana Mountains, therefore, began in late Saugus (Saul,
1975; Lant, 1977) and continued through the late Pleistocene and
Holocene. The Pico anticline and Oat Mountain anticline and syncline
developed as a result of displacement on the Santa Susana fault. The

Legion, Beacon, and Weldon reverse faults are probably associated
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with the folding of the Santa Susana Mountains. During this period of
compression and uplift, the Whitney Canyon fault was reactivated and
caused reverse displacement of the Towsley, Pico, and Saugus Forma-
tions. The Holser fault in the Newhall area cuts terrace deposits
(Weber, 1977), whereas to the west, the fault is folded and is believed
to have developed between the late Miocene and early Pliocene (Cemen,
1977). The most recent fault activity in the Newhall area is repre-
sented to the north by the minor dip-slip movement on the San Gabriel
and Holser faults and to the south by the north-dipping Santa Susana

thrust fault.
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SEISMIC HAZARDS

The San Gabriel fault appears to be still active at depth based
on seismicity near the fault in the Honor Rancho area (Murdock,
1977). Late Quaternary movement on the San Gabriel fault suggests
principally dip-slip displacement with terrace deposits offset (Weber,
1977; 1978); therefore, the San Gabriel fault appears to be capable
of minor displacement.

The north-dipping Santa Susana fault is apparently associated
with the active San Fernando fault along which the 1971 San Fernando
earthquake occurred; therefore, the fault should be considered poten-
tially active. The Newhall earthquake of 1893 was centered only
slightly west of the 1971 epicenter and apparently slightly less in
magnitude. The series of south-dipping reverse faults and the Whitney
Canyon fault cut all formations except Recent alluvium; terrace de-
posits do not cover any of these faults. It is not known whether they
have been active in recent time, but they could act as zones of weak-
ness and move slightly if a major earthquake occurred in the area.
The Holser fault is considered to be potentially active because it cuts
terrace deposits east of Saugus where it intersects the San Gabriel
fault (Weber, 1977); however, the fault is folded in the subsurface

west of the Newhall area (Nelson, 1952; Cemen, 1977).
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APPENDIX A

Wells Utilized in Study
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Key to Abbreviations used in Appendix A

Index No. Corresponds to well number on Plate VI
Elevation Elevation of kelley bushing in feet above sea level, except where GL indicates

g ground level

o T.D. Total measured depth of well
OH Original hole
RD Redrill hole
Faults Measured depth to fault point in well from sea level
SGF San Gabriel fault
wC Whitney Canyon fault
LE Legion fault
BE Beacon fault
WE Weldon fault
Crown Crown Central Petroleum

Riley James Riley, Jr.
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LEGEND

Artificial fill

Landslide

Alluvium

Terrace deposits

Saugus Formation: undifferentiated

Saugus Formation, upper member: nonmarine sandstone
and conglomerate (Winterer & Durham, 1962)

Saugus Formation, Sunshine Ranch Member: brackish
water siltstone and sandstone (Winterer & Durham,|962)

Pico Formation: marine, blue-gray fossiliferous
sandstone, with conglomerate and siltstone (Kew, 1924)

Pico-Towsley: undifferentiated

Towsley Formation: marine gray sandstone and conglomerate
with chocolate-brown siltstone (Kern,1973)

Modelo Formation: marine, cherty, diatomaceous shale and
sandstone (Winterer & Durham, 1962)

Mint Canyon Formation: nonmarine sandstone and conglomerate,
with some siltstone and mudstone (Winterer & Durham, 1962)

Eocene undifferentiated: siltstone, sandstone, and
conglomerate (Howell, 1974)

Basement compléx_: granodiorite and diorite gneiss
(Oakeshott, 1958)

SYMBOLS

Formation contact: dashed where inferred

Fault: dashed where inferred, queried where
doubtful; dotted where covered

Fault: arrow showing dip; U = upthrown,
D = downthrown; arrows show lateral offset

Thrust fault: dashed where inferred; dotted
where covered, barbs on upper plate

Topographic or vegetative lineaments suggestive of
faults: dashed where doubtful (Weber, 1977)

Strike and dip of inclined beds
Strike and dip of bverturned beds

Vertical beds

¥ -

Map Data Sources

D,E

Kern, 1973
Saul, 1975
Shields, 1977

Weber, 1977
Winterer and Durham, 1962

B,C,E B




