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Surface and subsurface mapping are combined to determine the
geologic history along the San Gabriel fault near the town of Castaic.
Palomas Gneiss, Whitaker Granodiorite, and Pelona Schist are base-
ment terranes encountered in the subsurface. West of the San
Gabriel fault, basement is unconformably overlain by ﬁarine middle
to late Miocene Modelo Formation. The late Miocene to early Plio-
cene Towsley Formation overlies the Modelo and was deposited in a
submarine fan environment., East of the San Gabriel fault, marine
Paleocene San Francisquito Formation accumulated while Pelona
Schist was undergoing regional metamorphism at depths of 20 to 27
kilometers. Nonmarine Oligocene (?) Vasquez Formation is faulted
against both the Pelona Schist and San Francisquito Formation.
Charlie Canyon Megabreccia accumulated in late Oligocene (?) time

as a large landslide deposit. The source is controversial, but may



have been from the La Panza Range. PelonaSchistbearing San Francis-
quito Canyon Bréccia accumulated in late Miocene (?) (Barstovian)
time as the Pelona Schist first became subject to erosion in northern
Soledad basin. Nonmarine alluvial fan and lacustrine deposits of the
middle to late Miocene Mint Canyon Formation unconformably overlie
older units east of the San Gabriel fault and apparently intertongue
with San Francisquito Canyon Breccia. A late Miocene (Mohnian)
marine transgression resulted in deposition of the Castaic Forma-
_tion in Soledad basin while the Modelo and possibly Towsley Forma-
tions accumulated in Ventura basin. Violin Breccia intertongues with
Castaic Formation and accumulated at the base of a 'Miocene San
Gabriel fault scarp. Marine Pliocene Pico Formation unconformably
overlies the Castaic Formation east of the San Gabriel fault and con-
formably overlies the Towsley Formation west of the San Gabriel
fault; it is overlain conformably by marine to nonmarine Plio-
Pleistocene Saugus Formation. Quaternary landslides, and older,
intermediate, and younger alluvium overlie older rocks throughout
the study area.

The St. Francis fault may have been active in late Oligocene
and early Miocene time, removing Charlie Canyon Megabreccia by
right-slip from a possible source in the La Panza Range. The low-
angle San Francisquito fault and associated Bee Canyon fault and

San Francisquito syncline were active after deposition of the Charlie




Canyon Megabreccia but prior to deposifion of the Mint Canyon

'~ Formation. The San Gabriel fault became active after deposition

of the Mint Canyon Formation in late Miocene time. The San Gabriel
fault exhibits right-lateral separation of approxiinately 60 kilometers
on the Mint Canyon and older formations, approximately 30 kilometers
on Violin Breccia and Modelo Formation, and about two - kilometers on
the Pico Formation. San Gabriel fault ""C'" (?) and Castaic Hills
reverse fault moved in late Miocene time and became inactive prior

to deposition of the Pico Formation. The Charlie Canyon ahticline,
Charlie Canyon syncline, Castaic anticline, and Ridge Basin syncline
were forrnéd in the Castaic Formation prior to deposition of the Saugus
Formation. The Saugus is deformed by: (1) folding which produced
the Dry Canyon syncline, Dry Canyon anticline, Townsend syncline,
Loma Verde anticline, North and South Hasley Canyon synclines, and
Oak Canyon anticline; (2) reverse faulting on the south-dipping Hasley
fault; (3) normal faulting in eastern Castaic Hills oil field; (4) normal
faulting on the San Gabriel fault., The San Gabriel fault may also
offset Quaternary alluvium by normal separation in Castaic Creek,
Geomorphic evidence suggests continuing movement on the San Gabriel

fault, but the nature of seismic activity on the fault is still unresolved.
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GECLOGY OF THE VENTURA AND SOLEDAD BASINS IN THE
VICINITY OF CASTAIC, LOS ANGELES
COUNTY, CALIFORNIA

INTRODUC TION

Regional Setting

The Castaic study area is located approximately 40 miles (65 km)
northwest of downtown Los Angeles, and covers approximately 70
square miles (190 krnz) within the Newhall, Val Verde, Whitaker Peak,
and Warm Springs Mountain 7.5 minute topographic quadrangles of the
U.S. Geological Survey.

The area is located in that part of the central Transverse Ranges
of California where the Ridge, Soledad, and Ventura basins adjoin one
another (Figure 1). The San Gabriel fault transects the area from
northwest to southeast and marks the boundary between the Ventura
basin to the west and the Ridge and Soledad basins to the east. Neo-
gene sedimentary rocks of the Ventura basin are primarily of marine
origin, whereas those of the Ridge and Soledad basins are primarily
nonmarine,

In the Castaic area, the San Gabriel fault separates two distinct
stratigraphic sections of Miocene and older rocks (Plate I; Figure 2).

Marine rocks of the Pliocene Pico Formation of the Ventura basin

correlate across the San Gabriel fault with minor strike-slip offset,
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indicating that the Ventura basin extended across the fault in late
Pliocene time. Nonmarine rocks of the Plio-Pleistocene Saugus For-
mation overlap the fault from Castaic to the vicinity of Newhall,
obscuring stratigraphic relationships in older rocks in this region.
Here the San Gabriel fault is marked by a zone of disturbed and faulted

Saugus Formation (Weber, 1979).

Purposé and Scoﬁe of Study

The major purpose of this study is to determine the movement
history of the San Gabriel fault in the Castaic area. In this area, pre-
Pleistocene units, including the major crystalline basement terranes,
crop out (Plate I; Figure 2). Here also the Plio-Pleistocene Saugus For-
mation overlaps the fault, obscuring surface relationships between
older units where they cross the fault. More than 700 exploratory
and developmental wells for oil and gas have been drilled in the east-
ern Venturé. and western Soledad Basins along the overlapped segment
of the San Gabriel fault. These wells provide a data base to analyze
the stratigraphic and structural relationships of rock units older than
the Saugus Formation in the vicinity of the fault. It was, therefore,
proposed that a detailed analysis of the subsurface geology be carried
out between Castaic and Newhall in order to interpret the geologic

history of this segment of the San Gabriel fault. Subsurface studies

of the Newhall and Honor Rancho segments of the fault have been




completed (Nelligan, 1978 and Schlaefer, 1978, respectively).‘ The
Castaic study presents an analysis of the surface and subsurface geol-
ogy of the Castaic segment of the San Gabriel fault, extending from
Honor Rancho northwest to the pre-Pleistocene strata which crop out

‘near the town of Castaic (Plate I).

Methods of Study

No detailed geologic map of the Castaic area has been published.
Therefore, it was necessary to prepare a surface geologic map which
would be correlated with the subsurface geology. Masters and Ph.D.
theses, which cover parts of the area were obtained during the 1977~
1978 academic year, and a preliminary geologic map was compiled.
At the beginning of the 1978 summer field season, aerial photos of the
Castaic area were obtained on loan from the Fairchild Collection at
Whittier College. These photos were used during field mapping in
July and September, 1978, and June, 1979. The final geologic map
{Plate I; Figure 2) was compiled largely from unpublished sources,
then later revised on the basis of field work and air photo interpreta-
tion. The surface geologic map includes all sedimentary formations
and basement lithologies encountered in the subsurface, thus per-
mitting correlation between surface and subsurface geology.

A list of wells drilled in the study area was compiled during

the 1977-1978 academic year (Plate II; Appendix I), and data for these
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wells were obtained during the summer of 1978. The California Divi-
sion of Oil and Gas (DOG) provided most of the data, including well
histories, electric logs, and core and sidewall sample descriptions.
Oil companies voluntarily provided the remaining data, including
directional surveys, dipmeter results, and paleontological reports.
Core samples from some of the wells were examined at the California
Core Sample Repository in Bakersfield during the summer of 1978.
Cores of basement rocks were obtained for three wells in the
study area (Figure 3). Thin sections of these cores were prepared
and examined during the 1978-1979 academic year. Forty-three cross
sections (located on Plate II), 16 of which are included in this report
(Plates IX-XXIV), and six contour and isopach maps (Plates III- VIII)

were constructed from September, 1978 through November, 1979.

Geographic Sketch

The area is accessible by car via public, private, and oil field
roads, and by foot along creeks and ridges. Many slopes, especially
in the vicinity of Loma Verde and at the heads of most of the creeks
in the area, are too steep for easy access.

Altitudes in the area range from approximately 1, 070 feet (325 m)
in Castaic Creek to about 3, 100 feet (945 m) along the south flank of
Townsend Peak in the northwest corner of the area.

The climate is semi~arid, and most rainfall occurs from




AiDpunoq 3y} SHIDW JIND} §DY} SaWNSSD (QHGEl) 119mo1] )
3|qIssOd ‘(1X9} 99S) S||9M 959y} WOI} PIUIWDX $610J JO SUOI}IBS UIYl =~ * )| 84DId

‘30DJINS 3y} |0 S90p J) SD 2ODJINsqNs ay} uy 46 puo ubd uasmjaq
JO §iNDj UOUD) JO 3ODI} Oj9pPOW-a4d

‘1 xipueddy

Ul SD S19qWINU |90 "§SIYOS DUOjad =sd !ssjeub=ubd'ejjupib=16 :juewesoq jo sdoiojno
$9}D2|pu| U19}jnd Pass0I) "DIID DIDISDD U} JUBWISDQ O} PBjIIP SIOM JO UOHDIOT ¢ JUNOIS

0861 HHS'L'

9¢

NbL

NGL

(4

, .
b N\
,.:wmmy

++ P i+ )
V

-
_k
H
;; L ]
%

++++ ajpuozuows .-

+ + Nto“c M.M
Ji4jao

++ +{5 4[] 3w

+ 4+ + Y

+ e

u a1+

++ +|4

++ 4+




December to April. The summer is dry, and the temperature occa-
sionally exceeds 120 °F during the afternoon. Fire hazard is extreme

in the summer months.

Previous Work

Early regional reports which covered all or part of the area
include Hershey (1902a, b), Kew (1924), Clements (1929, 1932, 1937),
Simpson (1934), and Eaton (1939). These early workers named and
mapped most of the stratigraphic units and structures in the study
area, including the San Gabriel fault.

Later inapping on a regional scale by Bailey (1954), Crowell
(1954b), Jahns and Muehlberger (1954), Muehlberger (1958), and
Dibblee (1967) provided better geologic maps of the area.

More detailed information concerning the geology of the study
area is found in masters and Ph.D. theses by Wallace (1940), Daviess
(1942), Wright (1943), Buffington (1947), Chambers (1947), Kriz
(1947), Martin (1947), White (1947), Dehlinger (1950), Harris (1950),
Smith (1951), Johnson (1952), Miller (1952), Elizondo (1953),
Muehlberger (1954), Pollard (1958), Scanlin (1958), Shepherd (1960),
Stanton (1960), Szatai (1961), Sams (1964), Konigsberg (1967), Harvill
(1969), Howell (1974), Sage (1973a), and Bohannon (1976). All these
theses were consulted during compilation of the geologic map.

Topical studies concerning the Castaic area and surrounding




region include: Crowell (1952, 1954a, 1962, 1968, 1973a,b, 1974,
1975a, b,1979), Paschall and Off (1959, 19¢é1), Ehlig (1973), and
Weber (1979) on the movement history of the San Gabriel fault; Smith
(1977) on the San Juan-St, Francis and San Francisquito faults; Ehlig
(1968, 1975a, b), and Haxel and Dillon (1978) on basement rocks of the
region; Woodburne (1975) on the Cenozoic stratigraphy of the Trans-
verse Ranges; Sage (1973b, 1975) on the Paleocene, and Howell (1975)
on the Eocene stratigraphy of southern California; Bohannon (1975) on
the mid- Tertiary nonmarine rocks of southern California; Jahns (1940),
Ehlig and Ehlert (1972), and Ehlig et al. (1975) on the Mint Canyon
Formation; Skolnick and Arnal (1959), and Stanton (1966) on the paleo-
ecology of the Castaic Formation; Crouch and Bukry (1979, 1980), and
Arnal (1980) on the use of benthic foraminifera as chronostratigraphic
markers for Tertiary rocks; Link and Osborne (1978) on the deposi~-
tional environment of the Pliocene Ridge Basin Group; Ensley and
Verosub (1979) on the magnetic reversal stratigraphy of the Castaic
Formation and Ridge Basin Group; Silver et al. (1962), Hsi et al.
(1963), Silver (1968, 1971), Turner (1970), and Kistler et al. (1973)
on radiometric age determinations for crystalline and volcanic rocks
of the central Transverse Ranges; Kamerling and Luyendyk (1977,
1979a, b), Kamerling et al. (1978), Luyendyk et al. (1980), and
Greenhaus and Cox (1978, 1979) on the clockwise rotation of paleo-

magnetic vectors for middle Cenozoic igneous rocks of southern
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California; Robson (1972) on the water resources of the Saugus-
Newhall area; and Murdock (1979) on the seismicity of the Castaic
area. Results of these studies are considered in subsequent chapters
of this report.

Previous general reports on the geology of oil fields in the
study area were done for Castaic Hills (Matthews, 1953), Honor
Rancho (Matthews, 1953; Herring, 1954), Tapia (Miller and Turner,
1959; Dosch and Beecroft, 1959), and Wayside Canyon (Mefferd and
Johnson, 1967) (Figure 4). Schlaefer (1978) and Nelligan (1978) com-
pleted subsurface studies of the San Gabriel fault near Honor Rancho
and Newhall, respectively, as part of the present San Gabriel fault

project.



11

pauopuogp = pgo
(sauy paysop Kq paulino) DaJo JIDIsD) 3y Ul spIdY 110 ' 9unbyy

g — T

“
uokun) K9|sDH

—_—————

0861 HNS 1

(
uofAun) ) X
oo

G
(pqp) uokun) aioYd

(pqp) uokun)
:_ons__u\A
A7)
L

ol N
-7

\ -




12

STRATIGRAPHY

General Statement

Rock units ranging in age from Precambrian to Holocene occur
in the study area (Plate I). The stratigraphic column west of the San
Gabriel fault (Figure 5) shows a basement terrane of Precambrian
Palomas Gneiss which is faulted against Mesozoic (?) plutonic rocks
of Whitaker Peak. In the study area, basement is unconformably over-
lain by the marine middle to late Miocene Modelo Formation. One well
(#117b, ! Plate II) penetrates approximately 11, 000 feet (3,350 m) of
Modelo Formation. In this well, the Modelo unconformably overlies
the early Miocene Rincon Formation. It is not known what the Rincon
rests upon, as the base of this formation was not penetrated in the
well. However, in Canton Creek, located approximately two miles
(three km) west of the study area, the Rincon Formation overlies
marine Oligocene (?) to early Miocene Vaqueros Formation, which is
underlain in succession by nonmarine Oligocene Sespe Formation, and
marine Eocene strata (Shepherd, 1960). The Eocene rocks are in
fault contact with Whitaker Granodiorite. Pre-Miocene sedimentary
rocks similar to those which crop out in the Canton Canyon area have

not been penetrated in wells in the Castaic study area. The Modelo is

lNOTE: Wells are listed in Append.ix I by township-range-.

section, and by well index numbers on Plate II, and are in parentheses
throughout the text.
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unconformably overlain by the marine late Miocene to early Pliocene
Towsley Formation. The Towsley was depositgd in a submarine fan
environment in bathyal to outer neritic water depths (see note beneath
well #152, Plate IX). Overlying the Towsley Formation is the shallow
marine Pliocene Pico Formation, which is overlain by brackish water
to nonmarine strata of the Plio-Pleistocene Saugus Formation. The
Quaternary nonmarine Pacoima Formation (?) of Weber (1979) (aiter
Oakeshott, 1958) unconformably overlies the Saugus Formation in the
southern part of the study area (Plate I).

The stratigraphic column east of the San Gabriel fault (Figure 6)
begins with Pelona Schist basement. The schist has yielded radio-
metric ages which range from approximately 47 to 59 My (Haxel and
Dillon, 1978). The next youngest unit, the Paleocene San Francisquito
Formation, is not in contact with the Pelona Schist in the Castaic study
area (Plate I), but east of the area the two units are juxtaposed along
the San Francisquito fault (Dibblee, 1967). The San Francisquito
Formation was deposited as part of an extensive submarine fan sys-
tem which characterizes much of the early Tertiary deposits of
southern California (Sage, 1973a,b). The next unit is the nonmarine
Oligocene to early Miocene (?) Vasquez Formation which is in fault
contact with both the Pelona Schist on the south and the San Francis-
quito Formation on the north (Plate I). It is unconformably overlain

by the Charlie Canyon Megabreccia (Smith, 1977 after Sams, 1964).
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FIGURE 6: Generalized columnar section east of San Gabriel
fauit (see Plate I ; not to scale).
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The megabreccia is composed almost entirely of exotic, angular
blocks of quartz monzonite. The Miocene (?) San Francisquito Can-
yon Breccia (Sams, 1964) is in fault contact with the Vasquez Forma-
tion, Charlie Canyon Megabreccia, and Pelona Schist, and also over-
lies unconformably the latter two units. The most common lithology
in the San Francisquito Canyon Breccia comprises angular blocks of
Pelona Schist with subordinate quartzite, gneiss, and granite clasts.
This is the oldest unit in the area which contains Pelona Schist detri-
tus. Overlying the San Francisquito Canyon Breccia is the Mint
Canyon Formation of late Miocene age. Szatai (1961) described the
Mint Canyon-San Francisquito Canyon Breccia contact as an angular
unconformity, whereas Sams (1964) concluded that the two units inter-
tongue. The Mint Canyon unconformably overlies the Pelona Schist,
San Francisquito Formation, and Vasquez Formation (Plate I). The
Mint Canyon Formation of the Castaic area was deposited in an
alluvial fan and lacustrine environment. The Castaic Formation on-
lapped the Mint Canyon Formation from the west during a late Miocene
marine transgression into the Soledad basin. Although the Castaic
Formation is coeval with parts of the Modelo and possibly the Towsley
Formations which occur west of the San Gabriel fault, it has a micro-
faunal assemblage (Charlie Canyon fauna) which is distinct from the
assemblages found in the Modelo and Towsley. Schlaefer (1978) con-

cluded, however, that similarities between the two microfaunal
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assemblages indicate that the Castaic Formation of Soledad basin was
connected in some way with the Modelo and Towsley of the Ventura
basin. Stanton (1966) reached the same conclusion on the basis of his
study of megafauna from the Castaic Fo rmation. The shallow-marine
Pliocene Pico Formation unconformably overlies the Castaic Forma-
tion, and is itself unconformably overlain by brackish to nonmarine
Saugus Formation. The Pico does not crop out east of the San Gabriel
fault, but is present in the subsurface (Plates X111, X1v, XVI, XIX-
XXII). The Saugus Formation overlaps the Pico such that the Castaic
Formation is everywhere overlain by Saugus at the su rface. The sub-
crop of the Castaic-Pico contact at the base of the Saugus is shown on
Plate III. Quaternary alluvium and landslides are present in many
parts of the study area.

Fossil localities compiled from theses are located on the geo-
logic map (Plate I). The key for these locations is listed in Appendix

11,

Basement Complex

Four distinct basement terranes crop out in and adjacent to the
study area, and three are penetrated by wells (Figure 3). The ter-
ranes are: Precambrian Palomas Gneiss; Mesozoic (?) plutonic rock
rocks of Whitaker Peak, which are predominantly granodiorite; aplitic

quartz monzonite; and Pelona Schist.
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Near Palomas Canyon, the Palomas Gneiss (pgn; Precambrian)
crops out as a sliver bounded on the east by the San Gabriel fault and
on the west by the Canton fault of Crowell (1954b) which separates it
from the Whitaker Granodiorite. The gneiss is overlain by the Modelo
Formation (Plates I, IX, XXIV) with angular unconformity. The
Palomas Gneiss is correlated with Precambrian gneiss in the Alamo
Mountain region and with the Mendenhall Gneiss in the western San
Gabriel Mountains (Crowell, 1962). The Mendenhall Gneiss yields
ages of 1,650to 1, 680 and 1,425 to 1,450 My based on U/Pb isotope
relations in zircons (Silver, 1971). The most common variety of
gneiss is medium-crystalline and crudely banded as a result of alter-
nating layers of light colored quartz and feldspar with dark green
hornblende and muscovite. - Feldspar augen also are common.

Conoco Alexander #1 (well #130) penetrates approximately 2, 800
feet (855 m) of metamorphic rock correlated with the Palomas Gneiss
(Plate IX). Thin sections of 11 cores from this well were examined
and compared to outcrop samples of the gneiss. Major minerals
observed in thin section include pelochroic blue green hornblende
grains with a local poikiloblastic texture which is largely obscured
by intense shearing; pleochroic brown yellow biotite; plagioclase
extensively altered to clay minerals; quartz; and potassium feldspar,
locally as augen. Other abundant to rare minerals include epidote,

apatite, magnetite, and sphene (which generally rims magnetite
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grains). Secondary muscovite, leucoxene, chlorite, and calcite also
are present, All thin sections exhibit evidence of shearing; some have
a schistose fabric. Textures, indicative of deformation observed in
thin section, include suturing and granulation of crystal boundaries,
fracturing of hornblende, plagioclase, and potassium feldspar grains,
kinking of biotite cleavages, local preferred orientation of biotite
grains, and undulatory extinction and mortar texture in quartz. The
most common texture comprises relatively large crystals of potassium
feldspar, plagioclase, and quartz in a granulated groundmass of
quartz, biotite, hornblende, and feldspar. Varieties of gneiss
observed in Conoco Alexander #1l include apatite-magnetite (?)-
hornblende gneiss; apatite- and sphene-bearing hornblende-biotite
gneiss; epidote-hornblende gneiss. Thin sections of surface samples
of the Palomas Gneiss contain blue green hornblende, biotite,
strained quartz, plagioclase, potassium feldspar (including augen),
magnetite (?), and sphene rimming magnetite (?). Mineralogical
and textural similarities permit correlation of the metamorphic rock
in Conoco Alexander #1 with the Palomas Gneiss.

In the extreme northwest corner of the study area the Meso-
zoic (?) Whitaker Granodiorite crops out (Plate I). Different facies
are present within the massif, and rock composition ranges from
quartz diorite to granite, with granodiorite predominating (Shepherd,

1960).
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Three wells cored granitic rocks tentatively correlated with
the Whitaker Granodiorite (Figure 3). They are Continental Rynne-
Fisher #2 (well #171.), Union Alexander #1 (well #128), and Conti-
nental Vier Kenny #1 (well #126). Thin sections of cores from the
latter two wells were examined.

Core descriptions for Continental Rynne-Fisher #2 for the
interval 8,700 to 8, 706 feet (drilled depthz), indicate fragments of
weathered biotite granodiorite with pieces of dark gray brown, hard,
brittle, clayey siltstone. These cores are assigned to the Modelo
Formation because of the presence of siltstone and the weathered
characteristics of the granitic debris (Plate XIII). Fragments of 13
cores were recovered from 8, 827 feet to 8, 973 feet in the well. A
summary of these core descriptions is fresh to altered granodiorite,
white to gray, medium- to coarse-crystalline, with biotite, kaolinite,
secondary chlorite after biotite, secondary epidote after plagioclase,
with a vein of black siliceous material cutting one of the core frag-
ments. These cores are considered to be crystalline basement tenta-
tively correlated with the Whitaker Granodiorite.

Union Alexander #l penetrated approximately 900 feet (275 m)
of granitic rock (Plate XXIV). Fourteen sidewall cores of "biotite

granite' were taken from 3, 275 to 4, 043 feet in the well. Thin

> :
NOTE: All measurements in wells are drilled depths, unless

otherwise indicated.
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sections of a core taken at 3, 252 to 3, 281 feet were examired. Major
minerals are plagioclase ( ~25% of the rock) altered to kaolinite,
calcite, and muscovite; potassium feldspar (~30%), partially altered
to clay minerals, with common perthite and microcline twinning;
quartz ( ~30%) myrmekite developed with plagioclase; biotite (~15%),
primary, altered to chlorite and an opaque mineral (magnetite ?).
According to the IUGS classification of igneous rocks (Streckeisen,
1976), the rock is a biotite granite. Accessory minerals include zir-
con, apatite, and an opaque mineral (magnetite ?). The primary tex-
ture of the rock is modified by shearing, as indicated by granulated
and sheared crystal boundaries, undulatory extinction and mortar
texture in quartz, and kinked basal cleavages in biotite and secondary
muscovite. The kinking of secondary muscovite indicates that defor-
mation of the rock is younger than the secondary alteration. The bio-
tite granite in Union Alexander #1 is tentatively correlated with the
Whitaker Granodiorite.

Thin sections of five cores from Conoco Vier Kenny #1 (Figure 3)
were examined. Intervals cored were 4,382 to 4,390 feet, 4,562 to
4,568 feet, 4,568 to 4,577 feet, 4, 584 to 4, 589 feet, and 4, 605 to
4,612 feet. According to the IUGS classification of igneous rocks
(Streckeisen, 1976), one of the cores is biotite granodiorite, two are
biotite granite, and two are biotite granite to granodiorite. Major

minerals are plagioclase (from ~20 to 40% in the samples), altered
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to clay, sericite, and chlorite; potassium feldspar (from ~10 to 30%),
perthitic, with inclusions of plagioclase and apatite; quartz (from ~30
to 40%) myrmekite with plagioclase and micropegmatite with potassium
feldspar; biotite (~10% in all samples), primary, as individual crys-
tals and aggregates, altered to chlorite, muscovite, and an opaque
mineral which is embayed by quartz and potassium feldspar, with
inclusions of apatite and zircon. Accessory minerals include apatite,
zircon, and an opaque mineral (magnetite ?). Secondary chlorite,
muscovite, an opaque mineral (magnetite ?), and clays are present
in all samples. Evidence of deformation is observed in all thin sec-
tions, including granulated and sheared crystal boundaries, undulatory
extinction and mortar texture in quartz, and local kinking of basal
cleavages in biotite.

In all three wells which penetrate granitic basement, the granite
is ocverlain by arkosic sandstone, conglomerate (Tmdc), and gneissic
breccia (Tmecb) of the Modelo Formation (Plates XIII and XXIV).

The pre-Modelo Canton fault of Crowell (1954b) separates the
Whitaker Granodiorite from the Palomas Gneiss at the surface. . The

Canton fault also apparently separates the two units in the subsurface
(Plates IX and XXIV). If this fault forms the boundary between the
Whitaker Granodiorite and the Palomas Gneiss in the subsurface, it

must follow a permissive path as shown in Figure 3.
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The third major basement terrane in the study area is the Pelona
Schist, which crops out along the eastern margin of the area (Plate I).
The most common rock type is gray schist composed of albite, mus-
covite, and quartz in varying proportions (Ehlig, 1968). Radiometric
dates for the schist range from 47 to 59 My (Haxel and Dillon, 1978),
which suggest an early Tertiary age of metamorphism of the schist.
Mineral assemblages in the Pelona Schist exposed in Sierra Pelona,
of which the outcrops in the study area area a part, indicate meta-
morphism occurred at depths of 20 to 27 km (Graham and England,
1976). The Pelona Schist protolith comprised turbidites with a high
sand/shale ratio, submarine lava flows (relict pillow structures), and
small amounts of chert (now quartzite), and limestone (now marble),
possibly deposited on oceanic crust (Haxel and Dillon, 1978).
Petro-Tek #1 (well #3; Figure 3) penetrates approximately 1,700

feet (520 m) of "chlorite schist with quartz! which is correlated with
the Pelona Schist (Plate XVII). The driller's log describes the rocks
below 3, 078 feet as: chlorite schist; calcareous material (marble ?);
and vitreous quartz (quartzite ?). The driller's log also describes
brown, hard siltstone as occurring with the above lithologies. The
origin and characteristics of any siltstone are unknown, because none
has been reported in the Pelona Schist. The schist is separated from
the Vasquez Forrhation by the Francisquito fault at the surface, and

in Petro-Tek #1 {Plates I and XVII).
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East of the San Gabriel fault in T. 5N., R. 16W., sections 10
and 11, there is a body of shattered aplitic quartz monzonite (Meso-
zoic ?) (Plate I). No basement rocks similar to this body occur near
the San Gabriel fault. Smith (1977) suggested that this shattered body
occurs within a major fault zone, and he named it the St. Francis fault
zone. He correlated this fault zone with the San Juan-Chimeneas-
Morales faults of the La Panza and Caliente Ranges, and the Clemens
Well fault of the Mecca Hills and Orocopia Mountains. The aplitic
quartz monzonite within the St. Francis fault zone is correlated with
quartz monzonite in the La Panza Range. The once~continuous San
Juan-St. Francis fault zone of Smith (1977) was dismembered during
Miocene and later time by movements on the San Francisquito, San

Gabriel, and San Andreas faults (Smith, 1977, Figure 5).

San Francisgquito Formation

The name San Francisquito Formation was first applied by
Dibblee (1967) to a sequence of Paleocene to early Eocene (?), buff,
arkosic sandstone and conglomerate, dark gray mudstone, and silt-
stone which crops out in and adjacent to the Castaic study area
(Plate I). Early workers referred to this sequence as the Martinez
or "Martinez" Formation (Clements, 1932, 1937; Simpson, 1934;
Muehlberger, 1954, 1958; Jahns and Muehlberger, 1954; Crowell,

1954b; Stanley, 1966; and Konigsberg, 1967), the Necktie Canyon
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Formation (Harris, 1950), the Fish Creek beds (Smith, 1951), the
Fish Canyon Formation (Johnson, 1952; Szatai, 1961), and the
Elizabeth Canyon Formation (Miller, 1952; Szatai, 196l; and Sams,
1964). Sage (1973a) concluded that the San Francisquito Formation
was deposited in a submarine fan to basin floor environment, with
sediment transport primarily to the southwest. Sage (1973a) also pre-
sented a palinspastic restoration of late Paleocene deposits of sou-
thern California which placed the San Francisquito Formation of the
Elizabeth Lake Canyon area opposite Paleocene rocks of the Caliente
Range; this required approximately 30 miles (50 km) of post-Paleocene
right slip on the San Gabriel fault. Resistant sandstone, volcanic,
plutonic, and metamorphic clasts from the San Francisquito Forma-
tion are reworked in younger rocks throughout the Castaic study area.
No wells in the study area encountered the San Francisquito Forma-

tion.

Vasquez Formation

Hershey (1902b) described a sequence of nonmarine rocks in
Tick Canyon which he named the Escondido Series. Kew (1924) called
this sequence the Sespe (?) Formation, based on similar lithology and
stratigraphic position to the Sespe Formation of the Ventura basin.
Clements (1929, 1932) first mapped these rocks in the Castaic study

area as the Sespe Formation. Simpson (1934) considered the sequence
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to be of middle Miocene age; because this is younger than the Sespe
Formation of the Ventura basin, he dropped the name Sespe and re-
verted to Hershey's (1902b) Escondido Formation. Sharp (1935) rea-
soned that the name Escondido was preempted, and that eorrelation of
these rocks with the Sespe Formation was premature, therefore, he
renamed them the Vasquez Series of Oligocene (?) age. Subsequent
workers used the namé Vasquez Formation for these nonmarine rocks
of similar lithology and stratigraphic position which crop out in three
sub-basins within the Soledad basin (Muehlberger, 1954; Bohannon,
1976).

In the Castaic study area, the Vasquez Formation oc;cupies a
wedge-shaped basin, and comprises approximately 7, 200 feet (2,195 m)
of nonmarine sandstone, mudstone, siltstone, and conglomerate. The
formation is in fault contact with the San Francisquito Formation to the
north, and with the San Francisquito Canyon Breccia and Pelona Schist
to the south. It is overlain unconformably by the Mint Canyon Forma-
tion to the west and by the Charlie Canyon Megabreccia to the south
(Plate I).

The Vasquez Formation is divided into four members on the
basis of distinctive lithologies, following Sams (1964) and Bohannon
(1976): a lower member (Tvl), which includes the 'lowermost sand-
stone, " '"gray sandstone, ' and '"'shale and siltstone members" of Sams

(L964); a lower middle member (’Ivml), the '"maroon sandstone
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member! of Sams (1964); an upper middle member (Tvmz), the ''con-
glomeratic red mudstone member' of Sams (1964); and an upper mem-
ber (Tvu), the '"granite conglomerate member' of Sams (1964), which
overlies the upper middle member with slight angular unconformity.
The lower three members are conformable with one another.

The depositional environments of the Vasquez Formation were a
nonmarine saline lake for the lower member; an alluvial fan which
encroached into the lake from the east for the middle members; and
another alluvial fan, with a more southerly source, for the upper
member (Bohannon, 1976). Paleocurrent data for the Vasquez Forma-
tion indicate transport of sediment from the east, southeast, and
south (Bohannon, 197V6).

No fossils have been found in the Vasquez Formation, and the
Oligocene to early Miocene (?) age is based primarily on its strati-
graphic position. Southeast of the Castaic study area, the Vasquez
Formation includes volcanic flows interbedded with the sedimentary
rocks. Radiometric dates for these flows range from 20, 2+0.8 My
(Woodburne, 1975) to 24.9+2.1 My (Crowell, 1973a), indicating a late
Oligocene to early Miocene age for the formation.

Three wells in T. 5N., R, 16W., section 2 drilled rocks of the
Vasquez Formation (Plates I and XVII). These wells have been corre-
lated to the surface on the basis of the distinctive conglomerate of the

upper middle member (Tvmz) in the subsurface. The Vasquez is in
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contact with the Pelona Schist along the San Francisquito fault both at

the surface and in the subsurface.

Charlie Canyon Megabreccia

The Charlie Canyon Megabreccia (Smith, 1977, after Sams,
1964) disconformably overlies the Vasquez Formation (Sams, 1964).
Szatai (1961), however, described the Vasquez-Charlie Canyon Mega-
breccia contact as an angular unconformity. Sams (1964) mapped this
unit as the quar$z diorite megabreccia of the Vasquez Formation.
Most workers have included the megabreccia in the Vasquez Forma-
tion (Clements, 1929, 1932, 1937; Muehlberger, 1954; Jahns and
Muehlberger, 1954; Sams, 1964; Konigsberg, 1967; and Bohannon,
1976), but Miller (1952) mapped it separately as the West Fork For-
mation, and Szatai (1961) included it in his Charlie Canyon Formation,
which also included the overlying San Francisquito Canyon Breccia.
The Charlie Canyon Megabreccia was named by Smith (1977), and is
discussed separately here because it represents a distinct change in
sedimentation from the underlying Vasquez Formation (Sams, 1964;
Bohannon, 1976), and ‘because of its distinct lithology.

The Charlie Canyon Megabreccia is in fault contact with, and un-
conformably overlain by, the San Francisquito Canyon Breccia, and
is in fault contact with the Mint Canyon and Castaic Formations (Plate

I). It is approximately 1, 600 feet (490 m) thick, massive to poorly
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bedded, and comprises primarily coarse-crystalline quartz diorite
with rare gneiss clasts. A concentration of gneiss clasts within the
megabreccia was mapped by Sams (1964) in the southwest corner of
section 3, T. 5N., R. 16W. (gn. cl., Plate I). The absence of
reworked San Francisquito sandstone, volcanic, and granitic clasts,
which characterize the underlying Vasquez Formation is remarkable.
There is essentially no matrix between the tightly packed clasts and,
in some outcrops, veins can be matched in adjacent clasts, indicating
little relative movement between clasts during transport (Bohannon,
1976).

Sams (1964) and Bohannon (1976) interpreted the megabreccia
as a landslide mass derived fro¥n very close by. Overturned folds in
beds directly below the megabreccia indicate movement from southeast
to northwest (Bohannon, 1976).

There is no nearby source for the large blocks of quartz diorite
in the megabreccia. Smith (1977) suggested that the source area is in
the La Panza Range crystalline basement terrane, located approxi-
mately 110 miles (175 km) northwest of the study area. Major post-
Oligocene movements on the San Juan-St. Francis and San Gabriel
fault zones would have separated the Charlie Canyon Megabreccia
from its source. Bohannon (1976), in contrast, suggested that the
source area for the blocks may have been eroded off the Sierra Pelona

antiform.,
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San Francisquitc Canyon Breccia

Unconformably overlying the Charlie Canyon Megabreccia along
San Francisquito Canyon is a reddish gray breccia containing clasts of
Pelona Schist. Sams (1964) named this ‘unit the San Francisquito Can-
yon Breccia (Plate I).’ Most earlier workers included the breccia in
the Mint Canyon Formatibn (Clements, 1929, 1932, 1937; Wright,
1943; Muehlberger, 1954; and Jahns and Muehlberger, 1954), and Sams
(1964) stated that the breccia appears to intertongue southward with
the Mint Canyon Formation. Miller (1952) and Szatai (1 961) included
parts of the breccia in both the Mint Canyon and Charlie Canyon For~-
mations, although they defined these two formations differently. The
breccia is separated here from the Mint Canyon Formation because of
its distinct lithology.

The San Francisquito Canyon Breccia unc‘onforma.bly overlies
the Charlie Canyon Megabreccia, Pelona Schist, and aplitic quartz
monzocnite, and also is in fault contact With these units and the
Vasquez, Mint Canyon, and Castaic Formations (Plate I). Accord-
ing to Sams (1954), the breccia apparently intertongues with the Mint
Canyon Formation along the west side of San Francisquito Canyon.
However, Szatai (1961) considered the contact to be an unconformity.

Schist breccia is the most common réck in the unit, and com-

prises crudely bedded, subanguiar to angular slabs of Pelona Schist
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with minor quartzite, gneiss, and granite clasts, all in a reddish
gray, sandy matrix., The schist breccia exhibits a decrease in clast
size and an increase in numbers of granitic clasts to the south, where
it may intertongue with conglomerate of the Mint Canyon Formation.
Other lithologies present in the unit include yellow red conglomerate,
jasper-chert breccia, and a sandy, tuffaceous, fresh water limestone
bed five feet (1.5 m) thick. Szatai (1961) collected vertebrate fossil
fragments from the limestone which were dated as late Miocene
(Barstovian) in age (Locality F-38, Plate I, Appendix II). Higher in
the section, a yellow-red conglomerate yielded Ostrea sp. and an
unidentified foraminifer (?) (Sams, 1964), indicating a possible
‘marine depositional environment for the conglomerate (Locality F-39,
Plate I, Appendix II). The total thickness of the San Francisquito
Canyon Breccia is approximately 1, 300 feet (395 m). |

In the subsurface, Atlas Acosta #1 (well #26, Plate XVII) drilled
approximately 1, 800 feet (550 m) of schist boulders and ''shale’ which
are correlated with San Francisquito Canyon Breccia. Cores recov-
ered from this unit are described as schist boulders or schist
boulders in chocolate brown shale. A core taken near the bottom
of the well, at 3, 900 to 3, 910 feet, is described as ''gray shale:
firm, compact, not broken intc plates; brown shale; and a schist
pebble, two inches in diameter.' On the basis of the sedimentary

nature of this core, it was concluded that the basement of Pelona
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Schist was not reached in this well.

International Powell #301 (well #101) penetrates approximately
ten feet (three meters) of '"detrital schist and conglomerate’' at the
bottom of the well which also are correlated with San Francisquito
Canyon Breccia (Plate XIV).

Sams (1964) interpreted the San Francisquito Canyon Breccia
to be talus derived from adjacent Pelona Schist.

Sams (1964) and Szatai (1961) suggested a late Miocene age for
the San Francisquito Canyon Breccia on the basis of the vertebrate
fossils of Barstovian age (late Miocene) in the fresh water limestone
within the breccia (Szatai, 1961) and the intertongueing relationship
of the breccia with the Mint Canyon Formation (Sams, 1964).

The San Francisquito Canyon Breccia is the oldest unit in the
study area containing clasts of Pelona Schist, and thus it marks the
beginning of unroofing of Pelona Schist in the rising Sierra Pelona
antiform. Elsewhere in the Soledad basin, the Tick Canyon Forma-
tion (late early to earliest middle Miocene age, Jahns, 1940) is the
oldest unit to contain Pelona Schist clasts (Remenyi, 1966). The Tick
Canyon Formation occupies the same general stratigraphic position as
the San Francisquito Canyon Breccia, but the two formations are not
lithologically similar, and the Tick Canyon is older, based on non-

marine vertebrate fossils.
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Mint Canyon Formation

Hershey (1902b) described a sequence of nonmarine rocks, 1,700
feet (520 m) thick, in Tick Canyon which he named the Mellenia Series.
Kew (1924) renamed the unit the Mint Canyon Formation, because
""Mellenia'' was not a proper stratigraphic terﬁ for the formation.
Jahns (1940) distinguished the Tick Canyon Formation (late early to
earliest middle Miocene age) from the basal part of Kew's (1924) Mint
Canyon Formation. The Mint Canyon in the Castaic study area was
first mapped by Clements (1929), and his mapping of this unit is essen-
tially the same as that shown on Plate I of this report.

The Mint Canyon Formation rests with angular unconformity on
the Pelona Schist, San Francisquito, and Vasquez Formations. It also
is in fault contact with these units as well as the aplitic quartz monzon-
ite, Charlie Canyon Megabreccia, and San Francisquito Canyon brec-
cia. It apparently intertongues with the latter (Sams, 1964). The Mint
Canyon Formation is overlain unconformably by the Castaic Formation
in the study area (Plate II).

The Mint Canyon Formation crops out in two separate areas in
the study area (Plate I). The southern area (Tmc) extends southeast
from the vicinity of Charlie Canyon to the southeast corner of the map,
and the northern area extends southeast from the north-central margin

of the map to the southeast corner of section 4, T. 5N., R. 16W., and
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is named the Taylor Fanglomerate member (Tmct). Lithologies in
the two outcrop areas are significantly different.

Oufcrops in the southern area (Tmc) range in thickness from
approximately 1, 200 feet (365 m) near Charlie Canyon, to approxi-
mately 2, 300 feet (700 m) in the Dry Canyon area, and comprise gray,
buff, and yellow sandstone and conglomerate, red, silty mudstone,
and three beds of gray white tuff (Wallace, 1940; Martin, 1947). Clast
types in conglomerate include well-rounded sandstone, reworked from
the San Francisquito Formation, rounded to angular cobbles of Pelona
Schist, and granite and volcanic clasts.

The Taylor Fanglomerate member of the Mint Canyon (Tmct)
comprises approximately 400 feet (120 m) of conglomerate and breccia
in a red mudstone matrix. Clasts are almost exclusively reworked
from the nearby San Francisquito Formation and include predomi-
nantly subrounded to angular sandstone with lesser amounts of well-
rounded granite, volcanic, and ultramafic clasts. Pelona Schist
clasts are absent in the Taylor Fanglomerate, in contrast to the sou-
thern area where clasts of Pelona Schist are abundant, The Taylor
Fanglomerate is not recognized in the subsurface, therefore, the
Mint Canyon is not differentiated into members in the subsurface.

In the subsurface, the Mint Canyon (undifferentiated) comprises
alternating beds of red brown and gray sandstone and conglomerate,

with mottled red, brown, and green siltstone (Plate XIX), These
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lithologies contrast with the overlying Castaic Formation, which com-
prises gray brown sandstone, conglomerate, and siitstone. In con-
trast to the Mint Canyon, the Castaic lacks red and green mottling;
and has abundant megafossils, foraminifera, pyrite, and phosphatic
and carbonaceous material. The Mint Canyon is normally barren of
fossils in the subsurface, but where fossils are present, they are
mainly brackish water foraminifera and fresh water ostracods (Plate
XIV, well #101). The Mint Canyon also has a distinctive electric log
character of abruptly alternating high and low peaks on the spontaneous
potential and resistivity curves which further distinguish it from the
Castaic Formation in the subsurface (e.g. Plates XIV and XIX).

The Mint Canyon is distinguished from the underlying San Fran-
cisquito Canyon Breccia in the subsurface on the basis of the rela-
tively large amount of schist detritus in the latter unit (Plates XIV
and XVII),

The Mint Canyon Formation of the Castaic study area represents
alluvial fan deposits to the north and east and lacustrine deposits in the
subsurface to the south and west (Ehlig et al., 1975). Brackish water
foraminifera and freshwater ostracods in International Powell #301
(well #101, Plate XIV) indicate a brackish to nonmarine lacustrine
environment in this area. The different lithologies observed for the
Taylor Fanglomerate member, which has a notable lack of Pelona

Schist clasts, and the southern area of Mint Canyon outcrops, with
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abundant clasts of Pelona Schist, may be explained if separate
streams, with different provenances, emptied into the larger Mint
Canyon depositional basin to the south, as suggested by Wright (1943).

The age’ of the Mint Canyon Formation is middle to late Miocene
(Clarendonian to Barstovian Vertebrate Stages). This age as signment
has been somewhat controversial (see Winterer and Durham, 1962,
 p. 284-285 for complete discussion) because the Mint Canyon contains
early Pliocene vertebrates, especially Hipparion, whereas the inverte-
brate fauna indicates a late Miocene age. The Mint Canyon of the
Castaic study area is overlain by the Castaic Formation, dated as late
Miocene on the basis of an abundant marine fauna (Stanton, 1966). The
age of the Castaic Formation and the overlying Ridge Basin Group,
exposed in the northwest-plunging Ridge Basin syncline (Plate I),
ranges from 8.45 My for outcrops of Castaic Formation along Inter-
state 5 just north of the town of Castaic to 6. 0 My for the Piru Gorge
sandstone exposed in Piru Gorge approximately six miles (ten kilome-
ters) north of the Castaic study area, based on magnetic reversal
stratigraphy (R. Ensley, personal commun., 1980). This section of
Castaic Formation and the lower part of the Ridge Basin Group are late
Miocene in age, and baéed on superposition, the Mint Canyon can be no
younger than late Miocene also.

The middle to late Miocene dating of the Mint Canyon Formation

indicates that this formation is coeval with much of the marine Modelo
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Formation (Relizian, Luisian, and Mohnian foraminiferal stages of
Kleinpell, 1938). The Modelo crops out in the study area west of the
San Gabriel fault. Ehlig et al. (1975) measured predominantly beast-
west trending paleocurrents in the Mint Canyon. On the basis of a
distinctive clast assemblage and the paleocurrent data, they corre-
lated the Mint Canyon with the Miocene part of the Caliente Forma-
tion of the Lockwood Valley area. Since they were deposited, the
Mint Canyon and Caliente Formations have been separated by approxi-
mately 35 miles (60 km) of right-slip on the San Gabriel fault (Ehlig
et al., 1975). This fault movement explains the juxtaposition of non-
marine Mint Canyon with coeval marine strata of the Modelo Forma-

tion in the Castaic study area,

Castaic Formation

The Castaic Formation was named by Crowell (1954b) for a
sequence of marine siltstone, mudstone, sandstone, and conglomerate
of late Miocene age exposed in the vicinity of Castaic Creek. Earlier
workers referred to these strata as '"Modelo', Modelo, or Modelo (?)
Formation because they occupy the same stratigraphic position, and
are about the same age (late Miocene) as the Modelo Formation of the
Ventura basin. Crowell (1954b) distinguished the Castaic Formation
from the Modelo because of lithologic differences; primarily, the

Castaic is deficient in sandstone and conglomerate when compared
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to the type Modelo.

At the surfé,ce, the Castaic rests upon the Mint Canyon Forma-
tion with a slight angular unconformity. It is in fault contact with the
Vasquez Formation, Charlie Canyon Megabreccia, and San Francis-
quito Canyon Breccia, and it intertongues with the Violin Breccia
along the San Gabriel fault (Plate I).

The Castaic is unconformably overlain by the Pico Formation
in the subsurface, and, north of where the Pico wedges out, by the
Saugus Formation (Plates XII, XIV, and XIX to XXII).

The angular unconformity between the Castaic and Mint Canyon
Formations is best defined in the subsurface (Plate XIV). The lowest
electric log correlation in the Castaic Formation is about 250 feet
(75 m) above the top of the Mint Canyon in International Powell #301
(well #101), whereas in Sun Dodge #1 (well #92) approximately 1, 370
feet (415 m) of Castaic Formation is found below the same electric
log marker, and the top of the Mint Canyon is not reached. This
apparently represents a west-to-east onlap of the Castaic Formation
onto the Mint Canyon.

In the study area, the Castaic Formation comprises 1,700 to
7, 000 feet (520 to 2, 135 m) of marine, brown gray mudstone, silt-
stone, sandstone, and conglomerate. Carbonaceous matter is ubiqui-
tous, and coal beds are commonly reported in drillers' logs (e.g.

Plate XIV, wells #103 and 109; Plate XXI, well #132; cf. Skolnick and



39

Arnal, 1959). Bentonite, pyrite, and phosphatic material also are
common in this unit, Sandstone and conglomerate, comprising a
higher proportion of the section near the eastern and northern mar-
gins of the study area, become less common to the south and west,
where the thickest section of Castaic is found (e.g. Plate X). How-
ever, a thick conglomerate in the Castaic is found locally in wells
near the San Gabriel fault (Plate XII, well #56; Plate XIII, well #79).
This conglomerate may be a proximal turbidite fan deposited against
an east-facing scarp of the ancestral San Gabriel fault. The lack of
subsurface control of the lower part of the Castaic Formation near
the San Gabriel fault prevents a detailed facies analysis of the con-
glomerate,

West of the San Gabriel fault, the Pliocene Pico Formation is
underlain by the Towsley Formation (Plate I). Though coeval, in part,
with the Castaic Formation which underlies the Pico east of the San
Gabriel fault, the Towsley contains abundant conglomerate. However,
strata tentatively correlated with the Castaic Formation are present
in three wells located west of the main branch of the San Gabriel fault
(wells #140, 141, and 150; see Plates V and XI). In Macson Radovich
#1 (well #141, Plate XI), the strata below the Pico lack thick beds of
conglomerate, exhibit a mixture of Pliocene (Delmontian ?) and Mio-
cene (Mohnian) microfossils, contain fault breccia, and have a relative

abundance of carbonaceous and phosphatic material, and bentonite.
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These features are more characteristic of the Castaic Formation than
the Towsley. The paleontology report 'fo>r Macson '"Radovich'' #1 also
indicates the presence of the Charlie Canyon fauna (CCF) which char-
acterizes the Castaic Formation, at 3, 151-3, 171 feet. On the basis
of the distinctive lithology and paleontology, the strata beneath the
Pico in Macson Radovich #1, Macson Lindsay #1 (well #141), and
below 3, 400 feet in Morton and Dolley and MIM&M Radovich #1 (well
#150) are tentatively correlated with the Castaic Formation. As a
result, a pre-Pico strand of the San Gabriel fault, San Gabriel fault
"C' is inferred to be present in the subsurface, west of the main
San Gabriel fault '"B' of this report (Plates IV, V, and XI).

The Castaic-Mint Canyon contact is located in the subsurface
by: (1) down-section changes from gray-brown mudstone, sandstone,
and conglomerate to red, browAn, and green sandstone, conglomerate,
and mottled siltstone (Plate XIX); (2) changes from strata containing
marine Miocene megafossils and foraminifera to barren rocks or to
strata containing fresh and brackish water faunas (Plate XIV, well
#101); (3) changes from strata with common phosphatic and carbona-~
ceous material and pyrite, to rocks lacking these (Plate XIX) and;

(4) abruptly alternating spontaneous potential and resistivity curves
on electric logs which characterize the Mint Canyon Formation
(Plates XIV, XVII, qnd XIX).

The contact of the Castaic with the overlying Pico or Saugus is
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marked by the appearance of relatively thick basal conglomeratic
sandstones which are either barren of fossils, or contain Pliocene
faunas (Plate XII). Where the Pico or Saugus are less coarse, the top
of the Castaic is located on the first appearance of the Miocene Charlie
Canyon fauna (Mohnian, CCF; Plate XX, Texaco WCU #48, Plate XXI,
well #44b).

According to Stanton (1966), the deposition of the Castaic Forma-
tion occurred in a transgressive marine environment. Facies recog-
nized include: a basal, coarse-grained nearshore unit with a rich
megafauna; a fine-grained mid-basin unit of alternating mudstone and
sandstone which is poor in megafauna but rich in microfauna; a breeccia
(Violin Breccia) which accumulated along the base of the San Gabriel
fault and intertongued with the fine-grained mid-basin facies (Plates I,
IX, and X); and a conglomerate close to the San Gabriel fault and south-
east of the Violin Breccia.

Skolnick and Arnal (1959) described the microfauna which charac-
terizes the Castaic Formation. This microfauna is referred to infor-
mally as the Charlie Canyon fauna (CCF) by the petroleum industry,
and is assigned to the Mohnian and Delmontian (?) Stages of Kleinpell
(1938). The Delmontian faunas suggest that the Castaic Formation

may extend into Pliocene time. Stanton (1966), however, concluded

that the Castaic megafauna was exclusively late Miocene in age. The

magnetic reversal stratigraphy of the Ridge basin indicates that the age
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of the Castaic Formation, and the overlying Ridge Basin Group exposed
in the northwest-plunging Ridge Basin syncline (Plate I), ranges from
8. 45 My for outcrops of Castaic Formation along Interstate 5 north of
the town of Castaic to 6. 0 My for the Piru Gorge sandstone exposed in
Piru Gorge approximately six miles (ten kilometers) north of the
Castaic study area (R. Ensley, personal commun., 1980). Because
the base of the Delmontian stage of Kleinpell (1938) is approximately
6.0 My (Boellstorff and Steineck, 1975), Delmontian faunas should not
occur below the Piru Gorge sandstone of the Ridge Basin Group, or in
the underlying Castaic Formation.

Both the megafauna and the microfauna of the Castaic Formation
are predominantly shallow-water, nearshore assemblages. However,

deep water microfossils such as Globigerina, Gyroidina, coupled with

radiolarians within the Charlie Canyon fauna suggest an open marine
environment (Schlaefer, 1978; Stanton, 1966). Winterer and Durham
(1962, cf. Figure 68) suggested that the Soledad basin may have con-
nected with the Ventura basin in late Miocene time. Paschall and Off
(1961) and Schlaefer (1978) noted the presence of Charlie Canyon fauna
in wells in Honor Rancho oil field west of the San Gabriel fault within
strata assigned to the Modelo Formation (Schlaefer, 1978; Plates VII
and VIII), which indicates a possible link between the two basins dur-

ing Mohnian time. The distribution of the Violin Breccia and the
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conglomerate facies within the Castaic suggest that the link was south-

east of the Castaic study area.

Violin Breccia

Near the San Gabriel fault, fine-grained rocks of the Castaic
Formation intertongue with and overlie the Violin Breccia (Plates I
and IX). This breccia accumulated as talus at the base of the San
Gabriel fault scarp (Crowell, 1952, 1954b). The oldest breccia beds:
intertongue with siltstone of the Castaic Formation that have early
Mohnian faunas (Plate IX, well #130). Crowell (1952), using the age
of the breccia, dated the onset of movement on the San Gabriel fauli;
as Mohnian (late Miocene). The Violin Breccia can be traced in the
subsurface at least as far as 4,400 feet (1, 340 m) southeast of the
nearest breccia outcrop. In Max Pray NL& F #1 (Plate X, well #132),
two lenses containing green, angular gneiss clasts in a fine, silty
sandstone matrix were drilled from 1, 880 to 1, 920 feet and 2, 020 to
2,030 feet. These lenses are correlated with the Violin Breccia, and
a larger body of Violin Breccia is inferred to be present along the
San Gabriel fault in the subsurface near this well (Plate X).

At the surface, the Violin Breccia mainly consists of angular
blocks of blue-quartz gneiss and augen gneiss, with minor granite
and diorite-gabbro clasts in a reddish brown sandy matrix (Weber,

1979).
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Rincon Formation

West of the San Gabriel fault, Gulf J. I. Hathaway #1 {well #11 7b)
penetrates approximately 11, 000 feet (3, 355 m) of Modelo Formation
and approximately 800 feet (245 m) of gray shale, siltstone, and sand-
stone correlated with the Rincon Formation. The Rincon Formation,
named by Kerr (1931), does not crop out in the Castaic study area
(Plate I). Shepherd (1960), near Canton Creek, described a sequence
400 foot {120 m) thick of grayish brown and brown siltstone and clay-
stone, with minor hard, calcareous, fine-grained sandstone of the
Rincon Formation. This locality is approximately two miles (three km)
west of the study area. Cemen (1977) described a complete section of
Rincon, 2, 800 feet (855 m) thick, in the subsurface west of Piru Creek,
approximately eight miles (13 km) southwest of the study area. It is
not known what the Rincon Formation rests upon in J. I. Hathaway #1,
but at Canton Creek, it is underlain by the late Oligocene Vagqueros
Formation (Shepherd, 1960).

The age of the Rincon at Canton Creek and in Gulf J. I. Hathaway
#lr is early Miocene (Zemorrian and Saucesian Stages of Kleinpell,
1938).

The Rincon Formation is overlain by the Modelo Formation with
angular unconformity at the surface, but the type of contact in J. L.

Hathaway #1 is not known.
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Modelo Formation

Eldridge and Arnold (1907) first named the Modelo Formation
for 10, 000 feet (3050 m) of sandstone and mudstone exposed near
Modelo Canyon. Kew redefined the Modelo, and he recognized two
mudstone (*shale") and three sandstone members in the formation.

Kew mapped the Modelo as resting on the Vaqueros Formation, and
included the Rincon Formation as the lower ''shale' member of the
Modelo. Crowell (1954b) mapped the Modelo Formation in the Castaic
study area, and recognized lower, middle, and upper members, each
separated by an angular unconformity. The upper member of Crowell
(1954b) was referred to as the Towsley Formation by Paschall and Off
(1959), and their usage is followed in this report.

The Modelo Formation of the Castaic study area comprises up
to 11, 000 feet (3, 355 m) of alternating beds of gray brown. siltstone,
brown to black laminated mudstone, and gray, arkosic, fine-grained
to conglomeratic sandstone. Locally, a basal breccia (Tmcb), which
contains angular clasts of gneiss with less common clasts of anorthos-
ite and granite in a red brown sandy matrix, is developed near the
Palomas Gneiss sliver (Plates I and XXIV). In eastern outcrops and
in the subsurface, the Modelo contains a prominent gray brown con-
glomerate, named the Devil Canyon conglomerate by Crowell (1953)

(Tmdc; Plates I, IX, X, XIII, and XXIV). This conglomerate contains
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an early Mohnian fauna and is charécterized by angular to subrounded
clasts of anorthosite, granite, metamorphic, and volcanic rocks.
Some anorthosite clasts reach several feet izi diameter, with the
largest adjacent to the San Gabriel fault (Crowell, 1952). Clast size
distribution indicates a source to the northeast. Becé,use no anorthos-
ite is now present across the San Gabriel fault, Crowell (1952) sug-
gested that in late Miocene (early Mohnian) time, the anorthosite com-
plex in the western San Gabriel Mountains was adjacent to the accumu-
lating Devil Canyon conglomerate. Right slip of approximately 30
kilometers on the San Gabriel fault later displaced the Devil Canyon
conglomerate from its source terrane.

In three wells (#126, #128, and #171l, Figure 3), the Devil
Canyon conglomerate rests upon a granitic basement which is corre-
lated to Whitaker Granodiorite (Plates XIII and XXIV), but in Gulf
J. I. Hathaway #1 (well #117b) approximately 3, 000 feet (915 m) of
early Mohnian sandstone, correlated with the Devil Canyon conglomer-
ate, is underlain by another 4, 000 feet (1, 220 m) of Modelo. The
Modelo sandstone, siltstone, and mudstone contain foraminifera of
the early Mohnian, Luisian, and Relizian stages of Kleinpell (1 938).

In the Gulf well, approximately 11, 000 feet (3, 355 m) of Modelo rests
upon the early Miocene Rincon Formation.

In the Castaic study area, the Modelo Formation is overlain with

angular unconformity by the Towsley Formation. The Modelo- Towsley



47
contact is generally the base of a thick, red brown conglomerate
(Hasley or Santa Felicia conglomerate; Ttcb; Plates I, IX-XVI, XXIII,
XXIV). However, in two areas in the subsurface, the Hasley conglom-
erate is not present (Plate V), and the base of the Towsley is located
on the basis of either paleontology or electric log correlations with
nearby wells containing Hasley conglomerate. In six wells in sections
21, 22, 27, 28, and 29, T. 5N., R. 17W., a conglomerate-filled
channel lies immediately below the base of the Hasley conglomerate.
This channel appears to merge with the Hasley conglomerate to the
south, so it is included in the Towsley Formation (Plate V).

The environment of deposition of the Modelo Formation has been
interpreted by Berger (1977). West of the Ramona and Del Valle oil
fields, southwest of the Castaic study area, the sandy, conglomerate-
free rocks of the Modelo were deposited as a series of coalescing
deep water fans. East of Ramona and Del Valle, including the Castaic
study area, Modelo sandstones are conglomeratic and were deposited
as a more shallow, marginal marine facies. Paleobathymetry studies,
based on benthic foraminifera in two wells, indicate outer neritic to
upper bathyal water depths for deposition of the Modelo Formation
(well #159, and well #152, Plate IX).

The age of the Modelo is middle and late Miocene (Relizian,
Luisian, and early to late Mohnian Stages of Kleinpell, 1938). Where

the Devil Canyon conglomerate overlies the basement near the
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San Gabriel fault, the basal Modelo Formation is early Mohnian (late
Miocene) in age, and suggests that the Modelo Formation onlapped the
basement from west to east along the eastern margin of the Ventura

basin during late Miocene time.

Towsley Formation

The Towsley Formation was named by Winterer and Durham
(1954). Previously, Eldridge and Arnold (1907) included these rocks
in the Modelo and Fernando Formations, Kew (1924) included them in
the Modelo and Pico Formations, Oakeshott (1958) referred to them as
the Elsmere member of the Repetto Formation, and, in the Castaic
study area, Crowell (1954b) included them as the upper member of the
Modelo Formation. In the study area, the Towsley Formation is found
only west of the San Gabriel fault (e.g. Plates I, V, IX, and X).
Crowell (1953) mapped four members of his upper Modelo (Towsley
of this report); a lower, red-brown conglomerate (Ttcb, Plate I;

Santa Felicia or Hasley conglomerate); a lower, green-brown silt-
stone (Tts, Plate I); an upper red-gray conglomerate (Ttc, Plate I);
and an upper, green-brown siltstone (Tts, Plate I). Cemen (1977)
recognized these four members in the Towsley Formation near Piru
Creek, approximately two miles (three kilometers) southwest of the
Castaic study area. In the subsurface, a four-fold subdivision of the

Towsley Formation was found to be impractical. The upper
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conglomerate is not everywhere separrated from the lower conglomer-
ate (Plates I, IX, XIV, and XV), and there commonly are more than
two distinct conglomerates within the Towsley Formation (Plates XIV-
XVI). In contrast to the Hasley conglomerate, which is comparatively
sheet-like and of relatively uniform thickness, overlying conglomerate
beds in the Towsley Formation are lenticular in cross section, and
have many of the characteristics of channelized suprafan deposits

(cf. Walker, 1978, Figure 18). The Hasley conglomerate contains
anorthosite clasts which generally are subrounded to well-rounded.
These clasts may be reworked from the underlying Devil Canyon con-
glomerate, which subcrops against the base of the Hasley conglomerate
near the San Gabriel fault (Plate VIII; also Paschall and Off,” 1959,
1961, and Weber, 1979). However, some of the anorthosite clasts
may have been derived from the anorthosite complex in the western
San Gabriel Mountains. Weber (1979) reported no clasts of anorthosite
in Towsley or Pico conglomerates above the Hasley. However, core
descriptions in one well (well #170, Plate XXIV) suggest that there are
anorthosite clasts in conglomerate of the Pico Formation.

In the subsurface, the Towsley overlies the Modelo Formation
with angular unconformity (Plate XXIV). This contact appears to
become conformable in the subsurface in the southwestern part of the
study area (Plates XII and XXIII). The subcrop of the Modelo

siltstone-Devil Canyon conglomerate contact against the base of the
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Towsley indicates a northwest paleostrike of the Modelo Formation
near the San Gabriel fault during deposition of the Hasley conglomerate
(Plate VIII). As mentioned in the discussion of the Modelo Formation,
the contact between the Towsley and Modelo is usually the base of the
Hasley conglomerate, except as noted on Plate V, where a conglomer-
ate-filled channel lies immediately below the Hasley, or where the
Hasley is not present.

The contact between the Towsley and the overlying Pico Forma-
tion is a slight angular unconformity. The Towsley thins gradually
from south to north and from east to west (Plates IX, X, XXIII, and
XX1V).

In the eastern part of Castaic Hills oil field, in section 36,

T. 5N, R. 17W., the Towsley Formation changes abruptly in thickness
and lithology (Plates XIII-XVI). In this area, the Castaic Hills fault
cuts the Modelo and Towsley Formations, but not the Pico Formation.
The Towsley is thicker by up to 900 feet (275 m) east of the fault than
it is to the west, Electric log correlations also become difficult in

the Towsley across this fault. It is possible that the thickening and
poor correlation observed in the Towsley Formation may be explained
if the Castaic Hills fault was active during deposition of the Towsley,
acting as a growth fault. This would permit a thicker accumulation

of Towsley on the downthrown side of the fault, and lithologies would

not correlate well across the fault,
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In the northern area of production in the Castaic Hills oil field
(Figure 4), in section 26, T. 5N., R. 17W., the Towsley is juxtaposed
against rocks tentatively correlated with the Castaic Formation across
San Gabriel fault ""C'" (Plates V and XI).

Deposition of the Towsley Formation occurred in bathyal to
outer neritic water depths (Plate IX, well #152; Plate XII, well #250),
in a proximal, submarine fan environment. The facies seen in the
Towsley Formation in the Castaic Hills oil field, where there is a
close well control, are similar to those suggested by Walker (1978)
for a prograding submarine fan system (Plates XIII-XVI). The ver-
tical sequence of such a system comprises a basal, blanket-like
sandstone of the lower fan association (Hasley conglomerate, Ttcb)
and a mudstone or siltstone blanket (Tts) deposited between lenticu-
lar, channelized, thick, pebbly sandstones of a suprafan lobe facies
(Ttc) (cf. Walker, 1978, figure 18). The Towsley Formation, in its
type area south of Castaic, comprises typical turbidites which exhibit
displaced foraminiferal faunas, broken megafossils, graded bedding,
and abrupt facies changes (Winterer and Durham, 1962).

Microfauna in the Towsley Formation indicate a late Miocene
to early Pliocene age {late Mohnian and Delmontian stages of Klein-
pell, 1938). Thus, the Towsley may be coeval, in part, with the
Castaic Formation east of the San Gabriel fault. Where these forma-

tions are juxtaposed along the San Gabriel fault in the Castaic area,
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they have dissimilar lithologies and faunas (Plates X-XVI). Conglom-
eratic sandstone of the Towsley submarine fan system thickens and
coalesces sourceward to the San Gabriel fault, but similar conglomer-
ate is absent in coeval strata east of the fault. Instead, relatively
fine-grained siltstone and mudstone of the Mohnian Castaic Forma-
tion are encountered. These fine-grained clastics cannot be the
source for the conglomeratic Towsley turbidites. As suggested by
Crowell (1952), the Towsley fan system probably was derived from the
San Gabriel Mountains, which were later displaced southeastward by

strike-slip on the San Gabriel fault, thus beheading the fan system.

Pico Formation

Rocks of the Pico Formation were originally assigned to the
Fernando Formation by Eldridge and Arnold (1907). Their Fernando
rests unconformably upon the Modelo, and is overlain by Pleistocene
nonmarine strata. Kew (1924) elevated the Fernando to group status
and subdivided it into the early Pliocene Pico Formation and the
late Pliocene and early Pleistocene Saugus Formation. The Pico of
Kew (1924) rests unconformably upon the Modelo Formation, and is
separated from the overlying Saugus by an angular unconformity.
Oakeshott (1958) separated the Pico Formation of Kew (1924) into the
early Pliocene Repetto Formation, and the middle to upper Pliocene

Pico Formation. Oakeshott (1958) subdivided the Pico into three

members; a lower Pico member (middle Pliocene) a middle
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Pico member (late Pliocene); and the upper brackish to nonmarine
Sunshine Ranch member (late Pliocene). The lower and middle mem-
bers of the Pico Formation of Qakeshott (1958) are characterized by
microfaunas of the Venturian and Wheelerian foraminiferal stages,
respectively, of Natland and Rothwell (1954). Winterer and Durham
(1962) renamed Oakeshott's Repetto Formation as the Towsley Forma-
tion, because the type Repetto, in the Los Angeles basin, is lithologi-
cally different. Winterer and Durham (1962) also placed the Sunshine
Ranch member of the Pico Formation of Oakeshott (1958) in the over-
lying Saugus Formation. The stratigraphic nomenclature of Winterer
and Durham (1962), for Pliocene strata of the eastern Ventura basin,
is used in this report.

West of the San Gabriel fault, the Pico rests unconformably on
the Towsley Formation (e.g. Plates I, XXIII, and XXIV). In the sub-
surface, the base of the Pico is normally a conglomeratic sandstone
resting on Delmontian siltstone (e.g. Plate XXIII, well #242).

East of the San Gabriel fault, the Pico Formation is present
only in the subsurface where it overlies the Castaic Formation with
angular unconformity (Plates XII, XIV, XVI, XIX-XXII). The Pico
is overlapped by the Saugus Formation such that Saugus rests directly
on the Castaic Formation northeast of the point of overlap. The sub-
crop of the Castaic-Pico contact against the base cf the Saugus is

shown on Plate III.



In the subsurface on both sides of the San Gabriel fault, the
Pico Formation compris‘es up to 1,400 feet (425 m) of gray, green
gray, and white gray, lenticular, fine-grained to pebbly sandstone,
and gray to gray green, clayey to sandy, bioturbated siltstone (e.g.
Plate XII, well #250). | Clasts recognized in cores of Pico conglomer-
ate include anorthosite (?), schist, and other metamorphic and
granitic rocks.

The Pico of the Castaic study area is mainly of shallow-marine
origin, and represents the last marine deposits in the eastern Ventura
basin as the Pliocene sea regressed westward.

The age of the Pico Formation in the study area is early to late
Pliocene. Most paleontology reports for wells in the Castaic area
describe Pico faunas as undifferentiated Pliocene or "Pico.' There
are no references to the Venturian or Wheelerian Stages, and few of
the Repettian of Natland and Rothwell (1954) (Plates XII, well #250,
XVI, well #164, and XXIII, well #242). The Pico faunas are so pro-
vincial that it is not possible to correlate local faunal boundaries to

an absolute time scale {cf. Ingle, 1967).

Saugus Formation

Hershey (1902b) recognized nonmarine rocks near the town of
Saugus which he referred to as the "'Saugus division'' of the late

Pliocene series. Eldridge and Arnold (1907) included these rocks
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in their Fernando Formation. Kew (1924) divided the Fernando of
Eldridge and Arnold (1907) into the early Pliocene Pico Formation
and the late Pliocene Saugus Formation. Winterer and Durham (1962)
characterized the Saugus of the eastern Ventura basin as including a
lower shallow-marine to brackish water member (Sunshine Ranch),
and an upper unnamed nonmarine member. Oakeshott (1958) had
earlier included the Sunshine Ranch as the upper member of his Pico
Formation. The nomenclature. of Winterer and Durham (1962) is fol-
lowed in this report, Qutcrops of Saugus Formation in the Castaic
study area‘ are all part of the nonmarine Saugus. The Sunshine Ranch
lithology is recognized in the subsurface (e.g. Plate XIII, well #73
and #7¢), but is not differentiated because the Sunshine Ranch member
cannot be correlated consistently between wells in the study area.

West of the San Gabriel fault, the Saugus disconformably over-
lies the Pico Formation. KEast of the San Gabriel fault, the Saugus
unconformably overlies both the Pico and Castaic Formations. The
Charlie Canyon anticline, Charlie Canyon syncline, Castaic anticline,
and Ridge Basin syncline deformed the Castaic Formation prior to
deposition of the Saugus Formation. The subcrop of the Castaic~Pico
contact against the base of the Saugus is shown on Plate III.

Near its base, the Saugus Formation consists of green gray and
gray pebbly sandstone and green gray siltstone which may contain

marine to brackish water faunas of the Sunshine Ranch member
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(Plate XXI, well #73, Plate XXII, well #74 and #76). The green gray
colér of the siltstone and sandstone of the Saugué contrasts with the
gray and gray brown color so dominant in Pico siltstone and sandstone.
Few core descriptions are available for the nonmarine member of the
Saugus Formation, but at the surface, gray green lenses of siltstone
are present and alternate with beds of red brown and gray pebbly
sandstone. Pebbles and cobbles in Saugus conglomerate are well-
rounded and include clasts of granite, anorthosite, Pelona Schist,
volcanic and metamorphic rocks, and San Francisquito sandstone.

The well-rounded clasts suggest that most of them are reworked from
older formations. Weber (1979) subdivided the Saugus Formation of
the Castaic area on the basis of clasts contained in conglomerates:
Saugus with clasts of gray brown, resistant sandstone of the San
Francisquito Formation, but none of Pelona Schist (QTss); and Saugus
which contains clasts of Pelona Schist, but not of anorthosite (QTsp)
(Plate I). These members could not be recognized in the subsurface
because, being part of the nonmarine Saugus, they rarely are cored in
the subsurface. However, west of the San Gabriel fault, projection of
the surface contact between QTss and QTsp, parallel to the base of the
Saugus Formation as mapped in the subsurface, suggests that QTsp
conformably overlies QTss (Plates XII and XXIII). East of the San
Gabriel fault, the surface trace of the QTss-QTsp contact does not

conform to bedding attitudes, suggesting that here the contact may cut
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across bedding and be a facies boundary.

In the subsurface, the base of the Saugus Formation was placed
at the top of the marine Pliocene, where paleontology reports were
available (e.g. Plate XIII). This paleontological pick was found to
correspond with a reasonably good electric log signature. The
spontaneous-potential and resistivity curves for rocks of the basal
Saugus commonly exhibit a gradual upward incfea.se in amplitude,
indicating a coarsening-upward vertical sequence from siltstone to
sandstone (e.g. Plate XVI). Electric log correlation of the Pico-
Saugus contact is locally difficult where the upper Pico is conglomer-
atic (e.g. Plate XIV). East of the San Gabriel fault, where Saugus
rests upon the Castaic Formation, the contact usually was picked
based on the first appearance of Mohnian Charlie Canyon fauna (CCF),
or of gray brown, hard mudstone and siltstone of Castaic lithology
(e.g. Plates XIV and XX).

At the surface, the Saugus Formation is unconformably overlain
by the Quaternary Pacoima Formation (?) of Weber (1979) and alluvial
deposits (Plate I).

Deposition of the Saugus Formation represents the final regres-
sion of the marine Ventura basin westward out of the Castaic study
area, The Sunshine Ranch member was deposited in a brackish
water lagoonal environment, followed in vertical succession by pro-

grading alluvial fan gravels and silts of the nonmarine member of the
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Saugus (Winterer and Durham, 1962, figure 54).

The age of the Saugus Formation in the Castaic study area is
late Pliocene to Pleistocene. Pliohippus teeth have been reported
from four localities by Pollard (1958) (F-32 through F-35,k Plate I,
Appendix II). Remains of a Pleistocene bison were found near the
San Gabriel fault zone in what is shown as Pico Formation on Plate 1
(Loocality F-37, Appendix II). As suggested by Pollard (1958), these
remains may have been deposited in the Saugus Formation or in ter-
race material which has since been disrupted by movement on the
San Gabriel fault. Paleontology reports from wells in the study area
indicate a Pliocene to Pleistocene (?) age for the sparsely fossilifer-

ous lower part of the Saugus (e.g. Plate XXII).

Pacoima Formation (?) of Weber (1979)

Oakeshott (1958) named the Pacoima Formation for fanglomerate
found around the western margin of the San Gabriel Mountains. These
lie unconformably upon the Saugus Formation and are unconformably
overlain by Quaternary terrace deposits. Eldridge and Arnold (1907)
designated these deposits as '"Pleistocene Formations'' which uncon-
formably overlie their Fernando Formation. Kew (1924) and Winterer
and Durham (1962) mapped these rocks as Quaternary terraces.

Weber (1979), after Oakeshott (1958), mapped a small outcrop of

Quaternary Pacoima Formation (?) along Castaic Creek in the
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southern part of the study area (Plate I).
The Pacoima fanglomerate is poorly to well-consolidated and
contains angular pebbles and boulders in a reddish brown sandy ma-

trix; the San Gabriel Mountains were the source.

Older Alluvium

In the study area, older alluvium (Qoal) is present mainly along
Haskell, Dry, San Francisquito, Charlie, and Elizabeth Lake Can-
yons, and Castaic Creek (Plate I). Older alluvium includes terraces
and older fan deposits and comprises poorly to unconsolidated sand
and gravel. A bison of possible Holocene age was found in strata
mapped as older alluvium (Pollard, 1958; Locality F-36, Plate I,

Appendix II).

Intermediate-Age Alluvium

Unconsolidated sand and gravel which have been somewhat dis-
sected (Qoa.z) are mapped along Castaic Creek in the southern part of
the study area, and at the mouth of Grasshopper Canyon where it

joins Castaic Creek (sections 13 and 14, T. 5N., R. 17W., Plate I).
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Younger Alluvium

Younger alluvial deposits (Qal) of unconsolidated silt, sand, and
gravel are found throughout the Castaic study area (Plate I). They
represent colluvium, Slope wash, stream channel, and floodplain

deposits.

Landslides

Landslides (Qls) are mapped throughout the Castaic area, espe-
cially along the upper reaches of San Francisquito, Marple, Santa
Felicia, and Hasley Canyons (Plate I). Landslides are distinguished
on the geologic map (after Weber, 1979) as being either surficial or
bedrock slides. Siltstone of the Towsley, Modelo, and Castaic Forma-

tions are especially susceptible to sliding.
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STRUCTURE

General Statement

Major structures in the Castaic study area (Figure 7, Plate I)
may be subdivided according to age into three stages., Stage I struc-
tures (Figure 8) pre-date deposition of the Mint Canyon Formation.
They include the eastern part of the San Francisquito syncline, the
Bee Canyon fault, the San Francisquito fault, the Dry Gulch fault,
the Community fault, the St. Francis fault zone of Smith (1977) and
the Canton fault. Stage II structures (Figure 9) post-date deposition
of the Mint Canyon Formation and pre-date deposition of the Saugus
Formation. They include the western part of the San Francisquito
syncline, the Charlie Canyon anticline, the Charlie Canyon syncline,
the Castaic anticline, the Ridge Basin syncline, an unnamed syncline
west of the San Gabriel fault, normal faults east of the San Gabriel
fault, the Castaic Hills fault, the San Gabriel fault "B", and the
San Gabriel fault *C" (?). Stage III structures (Figure 10) post-date
deposition of the Saugus Formation. They include the Dry Canyon
syncline, the Dry Canyon anticline, the Townsend syncline, the
Loma Verde anticline, the North and South Hasley Canyon synclines,
the Oak Canyon anticline, the normal fault in Castaic Hills, the

San Gabriel fault "B", and the Hasley fault, including the Villa
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Canyon structure of Weber (1979).

Staﬁ I Structures

Eastern Part of the San Francisquito Syncline

The eastern part of the San Francisquito syncline trends approxi-
mately east-west and plunges approximately 20 ° west-southwest. To
the west, it terminates against the Community fault (Plate I). The
eastern part of the San Francisquito syncline appears to have formed
as the Vasquez Formation was thrust over the Pelona Schist along the

San Francisquito fault (Plate XVII).

Bee Canvon Fault

The Bee Canyon fault is a thrust fault which dips approximately
30 to 40° to the north and juxtaposes the Paleocene San Francisquito
Formation against the Vasquez Formation. To the west, the fault is
overlain by the Taylor Fanglomerate member of the Mint Canyon For-

mation (Plate I).

Dry Gulch Fault

The Dry Gulch fault (Sams, 1964) is a bedding plane thrust within
the Vasquez Formation (Plate I). The fault is detected by the sudden

change in attitude from near vertical beds north of the fault to shallow
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south-dipping beds south of the fault. The fault trends east-west and
dips 30 to 40° to the south. It is truncated to the east by the Commu-

nity fault, and to the west by the Camp fault (Plate I).

Community Fault

The Community fault (Sams, 1964) is a normal fault which
strikes northwest. It is split into two parts by an unnamed normal
fault (Plate I). The southeast part of the Community fault dips 25 to
50° to the southwest and the northwest part dips 55° to the northeast.
The fault appears to die out to the north within relative steeply dipping
beds of the upper middle member of the Vasquez Formation. To the
south, it appears to die out within the San Francisquito Canyon

Breccia.

San Francisquito Fault

The San Francisquito fault is a major structure which can be
traced eastward approximately 19 miles (31 km) from the northeast
corner of the Castaic study area to the San Andreas fault (Konigsberg,
1967). In the study area, it is a reverse fault which dips approxi-
mately 45° northwest, separating Pelona Schist from the Vasquez
Formation (Plate I). The dip is controlled by a point on Petro Tek #1
(well #3), as shown on Plate XVII. The western end of the fault is

truncated by the Camp fault (Plate I). In this area, the fault dips to
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. the southwest. Smith (1977) suggested that the San Francisquito fault
cuts the Mint Canyon Formation, and that the fault exhibits about 20
kilometers of left-slip. Approximately three miles (five kilome-
ters) east of the study area, the San Francisquito fault juxtaposes
the San Francisquito Formation and the Pelona Schist. The schist
was metamorphosed in Paleocene to Eocene time (47 to 59 Ma,
Haxel and Dillon, 1978) at a depth of approximately 20 to 27 km
(Graham and England, 1976). At the same time, the San Francis-
quito Formation was deposited during Paleocene time in a submarine
fan-basin floor environment (Sage, 1975). This contrast between
coeval units suggests a large displacement on the San Francisquito
fault.

In section l, T. 5N., R. 16 W., the St. Francis dam was built
across San Francisquito Canyon. The dam was completed on May 4,
1926 and it failed on March 12, 1928, killing 450 people. The cause
of failure is attributed to undermining of the dam foundation by perco-
lation of water and subsequent erosion along the crush-zone of the
San Francisquito fault (Assoc. Engineering Geologists, Southern

Calif. Sect., 1978). Failure was not due to movement on this fault.
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St. Francis Fault Zone of Smith (1977)

The St. Francis fault zone of Smith (1977) strikes east-west.

It is truncated on the west by the Camp fault, and on the east by the
San Francisquito fault (Plate I).

Smith (1977) correlated the aplitic quartz monzonite, exposed
within the St. Francis fault zone, and the Charlie Canyon Megabreccia
with a basement terrane in the La Panza Range, presently located
approximately 110 miles (175 km) northwest of the study area. Subse-
quent to deposition of the Charlie Canyon Megabreccia in late Oligo-
cene (?) time, the postulated Red Hills-San Juan-St. Francis-Russell-
Chimeneas-Clemens Well fault (Smith, 1977; Crowell, 1979) accumu-
lated up to 175 kilometers of right-lateral displacement. This
occurred prior to movement on the San Francisquito fault, as the
latter truncates the St. Francis fault zone (Plate I). The movement
of both faults pre-dates deposition of the Mint Canyon Formation in
middle to late Miocene time, and also pre-dates the movement of the

San Gabriel fault.

Canton Fault

The Canton fault separates the Palomas Gneiss and Whitaker
Granodiorite at the surface north of the study area (Crowell, 1954b).

Crowell (1954b) showed the fault with a steep northeast dip, and
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suggested that it cuts the lower part of the Modelo Formation (Fig-
ure 5). In the subsurface, the fault separates the Palomas Gneiss
and Whitaker Granodiorite. It is apparently overlain by rocks of the
Modelo Formation (Plates IX and XXIV). A permissive subsurface
trend of the Canton fault is shown on Figure 3.

The Canton fault may have been an early branch of the San
Gabriel fault, separating the Palomas Gneiss from gneiss presently

located in the Alamo Mountain region.

Stage II Structures

Western Part of the San Francisquito Syncline

The western part of the San Francisquito syncline exhibits a
general east-west trend and plunges approximately 10° west-
southwest (Sams, 1964). The fold is offset by the Bitter Canyon
fault; is truncated on the east by the Camp fault; and dies out to the
west within the Castaic Formation (Plate I).

Charlie Canyon Anticline, Charlie Canyon Syncline,
and Castaic Anticline

The Charlie Canyon anticline, Charlie Canyon syncline, and
Castaic anticline are sinuous folds; the eastern segments of the folds

follow a general east-west trend, the central segments trend
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northeast-southwest, and the western segments trend southeast-
northwest. The folds plunge gently to the west and die out to the west
as they approach the Ridge Basin and San Francisquito synclines
(Plate I). Where the folds change trend from southwest to northwest,
the limbs steepen and four sharp, minor folds are developed. Iso-
pachs of the Pico Formation (Plate VI) east of the San Gabriel fault
are parallel to the trend of the Castaic anticline and show thinning of
the Pico toward this structure, suggesting that the Castaic anticline

formed a topographic high against which the Pico was deposited.

Ridge Basin Syncline

The Ridge Basin syncline is a major regional structure which
follows a northwest trend parallel to the San Gabriel fault for approxi-
mately 25 miles (40 km) from the vicinity of Castaic to the Frazier
Mountain region. The fold is asymmetric, having a gentle eastern
limb which dips approximately 20° and a steeper western limb which
dips generally 40 to 60°. The fold plunges 10° to 15° to the north-
west. In the study area, the southeast end of the syncline affects the
Saugus Formation (Plate III), and Weber (1979) mapped it as folding
Quaternary older alluvium (Qoa.l, Plate I) approximately 2, 000 feet
(610 m) east of the town of Castaic. However, the fold is steeper in
the Castaic Formation than in the overlying Saugus and older alluvium;

most of the folding in this syncline is pre-Saugus.
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Normal Faults East of the San Gabriel Fault

Six northwest~trending normal faults cut strata of the Castaic
and Mint Canyon Formations east of the San Gabriel fault (Plate I).
The Bitter Canyon fault dips 57 to 75° to the northeast. The north-
west part of this fault is offset by east-west trending faults. The
Bitter Canyon fault offsets the axis of the western part of the San
Francisquito syncline. The Camp fault dips 70 to 80° to the southwest.
The western part of the San Francisquito syncline terminates against
the Camp fault to the east (Plate I).

In sections 13, 14, 15, and 24 of the T. 5N., R. 16W., an
unnamed fault juxtaposes the Mint Canyon Formation against the
Pelona Schist. The fault trends N 50 W to due west, dips southwest
(Plate I), and exhibits normal separation. The fault may be a
decollement surface, and the eastern parts of the Charlie Canyon
anticline, Charlie Canyon syncline, and Castaic anticline may have

formed in response to the faulting (Plate XVII).

Castaic Hills Fault

Near the eastern edge of the Castaic Hills oil field a fault was
mapped in the subsurface which trends subparallel to and approxi-
mately 2, 000 feet (610 m) southwest of the San Gabriel fault (Plates

V, VII, X, and XII to XVI). This feature is named the Castaic Hills
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fault, Evidence for the fault includes: (l) poor electric log correla-
tions within the Towsley Formation across the structure; (2) faunal
repeats in some wells near the structure; (3) abrupt eastward thicken-
ing of the Towsley Formation across the structure. The overlying
Saugus and Pico Formations are not affected by this fault (Plates IIL
and IV).

The Castaic Hills fault may have been active during deposition
of the Towsley Formation. It may have acted as a growth fault, per-
mitting a thicker accumulation of the Towsley on the downthrown,
eastern block. The possible growth faulting may also explain the
poor electric log correlations within the Towsley Formation across
the fault.

The Castaic Hills fault exhibits reverse separation of the base
of the Towsley ranging from approximately 160 feet (50 m) on the
south to approximately 450 feet (135 m) on the north. The fault does
not exhibit strike-slip, as the northern edge of the Sterling sand in
the Castaic Hills oil field is not offset horizontally across this struc-

ture,

San Gabriel Fault "C" (?)

A pre-Pico strand of theSan Gabriel fault zone is inferred in the
subsurface west of the main San Gabriel fault "B" (Plates IV, V, and

XI). It is named San Gabriel fault "C" (?). The fault is inferred
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because strata in three wells located west of the main trace of the
San Gabriel fault contain strata are tentatively correlated with the
Castaic Formation (wells #140, #141, and #150). The fault has no
surface expression,

The fault cuts Morton and Dolley and MJM &M Radovich #1
(well #150) at 3,400 feet, and it separates the Towsley from the
Castaic Formation (Plate XI). The fault dips to the southwest in this
well and is inferred to steepen at depth.

The subcrop of San Gabriel fault "C" (?) against the base of the
Pico Formation (Plate IV) is controlled only southeast of Morton and
Dolley and MIM&M Radovich #1 (well #150). The Towsley Formation
underlies the Pico in Conoco Harding #31 (well #208, Plate IV) and
indicates that San Gabriel fault "C' (?) is north of this well. The
trace of the subcrop of the fault against the base of the Pico north of
Morton and Dolley and MIM&M Radovich #1 is not controlled in the
subsurface. However, the fault cannot be present where the Towsley
Formation begins to crop out west of the main San Gabriel fault.
Therefore, San Gabriel fault "C" (?) is inferred to join San Gabriel
fault "B' east of the first outcrops of Towsley along the surface trace

of San Gabriel fault (Plates I and IV).
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San Gabriel Fault "B"

San Gabriel fault "B" is a Stage II and Stage III structure (Fig-
ures 9 and 10). Schlaefer (1978) mapped two strands of the San
Gabriel fault in the subsurface immediately southeast of the Castaic
study area in Honor Rancho oil field. The western strand was named
San Gabriel fault "A", and the main, eastern strand was named San
Gabriel fault "B", The San Gabriel fault "A", like San Gabriel fault
“C!", brings the Castaic Formation into contact with the Towsley west
of fault "B'"; it apparently merges with fault "B" at the northern edge
of section 6, south of the town of Castaic (Plate III). The San Gabriel
fault "B" of Schlaefer (L978) is continuous with the main strand of the
San Gabriel fault in the Castaic study area (e.g. Plate III), therefore
the name San Gabriel fault "B'" is used in the Castaic area.

Earlier workers have advanced conflicting interpretations of
the movement history of the San Gabriel fault. Crowell (1952) first
suggested that large right-lateral movement has occurred on the
fault. Paschall and Off (1961) argued against a hypothesis of large
right-slip based primarily on subsurface data in Honor Rancho oil
field. Schlaefer (1978) restudied the subsurface geology of this field
in detail, and her conclusions were consistent with the hypothesis of
large-scale strike-slip on the San Gabriel fault. Weber (1979) sug-

gested recently that limited right-slip (maximum of approximately
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11 km) occurred on the San Gabriel fault, based primarily on surface
geology.

Evidence for large right-lateral offsets on the San Gabriel
fault includes: (1) 50 to 60 kilometers offset of Precambrian gneiss
from the Alamo Mountain area to the western San Gabriel Mountains
(Crowell, 1962); (2) approximately 23 kilometers offset of Mesozoic
basement rocks of the central San Gabriel Mountains on the north
branch of the San Gabriel fault (Ehlig, 1975a); (3) approximately 35
kilometers offset of Mesozoic basement rocks on the south branch
of the San Gabriel fault in the central San Gabriel Mountains (Ehlig,
1975a); the combined offset on the two branches of the San Gabriel
fault, in the central San Gabriel Mountains, approximates the 60
kilometers of offset proposed for basement rocks on the single trace
of the fault further northwest; (4) approximately 60 kilometers offset
of the Paleocene San Francisquito Formation in the Elizabeth Canyon
area from similar Paleocene strata in the Caliente Range (Sage,
1973a); (5) approximately 60 kilometers offset of the Oligocene to
early Miocene Vasquez Formation in the Soledad basin from the
Oligocene to early Miocene Simmler and Plush Ranch Formations in
the Caliente Range~Lockwood Valley region (Bohannon, 1975, 1976);
(6) approximately 55 kilometers (no more than 80 km) offset of the
St. Francis fault zone from the Morales fault, matching the Charlie
Canyon Megabreccia with a possible source in the. L.a Panza Range

(Smith, 1977); (7) approximately 60 kilometers offset of the middle
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to late Miocene Mint Canyon Formation of Soledad basin from the
Miocene Caliente Formation of the Caliente Range~Lockwood Valley
region (Carman, 1964; Ehlig et al., 1975); (8) approximately 30
kilometers offset of late Miocene Modelo conglomerate which contains
blocks of anorthosite from a probable source in the western San
Gabriel Mountains (Crowell, 1952); (9) approximately 30 kilometers
offset of late Miocene Violin Breccia in Violin Canyon from a gneiss
source in the Alamo Mountain region (Crowell, 1952); (1) 11 to 32
kilometers offset of early to middle Pliocene sedimentary rocks
near Newhall from a probable source in the San Gabriel Mountains
(Ehlig, 1975a); (L1) six to 19 kilometers offset of middle to late
Pliocene Pliocene marine conglomerate near Newhall from a probable
source in the San Gabriel Mountains (Ehlig, 1975a); (12) approximately
two kilometers or more offset of the Pliocene Pico Formation in the
subsurface near Honor Rancho oil field (Schlaefer, 1978).

In the Castaic study area, the San Gabriel fault juxtaposes
Violin Breccia and Castaic Formation on the northeast against
Palomas Gneiss, Towsley, and Pico Formations on the southwest.
From the northern margin of the study area for approximately four
miles (6.5 km) there is a single linear, main trace of the San Gabriel
fault which trends northwest-southeast and dips 60 to 80° northeast.
Along this segment of the fault, Weber (1979) mapped a minor strand

of the San Gabriel fault which cuts Quaternary landslide material near
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the mouth of Palomas Canyon (Plate I). Near the mouth of Violin
Canyon, the surface trace of the San Gabriel fault becomes sinuous,
and the outcrop pattern in sections 22 and 23, T. 5N., R. 17W. sug-
gests a southwest-dipping reverse fault (Plate I). The San Gabriel
fault becomes a complex zone of anastomosing and en echelon seg-
ments where it cuts strata of the Saugus Formation. The extension
of the fault zone across Castaic Creek has been mapped as two topo-
graphic lineaments (Weber, 1979; Plate I).

In the subsurface, the San Gabriel fault zone consists of a pre-
Pico strand (San Gabriel fault "C" (?)), and a main strand (San
Gabriel fault "B") (Plates V and XI), Because the main strand dips
steeply to the northeast, only two wells in the study area cut the fault
(Plate VII). In Conoco Alexander #1 (well #130), the fault is located
at a subsea elevation of minus 430 feet where Violin Breccia is juxta-
posed against Palomas Gneiss (Plate IX), In Texaco H. R. 'A'(NCT-2)
#4 (well #72), the fault is located at a subsea depth of minus 3, 825
feet, where the Castaic Formation is juxtaposed to the Modelo
Formation. The fault is constrained to a steep dip near Texaco
H.R. 'A'(NCT-2) #32 (well #232), which bottoms in the Castaic
Formation at a subsea elevation of minus 4, 177 feet (Plates XII,
XIII, and XV). The San Gabriel fault '"B'' is contoured on the basis of
these scattered control points (Plate VII).

The following observations from the subsurface of the Castaic
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study area support the hypothesis of large right-slip on the San
Gabriel fault. (1) Coeval late Miocene strata of different lithologies
are juxtaposed along the San Gabriel fault where these older rocks are
covered by the Saugus Formation at the surface. The Modelo and
Towsley Formations are conglomeratic and derived from the east
whereas the adjacent Castaic Formation, presently east of these for-
mations, is predominantly mudstone and siltstone (Plates X to XVI).
The fine-grained clastics of the Castaic are not the source for the
clasts in the Modelo and Towsley. The likely source for these clasts
is the western San Gabriel Mountains, which contéin a heterogeneous
terrane of Precambrian gneiss and anorthosite and Mesozoic granitic
rocks (Crowell, 1962), Right-slip of approximately 30 kilometers has
separated the Modelo and Towsley conglomerates from this source
area (Crowell, 1952)., (2) The Pico Formation does not crop out east
of the San Gabriel fault, but is present in the subsurface (Plates XIII,
X1V, XVI, and XIX to XXII). The 700, 800, and 900 foot isopach lines
indicate right-slip of 6, 200 feet (two kilometers) of the Pico Formation
on the San Gabriel fault (Plate VI), Based on Plate IV, the vertical
component of piercing point offset of the 700 foot isopach of the Pico

is approximately 1,400 feet. Thus, the net slip of the Pico Formation

on the San Gabriel fault is 6,350 feet (net slip = N¥(6200)~ + (1400)¢) in
a right oblique sense (Figure 11A), The vertical component of separa-

tion of the base of the Saugus Formation at the 700 foot isopach line



80

‘16261) 1999 Kq paysabbns so dys-amins snbnog-ysod jo (4233 0G9H)

Wy G'O SIWNSSD J0JIIA 19Yjo 3yl ‘di|s -ayys snbBnog - jsod ou SAWNSSD 10423A 3uQ ‘{ydoodos) Jooj QOL) uolowioy
0014 3y} JO asDq Y JO $10499A Juawado|dsip djqissod omy Buimoys §inD) 311909 UDG 3yy o} |3)psod woib0ig AN FHN9IS
‘{IK 910id 93s) @ a:nbi4 uo pajolo] @ puo ¥y sjuiod uoljousod 0did

ayj jo asoq ayj puo yosodosy Jooy QOL 3Ys jo jasjpjo Duimoys §inpj (21109 UDS 3y} 0} jajosod wosboig :vil 3NN9IL

-dis -amis

0861 HNS 11 Y :
snbnog -ysod jo (3 0G9!} wWH GO

\3\» YHm 0314 3soq JO JOJIIA judawalo|dsig < — s — s —
P -difs-ajuys snbnog-ysod ou
. /NQQO%*.:CsQ S*h.. Yim 0014 3SDq Jo J0J03n Juswasoidslg —€— —— ——
dys snbnos-Jsod jo /s.»oholo S.s.\ wooor Tu'oos H
jusuodwio?) |D1JIIA . e N
< —_— T Emousn .OO.Q oiog
dijs snbnog-aad Eza..o.._:m wﬂoaf — I — isod 4 "oos
! S 0S-450d ou yym enpre— | e
wauodwo) |DI1NIAA IM) sn :om-o\a.oo_&.zoa e o v
) v ..ﬁ..ooo.
g1 ainbiy
098  104uOZ)ION
44 0001 s Q09
TI..LILLI.LIro
199, [ oo
Oseg " m.eo._.sﬂ
..n. 4 00S
(tusuodwio) snBNDS [
-}sod Buipnjoul) L v ooo
juauodwio)
|DO1LIAA JO INJOA 1993 0029

o
;!

jusuodwio) |DJUOZILIOH JO SNJDOA v

vii 3inbyy




81
of the Pico east of the San Gabriel fault is 650 feet (Plate III). If
there is no horizontal component of slip on the Saugus Formation, then
the vertical component of pre-Saugus, post-Pico slip on the San
Gabriel fault is 750 feet (1,400-650) (Figure 11B). This value is not
changed by adding the 0.5 kilometers of right-slip on the Saugus sug-~

gested by Weber (1979) (Figure 11B).

Stage III Structures

Dry Canyon Syncline and Dry Canyon Anticline

The Dry Canyon syncline and Dry Canyon anticline trend east-
west and plunge gently west, On the eastern end, the plunge of the
Dry Canyon anticline within the Mint Canyon Formation is steeper than
it is in the overlying Castaic and Saugus Formations. The folds die

out to the west near the Tapia oil field.

Townsend Syncline

Beginning near the northwest corner of the study area, the
Townsend syncline trends southeast and plunges approximately 25°
southeast. West of the town of Castaic, near the head of Sloan Can-
yon, the fold changes to an east-west trend and plunges to the west
(Plates I, and IIIl to V). The plunge is steepest, approximately 15°,

where the fold is truncated by the San Gabriel fault, and it gradually
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decreases to the west. The Townsend syncline appears to have had
a pre-Towsley period of movement. The Modelo Formation is folded
more steeply than the overlying Towsley, Pico, and Saugus Forma-

tions (Plates I, IX, X, XXIV).

Loma Verde Anticline

The Loma Verde anticline follows the trend of the Townsend
syncline from northwest to southeast. Like the Townsend syncline,
the Loma Verde anticline changes trend from southeast to northeast
near Sloan Canyon (Plates I, and III to V). The fold plunges southwest
approximately 20° where it is truncated by the San Gabriel fault; the
plunge gradually decreases to zero 1,500 feet (455 m) east of Sloan
Canyon. After changing to a northwest-southeast trend, the fold
plunges approximately 25° to the southeast. The Loma Verde anti-
cline is assymmetrical. It has a short north limb which abruptly
becomes involved in the Townsend syncline, whereas the south limb
enters the Hasley Cé.’nyon syncline more gradually (Plates III to V).
The shortness of the north limb causes the axis of the anticline to

migrate southward in the subsurface (Plate XXIV).

North and South Hasley Canyon Synclines

The North and South Hasley Canyon synclines of Plate I were

mapped by Weber (1979). However, Pollard (1958) mapped only one
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continuous syncline in this area, and subsurface mapping indicates
one major fold also (Plates III to V). In the subsurface, only the
western end of the South Hasley Canyon syncline is present as a
minor fold between Oak Canyon anticline and North Hasley Canyon
syncline. The latter‘is analagous to the Townsend syncline and
Loma Verde anticline; it is a doubly plunging fold which changes
trend frofn southeast to northeast and plunge from southeast to

southwest as it approaches the San Gabriel fault (Plates III to V).

Oak Canyon Anticline

The Oak Canyon anticline is present along the southwest margin
of the study area. It trends northwest-southeast and plunges gently
southeast (Plate I, and III to V). Oil is produced along this struc-

ture in the Oak Canyon and Hasley Canyon fields.

Normal Fault in Castaic Hills

Near the eastern edge of the Castaic Hills oil field, a normal
fault was mapped which trends parallel to the Castaic Hills fault; it
is located southwest of the San Gabriel fault and dips northeast (Plates
IOIto V, VII, X, and XII to XVI). The normal fault cuts the base of
the Saugus and all older formations. The only possible surface
expression of the fault is an air photo lineament mapped by Weber

(1979) in the southeast corner of section 26, T. 5N., R. 17W
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(Plates I and VII), and this lineation is inferred to be the extension
of this fault. The fault in the subsurface is inferred on the basis of
normal separation, down to the northeast, of electric log markers
in the Saugus and Pico Formations. Stratigraphic separation on the
fault ranges from 150 to 350 feet (45 to 105 m). The Towsley Forma-
tion underlies the Pico Formation east of the normal fault, suggesting

that major strike-slip movement on the fault is unlikely.

Hasley Fault

The Hasley fault (American Assoc. Petroleum Geologists, 1952)
is a reverse fault which dips south approximately 55° at the surface
(Pollard, 1958) and steepens to approximately 70° in the subsurface
(Plates VIII and X). It produces a maximum of 300 to 500 feet (90 to
150 m) of stratigraphic separation in the Castaic study area (Plate X).
Approximately 350 feet (110 m) of stratigraphic separation occurs on
the Hasley fault in Oak Canyon oil field (American Assoc. Petroleum
Geologists, 1952). Separation decreases eastward to zero, as shown
on Plates IIl to V.

Marathon Douglas #1 (well #253, Plate II) contains approxi-
mately 2, 800 feet (855 m) of Towsley, about 500 feet (150 m) more
than in nearby wells. The Hasley fault produces the extra thickness
by repeating approximately 500 feet (150 m) of the Towsley Formation.

In McCulloch Senegram #1 (well #254) the Hasley fault is picked
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at 9, 000 feet (Plate X). ZElectric log characteristics within the
Modelo Formation begin to change from regular alternations of high
and low peaks on the spontaneous potential and resistivity curves to a
broad, high resistivity curve and a relatively low, undeflected spon-
taneous potential curve. A dipmeter survey in the well indicates a
change in bedding strike from S80E above 8,795 feet to NO8W at
9,103 feet.

The Hasley fault is geometrically similar to the south-dipping
Holser reverse fault which occurs south of the Castaic study area
(Winterer and Durham, 1962). Like the Holser, the Hasley fault cuts
the Saugus Formation. The fault has not been traced east of its offset
of the Saugus-Pico contact. Its trace projects eastward into an area
of alluvium in Hasley Canyon. Further east, the Villa Canyon struc-
ture of Weber (1979) may be in part related to the Hasley fault (Plates

I and VIII).

Villa Canyon Structure of Weber (1979)

In his mapping of the San Gabriel fault zone, Weber (1979)
recognized an east-west-trending lineament (fault ?) which follows
Villa Canyon; he called this the Villa Canyon structure (Plate I).
Evidence for the structure is mainly geomorphic. Weber (1979, p.
30) claims that south-flowing creeks (Romero and Sloan Canyons)

exhibit apparent right-deflection along the Villa Canyon structure.
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On an earlier map, Weber also noted questionable displacement of
older or younger alluvium, aligned topographic features, Qquestionable
north-facing modified scarps, and a linear gulch along the course of
the structure (Plate I of Weber, 1978). Geologic evidence for the
structure is weak, as pointed out by Weber (1978), and consists of
slight deformation of the Saugus Formation (see bedding attitudes on
Plate I of this report), and apparent right-deflection of the QTss-QTsp
contact in Villa Canyon (Weber, 1979; Plate I, this report).

Some of the features attributed to the Villa Canyon structure
may be produced by the Hasley fault, especially those in Romero and
Sloan Canyons (Plate I). However, east of the point where separtion
on the Hasley fault diminishes to zero, there is no evidence for the
Villa Canyon structure in the subsurface. Good correlation exists
between wells on either side of the structure (Plates XXIII and XXIV).
Also, in his surface mapping of the Hasley Canyon area, Pollard
(1958) did not recognize any comparable structure in Villa Canyon.
The surface geomorphic evidence of Weber (1978, 1979) is not com-

pelling, and therefore the existence of a fault in Villa Canyon is doubt~

ful.

San Gabriel Fault 'B"

The San Gabriel fault "B' has moved since deposition of the

Saugus Formation; therefore, it is both a Stage Il and a Stage III
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structure.

There is no evidence of strike-slip offset on the San Gabriel fault
of Pleistocene to Holocene strata in the San Gabriel Mountains (Ehlig,
1975a), or of the Plio-Pleistocene Hungry Valley Formation in the
Ridge basin northwest of the Castaic study area (Crowell, 1975b).
However, Weber (1979) suggested right-lateral offset on the San
Gabriel fault of one kilometer of the Hungry Valley Formation and
of 0.5 kilometers of the QTss-QTsp contact within the Saugus Forma-
tion near Honor Rancho.

In the Castaic study area, the Saugus Formation exhibits no
strong evidence of having been affected by strike-slip on the San
Gabriel fault (Plate I). In the subsurface, however, the Saugus is
affected by normal separation on San Gabriel fault "B" (Plates III,
and IX to XVI), Stratigraphic separation of the base of the Saugus
Formation across the fault ranges from 250 to 750 feet (75 to 230 m).

Weber (1979, Figure 7) suggested normal separation of Quater-
nary alluvium, down to the northeast, across the San Gabriel fault in
Castaic Creek. Weber (1979) also mapped traces of the San Gabriel
fault zone which cut Quaternary landslides and terraces in the Castaic

study area (Plate I).
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SEISMICITY

Murdock (1979, Figure 2) located 42 small earthquakes (M2 2.6)
in and near the Ridge basin from November, 1972 to March, 1973.
Sixteen of the earthquakes are located near the surface trace of the
San Gabriel fault for a distance of approximately six miles (ten
kilometers). A composite fault plane solution for fourteen of the
earthquakes has right-lateral strike-slip displacement on a vertical
nodal plane which strikes northwest. Focal depths are 14 to 19
kilometers, and are therefore within basement. The other two
earthquakes located near the San Gabriel fault yield solutions having
northeast-striking nodal planes and reverse right oblique displace-
ment (dip-slip component is 1.7 times the strike-slip). Murdock's
(1979) interpretation for the earthquakes is that right-lateral strike-
slip presently occurs on the San Gabriel fault. However, as Murdock
pointed out, the composite focal mechanism solution (1979, Figure 3)
is not unique and is based on the assumption that the San Gabriel
fault is one of the nodal planes. Other solutions are possible with
his data.

There are problems with Murdock's interpretation. Twelve of
the earthquakes are located south of the San Gabriel fault and north
of the Holser fault and form a zone parallel to Castaic Creek. They

show no apparent relation to any known geologic structure including
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the San Gabriel fault. The other four earthquakes are located
immediately northeast of the San Gabriel fault trace, which dips
steeply northeast at the surface. However, two earthquakes yield
solutions having right-lateral strike-slip; the other two earthquakes
yield solutions having reverse displacement on northeast-trending
planes. As discussed in the structure chapter of this report, the
surface and subsurface geology near Castaic suggest that movement
on the San Gabriel fault has been dip-slip only (normal displacement)
since deposition of the Saugus Formation. Weber (1979, figure 7)
showed that Quaternary alluvium in Castaic Creek may be offset
by normal faulting, down to the northeast, across the San Gabriel
fault. Thus, the near-surface geology along the San Gabriel fault
near Castaic is in apparent conflict with the strike-slip interpre-
tation of the San Gabriel fault of Murdock (1979).

The model of Whitcomb et al. (1973) for the 1971 San Fernando
earthquake, indicated that the San Gabriel fault did not move during
this shock. Their model showed that the San Gabriel fault was trun-

cated by the San Fernando fault.
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SEISMIC AND GROUND RUPTURE HAZARDS

(1) The San Gabriel fault cuts the Saugus Formation in the
Castaic area. (2) Geomorphic evidence for faulting of late Quaternary
deposits is convincing (Weber, 1979). (3) Although the Saugus and
the yqunger Pacoima Formation (?) of Weber (1979) are folded, the
San Gabriel fault does not appear to be folded in this area, which sug-
gests that the fault has been active since folding of the Saugus and
Pacoima (?) occurred. However, the San Gabriel fault may be oro-
clinally folded. When it was the main trace of the San Andreas fault,
it may not have had a big bend; the broad bending to a more easterly
trend in the San Gabriel Mountains may be a later phenomena, related
to north-south shortening of the Transverse Ranges.

The San Gabriel fault probably poses a gréund rupture hazard,

but the nature of seismic activity on the fault is still unresolved.
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GEOLOGIC HISTORY

Basement rocks of the Palbmas Gneiss sliver and the Whitaker
Granodiorite extend into the subsurface west of the San Gabriel fault.
The Palomas Gneiss is correlated with Mendenhall Gneiss which crops
out in the western San Gabriel Mountains. Similar gneiss and
amphibolite occurs in the Alamo Mountain region and eastern Soledad
basin. Radiometric dating of these rocks reveals that the protolith
of the gneiss probably accumulated as volcanic and sedimentary strata
which was metamorphosed between 1750 and 1680 My. Granodiorite
and quartz monzonite intruded the metamorphic rocks between 1650
and 1680 My. During the interval 1425 to 1450 My, a major orogeny
affected all the terranes, producing regional metamorphism to
amphibolite and granulite facies (Silver, 1971).

The undated Whitaker Granodiorite was probably intruded during
Mesozoic time. Major episodes of Mesozoic plutonism in the Trans-
verse Ranges occurred at 160 to 170 My and 75 to 90 My (Silver,
1971).

Turbidites, volcanics, chert, and limestone of the Pelona Schist
protolith were metamorphosed in greenschist and amphibolite facies
at depths of 20 to 27 kilometers (Graham and England, 1976). Meta-
morphism accompanied major overthrusting by granitic and gneissic

rocks between 47 and 59 My (Haxel and Dillon, 1978), during Paleocene
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and Eocene time.

During Paleocene time, while the Pelona Schist was being
metamorphosed at depth, the San Francisquito Formation accumu-
lated in a submarine fan to basin floor environment, with sediment
transport primarily to the southwest (Sage, 1973a, 1975).

The Vasquez Formation of the study area accumulated as saline
lake and alluvial fan depoéits during Oligocene (?) time (Bohannon,
1976). Volcanic rocks interbedded with the Vasquez east of the study
area are radiometrically dated as 20 to 25 My (Woodburne, 1975;
Crowell, 1973a).

The Charlie Canyon Megabreccia was deposited as a major
landslide derived from a nearby source to the south, possibly now
displaced by right-slip to the La Panza Range (Smith, 1977).

After the Pacific Plate impinged against the North American
Plate, beginning in late Oligocene time (approximately 30 My,
Atwater, 1970), right-lateral strike-slip faulting began to affect
the western margin of North America. At this time, the postulated
Red Hills-San Juan-St. Francis-Russell-Chimeneas-Clemens Well
fault (Smith, 1977; Crowell, 1979) may have accumulated approxi-
mately 175 kilometers of right-slip. This postulated fault is an
older strike-slip fault which has been offset by the younger San
Andreas fault. Movement on the fault system ended prior to move-

ment on the San Francisquito fault, as the latter truncates the
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St. Francis fault zone of Smith (1977) in the Castaic study area
(Plate I).

Stage I structures formed during a period of northwest-
southeast compression accompanying deroofing of the Sierra Pelona
antiform. The San Francisquito Formation was thrust over the
Vasquez Formation on the Bee Canyon fault, and the Vasquez was
thrust over the Pelona Schist on the San Francisquito fault. Smith
(1977) postulated 20 kilometers of left-lateral movement on the
San Francisquito fault, There must also have been a large dip-slip
component on the fault in order to juxtapose the Paleocene San
Francisquito Formation against the coeval Pelona Schist.

During middle Miocene (?) time, the Pelona Schist began
shedding detritus into the northern Soledad basin, forming the San
Francisquito Canyon Breccia. The San Francisquito fault continued
to be active, since it cuts rocks of the San Francisquito Canyon
Breccia (Plate I).

In middle and late Miocene time, the Mint Canyon Formation
accumulated as alluvial fan and lacustrine deposits adjacent to the
Caliente Formation of Lockwood Valley (Ehlig et al., 1975).

Soon after Mint Canyon deposition, the San Gabriel fault began

to move as the major right-lateral strike-slip fault of the Miocene
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San Andreas system in the Transverse Ranges (Crowell, 1975a).
The San Gabriel fault accumulated right-slip of about 30 kilometers,
separating the Mint Canyon Formation from the Caliente Formation.

As the San Gabriel fault moved in late Miocene (lower Mohnian)
time, the Violin Breccia began accumulating at the base of the San
Gabriel fault scarp opposite gneissic terrane later displaced to the
Alamo Mountain region (Crowell, 1952). At the same time, large
blocks of anorthosite were being shed to the southwest from the
western San Gabriel Mountains into the Ventura basin, forming the
Devil Canyon conglomerate of the Modelo Formation. The Canton
fault separating the Whitaker Granodiorite and Palomas Gneiss
formed prior to deposition of most, if not all, of the Modelo Forma-
tion.

Late Miocene time was also marked by a significant eastward
marine transgression into the eastern Ventura and Soledad basins.
The Modelo and Castaic Formations onlapped eastward onto Whitaker
Peak Granodiorite and Mint Canyon Formation, respectively. A
narrow connection between the marine Ventura and Soleaad basins
may have existed in Mohnian time, as suggested by Winterer and
Durham (1962, cf. figure 68). The Castaic Formation, exposed
approximately 15 miles (24 km) southeast of the Castaic study area

in the Sand Canyon-Placerita Canyon area (Morrison, 1958), contains
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Mohnian conglomerate which is lithologically similar to, and may be
the offset equivalent of, the Devil Canyon and/or Hasley conglomer-
ates exposed in the study area. A connection between the Ventura
and Soledad basins in late Miocene (Mohnian) time could also explain
the presence of Charlie Canyon fauna west of the San Gabriel fault in
the Honor Rancho area (Paschall and Off, 1961; Schlaefer, 1978).

The Modelo and Towsley Formations of the Castaic area
represent shallow to deep water deposits near the margin of the late
Miocene and earliest Pliocene Ventura basin. An angular unconform-
ity separates these two formations and is most pronounced near the
San Gabriel fault (Plates XXIII and XXIV). The unconformity may
result from continuing movement on the San Gabriel fault.

Stage II folds formed in the Castaic Formation east of the San
Gabriel fault, and in the Modelo Formation west of the fault. The
folds may have formed during the second stage of movement on the
San Gabriel fault under general north-south compression. The pres-
ent northwest trends of the folds may be related to drag on the San
Gabriel fault.

The Towsley Formation accumulated as a proximal submarine
fan, and‘ continuing movement on the San Gabriel fault beheaded this
fan system, moving correlative conglomerates perhaps to the Sand

Canyon-Placerita Canyon area, now located 15 miles (24 km)
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southeast of the Towsley Formation of the Castaic area.

In eastern Castaic Hills oil field, the Castaic Hills reverse
fault was moving during Towsley deposition, resulting in a thicker
sequence of Towsley on the downthrown (northeast) side of this fault.
San Gabriel fault "C" (?) was also active, juxtaposing Towsley For-
mation against relatively fine-grained strata of the Castaic Forma-
tion (Plates V and XI).

Prior to deposition of the Pico Formation, 28 kilometers of
right-slip occurred during the second stage of movement on the San
Gabriel fault. The Devil Canyon conglomerate and Violin Breccia
exhibit approximately 30 kilometers offset from their sources across
the San Gabriel fault. Subtracting the two kilometers of right-lateral
offset on the Pico Formation gives 28 kilometers of post-Modelo and
Castaic, pre-Pico right-slip on the San Gabriel fault.

The relatively shallow-water Pico Formation accumulated in
early to late Pliocene time as water depths shoaled in the eastern
Ventura basin. Both San Gabriel fault "C' (?) and the Castaic Hills
fault ceased activity prior to Pico deposition (Plate IV). The uncon-
formity between the Pico and Castaic east of the San Gabriel fault is
more pronounced than the unconformity between the Pico and Towsley
west of the San Gabriel fault., After Castaic and prior to Pico deposi-

tion, in latest Miocene time, the Ridge basin had become separated
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from the marine Ventura basin. Perhaps the unconformity between
the Castaic and Pico Formations represents tectonic activity which
produced the isolation of the Ridge basin. Pico deposition may have
occurred while the Stage II folds in the Castaic Formation were still
positive features. After deposition, the Pico Formation was affected
by approximately two kilometers of right-slip along the San Gabriel
fault (Plate VI).

As marine waters of the Ventura basin regressed westward in
late Pliocene time, Pico deposition was followed by marine to
brackish-water deposits of the Sunshine Ranch member of the Saugus
Formation, which are in turn overlain by alluvial fanglomerate of
the nonmarine Saugus.

Major diatrophism has affected the Saugus Formation in the
study area, forming the Stage III structures. Evidence of this
diastrophic activity includes the following. (1) Folding of the Saugus
and older formations produced the Dry Canyon syncline and Dry
Canyon anticline east of the San Gabriel fault, and may have reac-
tivated the southeast end of the Ridge Basin syncline (Plate III).

The Townsend syncline, Loma Verde anticline, North and South
Hasley Canyon synclines, and Oak Canyon anticline were formed
west of the San Gabriel fault. (2) Upward relative movement of the

block west of the San Gabriel fault may have produced the change
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in trend and plunge of the folds west of the fault (Plates I, and III to
V). (3) Reverse faulting occurred on the Hasley fault. (4) Normal
faulting affected the Saugus and Pico in eastern Castaic Hills oil
field, southwest of the San Gabriel fault (Plates XII-XVI). (5) The
Pico, Saugus, and Quaternary alluvium were affected by normal
separation, down to the east, across the San Gabriel fault (Weber,
1979). Stage III structures are still in progress, forming under
general north-south compression.

Quaternary erosion of the Castaic area has produced older,
intermediate, and younger alluvial deposits (Plate I).

Geomorphic evidence and the possible normal separation of
Quaternary alluvium in Castaic Creek indicate that the San Gabriel
fault has probably continued activity in late Quaternary time. The
Saugus Formation and younger strata are apparently only affected
by normal separation, and not strike-slip, on the San Gabriel fault.
The nature of seismic activity associated with the fault is still

unresolved.
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APPENDIX I

Wells Utilized in Study
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Key to Abbreviations Used in Appendix I

D Total depth

KB Kelly bushing

O.H. Original hole

CCP Crown Central Petroleum Corporation
CHU Castaic Hills Unit

H.R. Honor Rancho

Note Al]l elevation and total depths are in feet.
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APPENDIX II

Key to Fossil
Localities on Plate I
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