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Figure 1.1. Definition sketch of coastal zone nomenclature for coasts
similar to the California coast (from Inman and Brush, 1973).
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LATE CRETACEOUS DEPOSITIONAL ENVIRONMENTS '
AND PALEOGEOGRAPHY, SANTA ANA MOUNTAINS,
SOUTHERN CALIFORNIA

David J. Bottjer
Department of Geological Sciences
University of Southern California

Los Angeles, California 90007

S T

Figure 8.{ Generalized geologic map of northern Saaca
Ana Mountalns showing outcrop belt of Upper Cretazeous
sedimentary rocks (UK). Other rock units shown ji=—
clude the Triassic (?) -~ Jurassic Bedford Canyon For—
mation (Mbc), the Jurassic - Cretaceous Santiago Seax.
Volcanics (JK), and granitoid rocks of the Southesa
California Bathalith (Kb), which collectively maks un
the basement complex. Tertiary (T) and Quaternary
(Q) sediments of the southeastern margin of the las

| Angeles Basin are also indicated. (After Rogers, 1353 :

GEOLOGIC SETTING

The Santa Ana Mountains are in the northern part
of the Peninsular Range Province and border the
southeastern margin of the Los Angeles Basin (Fig.
5). The Upper Cretaceous rocks in the Santa Ana
Mountains comprise a thick (500 to 1500 m) succession
of predominantly marine terrigenous clastics
Sandwiched unconformably between rock assemblages of
durassic-Early Cretaceous and Paleogene ages.

The oldest rocks in the northern Santa Ana
Mountains are the Bedford Canyon Formatfon, a thick
(areater than 5000 m) Triassic (?), Jurassic (Imlay,
1963, 1964; Silberling et al., 1961; Criscione et
al,, 1978) succession developed mainly as flysch
fMoscnso, 1967) deposits of a forearc basin (Buckley
et al., 1975) and exposed in the overturned 1imb of a

arge nappe (Moscoso, 1967). Bedford Canyon rocks
0cally are cut by shallow intrusives and overlain
Unconformably by extrusive andesitic rocks of the

= Bxttier. D J., Colburn. LP., a0d Cooper. 1.0, edi.. 1542, Laia Cratacessn
oo Itisnal E. aad Pabeogeagraphy, Santa Ana M. Sawihern
Uornla, Pacific Secina. SEPM, Field Trp Velume and Guidebaod, pyg. 310,

Ivan P, Colburn
Department of Geology
Calif, State Univ., Los Angeles
Los Angeles, California 90032

John D. Cooper
Department of Earth Science
Calif, State Univ., Fullerton
Fullerton, Calffornia 92634

Santiagqo Peak Volcanics of Late Jurassic to Farly
Cretacrous age (Fife et al., 1967; Colburn, 1973).
Intrusive rocks of the Southern California batholith
(Larsen, 1948; Woyski, 1972) of Early to Middle
Cretaceous age (Evernden and Kistler, 1970;
Krummenacher et al,, 1975) are exposed several km
south of the trip route (Fig. 5).

The intensely deformed Bedford Canyon flysch,
the andesitic Santfiaado Peak Volcanics, and the
magmatic arc rocks of the Southern California
hatholith comprise the ancestral Santa Ana Mountains
assemhlage and reflect an oroqenic history related to
Late Mesozoic subduction (Hil1l, 1971; Yeats, 1974;
Rastil, 1975). The overlying post-orogenic Upper
Cretaceous rocks, which comprise the lower part of a
pre-Middle Miocene, pre-inception of Los Angeles
Basin (Yerkes et al., 1965; Yeats, 19A8) coastal
clastic wedqe, are the subject of this field trip.

UPPER CRETACEOUS STRATIGRAPHY

The Upper Cretaceous sedimentary rocks of the
northern Santa Ana Mountains crop-out as a northwest-
striking homocline that dips west to southwest at 15
to 40 degrees (Schoellhamer et al., 1954). The suc-
cession is subdivided into the following units, in
ascending order: Trabuco Formation, Ladd Formation
{including the Baker Canyon and Holz Shale Members),
and Williams Formation (including the Schulz,
Pleasants, and Starr Memhers). This sequence
provides an instructive example of a non-marine to
shallow marine to equivocal deep marine transition,
as well as exemplifying facies products of alluvial
fan, fan-delta, fan-delta fringe, shallow marine
shelf, and equivocal hay, outer shelf, upper slope,
and submarine channel depositional systems. These
strata record a major marine transgression as well as
several major progradational events during Late
Cretaceous time in the Santa Ana Mountains district.

Macrofaunal (Popenoe, 1942, 1973) and
microfaunal (Almgren, 1973; Lang, 1976) successions
indicate an age of Turonian through Campanian., The
Turonian aqe of the unfossiliferous Trabuco Formation
is based on the gradational relationship with the
overlying fossiliferous Baker Canyon Member of the
Ladd Formation; however, the Trabuco could be as old
as Cenomanian (Lang, 1976). Fossils of possible
Maastrichtian age have been reported from the upper
part of the Williams Formation in the southern part
of the outcrop belt (Morton, 1972).

Some questions have arisen regarding the
internal conformity within the Cretaceous section.
Although Yerkes et al. (1965) reported a Santonian
and Contacian age for the lower part of the section,
the basis for this age assignment was not discussed.
Almgren (1973; this volume) and Saul (this volume)
find 11ttle evidence for the existence of Santonian
and Confacian strata in the succession.
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Figure 2.2 Map showing locations of foraminiferal samples from Silverado Canyon and Baker Canyon-Mustang Spring
area. Stratigraphic positions of these samples are shown in Fig. 3, and foraminifera present are shown
in Table I and Table I1. Formation boundaries are those of Schoelthammer, et al., 1954. Formation de-
signations are as follows: K1B=Baker Canyon Member; Klh=Holz Shale Member of the Ladd Formation; Sc=
Mustang Spring Conglomerate Member of the Holz Shale; Kws=Schulz Member of the Williams Formation.
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STRATIGRAPHIC SECTION FOR SILVERADO TRUCK TRAIL  #74
BY
IVAN P. COLBURN & MARK McKEOWN [TTR ST
1882

DESCRIPTION

E. TERT.

SILVESAND

Light tan, medium lo very coarsa-gralned, cross-bedded sandatone. Crosa-bed sets are 1m lhick and coniain
pebble sandstone Isnses.

Unsiruciured pebble and cobble conglomerate.

LATE CRETACEQUS

6-1 - F UNDIFF.

HE-2 -

< TURORIAN —~

~] raceocene [MOLLUSCAN STAGE?

CAMPANIAN

wiLLIARS

SCRULZ
410°1126 metersl

PLEASANTS

LADD

NoLZ

86571294 meters)

BAKER CYN
205°163 metenal

TRABUCO

385°(117 metersl

UNCONFORMITY
Tan, poorty beddad, medium-gralned sandstons.

Tan.poorty bedded, coarse-gralned sandetone with poorly developed cross—-bedding common.

GRADATIONAL CONTACT

Unstructured medium 1o very coarss~gralned sandstone with pebble bed at 1he top of the sequence. Lenses
ol unstructured medlum lo coarse-grained sandstone and poorly devsloped cross-bedding.

Light brown, medium to ccarse-grained sandstons and Interbedded lenaes of unatructured cobble
conglomerate. Sandstone beda range from 1° 1o 8° thick.

Gray, sty and sandy mudatone and siitsione. Fissility and stratification sre poorly developed. Limesione
nodules westher out of the exposures. Simliar in sppearance (o Holz Shale.

Tan, tine 1o cosrse-grainad sandslons, pebbly dut and pebble, cobble and bould gl ate
lensas. Stratification is poor 1o wall devaloped; cross-bedding.Wood iragments abundant.

i '—/LIuhl—ﬂovﬂ. unalructured, madium to line-grained sandstone with lenses of shells and pebbies.

shafiow water
shele

i

GRADATIONAL CONTACT

Abundam

Black 10 dark gray to gray-green mudstone and siltstone comprise B5% of this unit. The other 5% of the
seclion consiate of thin-beds of medium to line-grained sandslone beds less than .3m thick, thin lenses of
limestone less than .3m thick, and nodules of limestona ranging up to 1m in diameter. The sandstone beds
are turbidity current In origin.

3
=i SECTION FAULTED
} Gresnish—gray mudstone, unstralified, highly bloturbated and rich in moltuscan shelis.

Tan, line to coarss-grained sandsione, unatratified to wel-stratitled and cross-bedded comprise 80% of the

'{i s GRADATIONAL CONTACT
unit with 10% being comprised of pebble and cobble conglomersie ianses and lenses of 1hick-shelied mollusks.

Green, poorly sorted to moderately sorted pebble, cobble and bould: | ate comprise 90% of the unit
and 10% being lensea of coarse to medlum-grained sandsione and pebbly undnone lenses rarely exceeding
1m thick: unfossiliterous.

GRADATIONAL CONTACT

Rad, unsorted to poorly sorted, pebble, cobble and bould | ate comprises 80% of the unit, with 10%
being lenses of coarse sandsione and pebbly sandstone moderately to poorly siratified and rarely exceeding
.am thick.

£. CRET.

SARTIACR PR

#0770 SCALE

nm'r

| yeu
o

Pt UNCONFORMITY

Dark green 1o gray-green andesite autobraccia.

I 2080 (10804 y10

x hite dacite laplit tuft and sutobreccl
-auounmmﬁe"" to white dacite lapiill tuft and sutobreccla.

UNCONFORMITY

Basement rock comprised of Mesozolc lsucacralic plutonite and Jurassic Bedford Canyon Formation.

Fiqure23. Silverado truck trail stratigraphic section.




PERIDD
FORAM Z0NES*

FORMATION

MEMBER
THICKNESS
GRAPHIC COLUMN
FIELD TRIP STOPS *

STRATIGRAPHIC SECTION FOR yr
MUSTANG SPRING CONGLOMERATE LENS

BY TR STIR
IVAN P. COLBURN & RICHARD Q. BLAKE
1882

DESCRIPTION e lne

LATE CRETACEDUS

6-1 - F UNDIFF

&
~7< CONIACIAN?|

~{MOLLUSCAN STAGE?

CAMPANIAN

? -

TURONIAN

wiLLnang

LABD

NOLZ SHALE

700° 1213 matersl

§50° (168 maters)

275" 184 maters) |

SAXER CANYON
450° [137 msters)

TRABUCO

Tan to yellow-brawn cobble to bould gl ate beds interbedded with di grained ssndst
The congiomerates are structureless. The sandsione beds are tabular. The base of the section is
mors silty than highar up.

GRADATIONAL CONTACT

Tan to gray-gresnish brown mudstone, weak Heaillly with acattered gray Umeatone nodules, Crops out
poorly end is recognized mainly by greenish-gray mudstone chips in tha soll. Thin, madium 1o line-gralnea
turbidite sandatons beds are presenl loward the base of this Uthosome, The upper @m of unil gradas into
siltstone and the upper contact is markad by the transition to coarse-grained s
of the Schulzx Membar of the Willlams Formation.

FAULT CONTACT

and b ales

Tan-colored pobble and cobble conglomerate with lnterbedded sandatons and pebbly sandstone.
Canglomerate ls pootly sorled and often lnternally structureless. Bads af conglomerate range up to 6m
thick. Sand boda are dl to coarse grained, poorly sorted and range balween lenticular and
tabuier bed ahapes. Numsrous structwaless ate-filled ch is, trough and planar ¢ross-teds
graded bada, reverse gradad beds, laminatad bede and lunate and siraight cresled ripples are presenl.
Sandstones are locally blotuwbated with vertical and harlzontal burrows. No shels preserved. The
mudstane lenas within the congiomerate interval has the sams lithology s the Holz Shale.

MUSTANG SPRING CONGLOMERATE LEXS

POSSIBLE EROSIONAL CONTACT

Same lithology as upper part of Holz Shale.

Tan-cciored sandalons makes up the major and moat conspicuoue conatituant Ithosome. Also present are layers of
preenish—gray muddy all . Tha dal beds are y highly bloturtated with numerous verticsl burows
Layers of thick-shalad motusks ara wol preserved in the uocl:r sandy part of the Uithosoms, Bedimentary
structuras best dlapiayed in the pan of the kth sians 1o paralel becding, planar and
trough cross-bedding, dish structures and ripple marks, The sandatones are moderately 10 poorty sorted Tha
conglomarale beds are tan-cokvred end are tabuar—shaped with clasis in the beds rengmg from structurssass fabric
to pralerentially aligned. The greenish—gray mudd'.r shinstone layers are nterbedded with sandstons beds most
sously in the upper part of this kh in al Rhologios ranges up to 1m thick.

Abundani shaliow water
moliuscan ehalis

T —

GRADATIONAL CONTACT

Gray-green to yellow-brown, poorly to moderataly sorted cobble conglomerate with interbedded lenaaes of
medium to coarse-grained sandatone. Conglomerate comprises @5% of this ithasome and sandstone 5%.
Conglomerate intervals range up o 8m thick and are generaily internally structureless. Stralificstion in this
ithosome ls generally delined by the presence of sandatons lenses snd by bedding within sandstone lenses.

GRADATIONAL CONTACT
Deep red-colored, unsorted and very poorty stratified boulder , cobble and pebble conglomerate. This
Hthosome Is 87% conglomerate and 3% sandstone In the torm of lenaes of coarse sandstone snd pebbly
sandstone. Incomplete sectlon.

Figure24.. Mustang Spring conglomerate lens stratigraphic section.
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Figure 2,5 Stop 2 illustrates the lithologic characteristics of the stratigraphic upper units of the Mustang r
Spring Conglomerate Lens and its contact with the overlying Holz Shale. It can be seen at this stop *
that the upper part of the lens has a number of beds exhibiting partial Bouma bed form sequences there-
by establishing that turbidity currents were depositionally active in the later phase of the lens devel.
opment. Beds at this stop are finer grained and thinner bedded relative to beds stratigraphically
lower‘m the lens (see Fig. 12). This relationship indicates an overall fining and thinning upward

A transition beginning in about the stratigraphic middle of the lens. (thcgcﬁu.upn.,'gz)
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Figure ;X‘Pre-}v'eogene palinspastic recooscruc-
tion of Sauthern California shoving location of areas
of outcrop of Cretaceous strata, and paleocurrent dir-
ections, A = San Diego; B = Carlsbad-Rancho Sanca Fe;
C = Santa Ana Mountains; D = Santa Monica Mountains; . + s
E = Simi Hills; F = Lheeler Gorge; G = Santa Ynez = . . - t

; ’xi f: 'dhié#éi;
: }\ Alluyial Fans
Turbidite Fan

Range; H = San Miguel Island.

|
Figure ép7 Paleogeographic reconstruction of Southern California during the Late Cretaceous (Campanian).

Dashed lines represent the pre-Neogene geographic locations of the present-day coastline. Letters indicate

pre-Neogene locatlons of present-day outcrop areas of Cretaceous strata (see Fig.24 for explanation).

(SUNDBER G +cooPER 82)



POINT FERMIN SUBMARINE FAN
PALOS YERDES, CALIFORNIA

Regional Setting

The Point Fermin submarine fan 1s within the Monterey Formation
of the Palos Verdes Peninsula, California (Fig. 1). The Palos Verdes
Peninsula contains rocks of a portion of an extensive, predominantily
submarine terrane of the inner California Continental Borderland where
middle Miocene and younger strata rest unconformably on a tectonically
disrupted basement of Mesozoic Catalina Schist (Platt, 1975; Howell
and Vedder, 1981). The Monterey Formation of the Palos Verdes
Peninsula, which contains remarkably abrupt changes in 1ithofacies in
the time {nterval from 16 Ma to 4 Ma (middle Miocene to early
Pliocene) (Rowell, 1982) and has been divided by Woodring and others
(1946), 1into three members (in ascending order): the Altamira
Shale (300 m), Valmonte Dfatomite (125 m), and Malaga Mudstone (125
m). They further subdivided the Altamira Shale into (in ascending

order): tuffaceous lithofacies, cherty lithofacies, and phosphatic
lithofacies (Fig. 2).

Thic«ness Age Range Duration
in type area in million in million
Subdivision Dominant Litholcgy in meters years years
Malaga Mudstone radiolarian mudstone 125 6.9 to 3.5 3.4
Valmonte Diatomite diatomite and phosphatic 125 13.0 to 6.9 6.0
diatomaceous shale
Point Fermin sandstons sandstone derived from a 30 14.5t0 10.0 4.5
lithofacies Catalina Schist source
Fhosphatic lithofacies phosphatic diatomaceous shale <5 14.2t0 13.0 1.2
and phospnatic mudstone
Crerty lithofacies porcelanite and chert 16 14.5 to 14.2 0.3
Tuffaceous lithofacies porcelanite, silty and sandy 275 15.5 to 14.5 1.0

shale, basalt and tuff

Figure 2. Subdivisions and selected features of the Monterey
Formation of the Palos VYerdes Peninsula. Chronostratigraphy by Rowell
(1982) (Conrad and Eh11g, 1983).

Local Setting

In the Point Fermin area, a portion of a submarine fan system
occupifes the stratigraphic position of the cherty and phosphatic
11thofacies and the lower part of the Valmonte Diatomite (Fig. 3).
Beds consisting predominantly of blue-schist-bearing sandstone and
breccia, 1{intraformational breccia, and 1{nterbedded silty and
phosphatic shale occur within a channel system which has scoured {into
the upper tuffaceous 1ithofacies. Paleocurrent, grain orientation,
and 1imbrication studies indicate a southeastward sediment source
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(Spotts, 1964; Conrad and Ehlig, 1983). Previous reports (Woodring
and others, 1946; unpublished report by Biostratigraphics, 1981)
indicate that the fan developed within the time interval between about
15.0 and 10.0 Ma. The total thickness {is difficult to estimate, but
i1s at least 300 ft (Woodring and others, 1946).

Stop 1

On the east side of Point Fermin, the above strata consist of two
sandstone units and a shale unit. The upper sandstone unit forms a
100-foot sheer cl1ff and grades easterly down into the shale unit.
The lower sandstone unit forms the base of the beach cliff and fines
upward into the shale unit. The two sand units merge at the base of
the sheer cliff. This is interpreted to be the amalgamation of two
channel systems. Thinning and fining upward {s characteristic of
channel deposits (Fig. 4). Large rip-up clasts can be seen in some
sand beds (Fig. 5).

Stop 2

The roadcut on the northwest side of Point Fermin displays
characteristic channeling features such as lenticularity, erosive
scour, rip-up clasts, and amalgamated beds. Layers of shale can be
traced 1into breccia composed of shale fragments of 1dentical
composition and embedded in a sandstone matrix 1ike that {interbedded
with the shale. The channel margin can be seen fn the western portion
of the outcrop.

Stop 3

The channel axis is generally evident at the southern end of the
Point. Lenticularity of bedding is readily apparent. It 1s {in this
region of the outcrop that the most diverse and well-displayed
sedimentary structures can be found. These 1include flame structures
and convoluted bedding (Fig. 6), ripple bedding (Fig 7), contorted
rip-up clasts (Fig. 8), and cut-and-fill structures (Fig 9).

Stop 4

A channel margin is evident on the west side of Point Fermin. An
irregular, scoured base can be seen where coarse-grained sandstone and
pebble conglomerate rest unconformably on interbedded shale and
sandstone (Fig. 10). These 1interbedded shale and sandstone beds
represent levee deposits. Slump folds, typical of levee deposits, can
be seen just below the irregular sandstone contact (Fig. 11).



1 Figure 5., Large shale rip-up
clasts in channel deposits.
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Figure 4. Thinning and
fining upward of channel deposits.
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Figure 6., Flame structures in channel deposits.
and convoluted bedding in channel

deposits.
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Figure 8. Contorted shale Figure 9. Cut-and-fill channel
rip-up clasts. structure.
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