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Recognition of Middle Miocene Foraminifers in
Highly Indurated Rocks of the Monterey Formation,
Coastal Santa Maria Province, Central California

By Kenneth L. Finger'
ABSTRACT

Investigations were undertaken to identify and inter-
pret foraminiferal assemblages in six outcrop sections of
the Monterey Formation in the onshore Santa Maria basin,
Calif —Mussel Rock, Lions Head, Point Pedernales, Ro-
deo Canyon, Sweeney Road, and Manville Quarry. The pur-
pose of this study was to complement existing
lithostratigraphic and siliceous microfossil data from these
sections with traditional benthic foraminiferal stage corre-
lations. Most of these rocks are devoid of foraminifers,
owing to their relatively high diagenetic alteration in which
the foraminiferal calcite was converted into dolomite. No
foraminifers were recovered from Point Pedernales or within
the Manville Quarry, and only one specimen was obtained
from Sweeney Road. Most, but not all, of the coastal out-
crops at Mussel Rock, Lions Head, and Rodeo Canyon are
similarly devoid of foraminifers. The few foraminifer-bear-
ing rocks at these localities are highly indurated, rendering
it difficult to isolate specimens by conventional processing
techniques. Most specimens freed from the rock matrix are
poorly preserved and not easily identified. To compensate
for these hindrances, foraminifers were studied in petro-
graphic thin sections. The stage-diagnostic benthic foramin-
iferal assemblages recognized are those of (1) the Relizian-
Luisian for the lower calcareous-siliceous member of the
Monterey Formation at Rodeo Canyon, (2) the Relizian-
Luisian for the lower part of the phosphatic member of the
Monterey Formation at Lions Head, (3) the Luisian for the
upper part of the phosphatic member at Lions Head, (4) the
Luisian for the lower part of the phosphatic member at
Mussel Rock, and (5) the Mohnian for the upper part of the
phosphatic member at Mussel Rock.

The assemblages recovered from Mussel Rock and
Lions Head contain foraminifers indicative of deposition in
the lower middle-bathyal (1,500-2,000 m) zone. The
Relizian-Luisian foraminiferal assemblage at Rodeo Can-
yon occurs in a pelletal phosphorite formed on a sediment-
starved bank at a water depth of about 1,500 m and later
redeposited as a turbidite on the basin floor.

'Department of Geology, Irvine Valley College, 5500 Irvine
Center Drive, Irvine, CA 92720.
Manuscript approved for publication May 3, 1995.

Paleoenvironmental marker species indicate that the
Relizian-Luisian, Luisian, and Mohnian foraminiferal as-
semblages in the calcareous mudstones of the phosphatic
member of the Monterey Formation along the Santa Maria
coast are bathymetrically mixed associations deposited at
lower middle-bathyal (1,500-2,000 m) depths.

This document contains an extensive set of faunal il-
lustrations that will provide paleontologists and petrogra-
phers working on the Monterey Formation with an ample
visual reference for recognizing similar foraminiferal as-
semblages in correlative stratigraphic sections.

INTRODUCTION

The purpose of this study of foraminiferal assemblages
in the Monterey Formation was to complement a
lithostratigraphic study on selected outcrops in Santa Maria
basin (fig. 1) and was intended to provide regional correla-
tions that possibly could be extended into the adjacent off-
shore areas. This report incorporates a slightly updated ver-
sion (Finger, 1992) of Barron’s (19864, b) biostratigraphic
correlation chart for the Neogene of California (fig. 2) and
utilizes the lithostratigraphic subdivisions of the Monterey
Formation proposed by MacKinnon (1989a) for the Santa
Maria basin (fig. 3). Initial biostratigraphic studies were
restricted to siliceous microfossils (for example, Akers and
others, 1987) because biogenically derived silica is abun-
dant in many of the rocks in the sections investigated. Dur-
ing the course of these studies, it became apparent that sili-
ceous microfossils are generally rare or absent in the
calcareous mudstones of the lower part of the Monterey For-
mation, where foraminifers were more likely to be present.
Thus, an investigation of the foraminiferal fauna was un-
dertaken in order to complete the biostratigraphic analysis.

Six sections in western Santa Barbara County were
selected for foraminiferal studies—Mussel Rock, Lions
Head, Point Pedernales, Rodeo Canyon, Sweeney Road, and
Manville Quarry. In the coastal bluffs at Mussel Rock, Li-
ons Head, and Rodeo Canyon, foraminifers are restricted to
the Point Sal Formation (equivalent to the lowest part of the
Monterey Formation in other regions; Woodring and
Bramlette, 1950) and the lower calcareous-siliceous mem-
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ber and the phosphatic member of the lower part of the
Monterey Formation. One other suite of 20 samples col-
lected in the lower part of the Monterey Formation from
Point Pedernales yielded no foraminifers. Samples from the
overlying upper calcareous-siliceous member (22 samples)
and clayey-siliceous member (7 samples) of the upper part
of the Monterey Formation and the Sisquoc Formation (15
samples) at Point Pedernales were similarly devoid of fora-
minifers. Rocks collected from the Sweeny Road section
yielded only one specimen from the 50 samples collected in
the upper part of the Monterey Formation (see Akers and
others, 1987) and none from the 23 samples collected in the
Sisquoc Formation. Although there is excellent recovery
from the upper part of the Monterey Formation exposed
along the access road to the Manville Quarry (Finger, 1992;
also Govean and Garrison, 1981; Ingle, 1985), younger
Monterey and Sisquoc Formation rocks within the quarry
are devoid of foraminifers and rich in siliceous microfossils
(Barron, 1975, 1976). When compared to the assemblages
recovered from Mussel Rock, Lions Head, and Rodeo Can-
yon, those from the Manville Quarry access road are
younger, better preserved, and characterized by higher abun-
dances and species diversities. I have detailed their faunal
succession in another publication (see Finger, 1992). These
intrabasinal differences suggest that local variations in depo-
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Figure 1. Map showing sampled stratigraphic sections in
Santa Maria basin referred to in this study.

sitional and diagenetic processes have been important fac-
tors in determining the preservation of foraminifers in these
rock units.

The present investigation focuses on the recognition
of foraminifers in the coastal sections of Mussel Rock, Li-
ons Head, and Rodeo Canyon. The foraminiferal fauna of
the Mussel Rock section was selected for initial study be-
cause it yielded the most abundant and best preserved
foraminifers of the three sections discussed here. Documen-
tation of this fauna provided a valuable basis for studying
the other sections. The foraminifers obtained from the Li-
ons Head section are more difficult to isolate from the rocks
and are in much poorer states of preservation. Foraminifers
recovered from the Rodeo Canyon section were the most
difficult to analyze because they were obscured within a
single sample of pelletal. Faced with the challenge of iden-
tifying species thin sectioned in petrographic slides without
the aid of associated “free” specimens, a reference guide
for this mode identifying foraminifers from the Miocene of
California had to be developed first. After formulating an
efficient method of thin sectioning specimens (Finger and
Armstrong, 1984), the identification guide was compiled
(Finger, 1990), enabling recognition of the assemblages from
Santa Maria basin.
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MUSSEL ROCK SECTION
GEOGRAPHIC LOCATION

Mussel Rock is named for the irregularly shaped prom-
ontory of seaward-projecting outcrops located west of
Guadalupe and Santa Maria on the coastal edge of the
Casmalia Hills (fig. 4) and is situated near the midpoint of
the stratigraphic section that extends between Rancho
Guadalupe Dunes County Park to the north and Point Sal to
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the south. The term “Mussel Rock™ is used herein in refer-
ence to this section, not the actual promontory. Overlying
the Point Sal ophiolite (Hopson and Frano, 1977), the Mus-
sel Rock section includes the Great Valley sequence
(McLean, 1991) and the Lospe, Point Sal, Monterey, and
Sisquoc Formations (fig. 5).

PREVIOUS WORK

The Mussel Rock section has been referred to in sev-
eral reports on the geology of the Santa Maria basin, in-
cluding Woodring and Bramlette (1950), Pisciotto (1981),
Pisciotto and Garrison (1981), and Grivetti (1982). In his

comprehensive dissertation on Miocene foraminiferal bios-
tratigraphy of California, R.M. Kleinpell (1938, p. 119) re-
ferred to the presence of Relizian strata north of Point Sal
but did not specifically mention its fauna. A year later, C.R.
Canfield (1939), a paleontologist for Union Oil Company
of California, presented a lithostratigraphic framework for
the Santa Maria district in which he described the corre-
sponding foraminiferal associations. Wissler and Dreyer
(1943), also of Union Oil, named these biostratigraphic
zones and related them to the benthic foraminiferal stages
of Kleinpell (1938); however, Mussel Rock was not noted
among the subject sections in either of these publications.
Woodring and Bramlette (1950, p. 21-22) provided
the only previous formal publication on foraminifers in the

i : Calcareous Planktic Benthic
Age Magnetic Diatom >
Epoch Ma | Polarity JAnom Zone Nanzrg%fgssﬂ Fz%rﬁg ?gﬁgn
3 s <A
PLIOCENE 5 Thalsesio® JoNt0 b N19
.54 2 ]
15} a N18 )
“Delmontian”
5 3A
Nitzschia b
- 6 reinholdii CNo
6 lopgegeeed | 0 a3 | — 1 Loo_--
a N17 '
b ] 1
Wl 7 4 | hatassiosira ) g '
g antigua @ § 2 L~
8 ; ) b i
L 8 enticulopsis -==[
8 9 4A hustedtii CN8 N16
a
10 d . —
- 9 — 3
L8 N5
—_ CN7 g
11 5 a g
- 10 o c 3
= (.g o =
23 CNé gl N4 g
@
w 11+ 12 33 b —‘->: 2
Y £ — o | B
w 3 &
Q 24
o] [ o] 13 sal 8 b
=
W CN5
2 — a N12
S [-134 14
a
| 4 N11
15 2 b N10 late &
fe CN4 N9 5
15 52| 43— oy
] y
a a -t
N ey N8 o
16 Relizi
elizian
}50 Ac{inocyclus CN3
E - 17 - ingens N7
& [ Late_
17 [5] 0 ) PR CN2 N6 Early
181 onn NS Saucesian

Figure 2. Chronostratigraphic correlation chart for middle Early Miocene to Early
Pliocene of California (Finger, 1992, slightly modified from Barron, 1986a, b).
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Mussel Rock section. Their foraminiferal checklist is com-
posed of seven assemblages—one from a Mussel Rock lo-
cality roughly equivalent to my sample CRC-40398-4 (note
CRC indicates samples stored at Chevron Petroleum Tech-
nology Center (formerly Chevron Oil Field Research Com-
pany), La Habra, Calif.), three from Lions Head, and three
from Casmalia Hills. In discussing the Point Sal Formation
between Point Sal and Mussel Rock, Woodring and
Bramlette (1950, p. 17) noted that “Much of the mudstone
contains Foraminifera, generally poorly preserved.” It is
probably for this reason that they did not include a corre-
sponding species list in their report.

Ingle (1985) and Rider (1985) included analyses of
foraminifers and siliceous microfossils, respectively, from
the Mussel Rock section in their papers. Ingle (1985) dis-
cussed the relationship between the depositional history of

(T Rancho Guadalupe Dunes County Park)
(Guadalupe —)

Pacific Ocean

Figure 4. Sample locality map of Mussel Rock section.
Sample numbers refer to CRC-3098 collection, except those
preceded by asterisk, which denotes CRC-43156 collection.
Some intermediate numbers not plotted for clarity. See figure
1 for section location.

< Figure 3. Composite geologic column of Monterey
Formation in Santa Maria basin (from MacKinnon, 1989a).
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comprehensible methodology. To illustrate the complications
of employing the criteria of Kleinpell (1938) and Kleinpell
and Tipton (1980), my recording of S. hughesi Cushman in
the phosphatic member of the Monterey Formation at Mus-
sel Rock would indicate that the unit is of early Relizian
age.Kleinpell (1980) may have defended his system by sug-
gesting that my forms are reworked S. hughesi or worn speci-
mens of a younger costate species. My discussion below
illustrates that, for other reasons, the foraminifers present
in the phosphatic member at Mussel Rock cannot be as-
signed to lower Relizian strata.

Because California Miocene Siphogenerina have
evaded taxonomically consistent usage, I have adopted the
first of the California Miocene species named in the litera-
ture, Rectuvigerina branneri (Bagg), to designate a large
portion of the plexus. The overall composition of single and
composite assemblages should be analyzed, with less em-
phasis placed on the absolute first and last appearances of
those species designated by Kleinpell (1938, 1980) as mark-
ers. Because many of these marker species are difficult to
differentiate and their biostratigraphic ranges extend beyond
those documented by Kleinpell (1938, 1980), careful atten-
tion should be paid to their acmes. In some cases, species
acmes, derived from the semiquantitative ranges tabulated
by Kleinpell (1938, table 18) and Finger (1992), might be
more widespread and reliable for age dating than first and
last occurrence datums. Relative abundances of species are
often the only criterion useful in analyzing isolated samples
or brief stratigraphic sections, where subjacent and
superjacent data on the faunal succession are lacking.

I prefer to correlate California Miocene sections on
as local a basis as possible. In general, this approach im-
proves accuracy and provides a more sound interpretation.
Prior to publication and general acceptance of Kleinpell’s
(1938) regional synthesis, localized biostratigraphies were
commonplace. Unfortunately, these local basin frameworks
were put aside by subsequent workers who incorrectly pre-
sumed that Kleinpell’s was the definitive reference for the
California Miocene. In fact, the original local biostrati-
graphic scheme formulated by Canfield (1939) and Wissler
and Dreyer (1943) is still very useful in correlating sequences
in the Santa Maria basin.

Canfield (1939) designated the lowest and thickest unit
of the Monterey Formation as the Siitstone and Shell zone,
adding in a footnote that the name Point Sal Formation would
be proposed. He noted that its “local silty facies foramin-
iferal fauna” is characterized by Buliminella subfusiformis
Cushman, Valvulineria ornata Cushman, and Uvigerinella
obesa Cushrian. My samples from the Point Sal Formation
match Canfield’s (1939) lithologic and paleontologic de-
scriptions of the Siltstone and Shell zone fairly well. Wissler
and Dreyer (1943) referred to their corresponding biostrati-
graphic unit as Foram zone 7, the Valvulineria ornata-
Uvigerinella obesa zone, which they assigned to the Relizian
stage. The predominance of Bolivina advena Cushman s.s.

in my samples is also typical of Relizian thanatofacies
(Kleinpell, 1938, 1980).

Similar Relizian assembiages encountered elsewhere
in the Santa Maria district are documented by Woodring
and Bramlette (1950). In reference to a species of benthic
foraminifer present in many of these assemblages, Woodring
and others (1943, p. 1344) stated, “The variety of
Siphogenerina hughesi, which shows numerous very fine
costae, is associated elsewhere with the typical noncostate
form of that species.” Thus, they correlated the Point Sal
Formation with Kleinpell’s (1938) Siphogenerina hughesi
Zone, or the lower part of the Relizian stage. This deduc-
tion was retained almost verbatim in the report by Woodring
and Bramlette (1950, p. 17). The only other occurrence I
know of where Siphogenerina populations predominantly
consist of the finely costate form (= Rectuvigerina loeblichi
Finger and Lipps) is in the “classic” Relizian section along
Graves Creek, near Atascadero in the Salinas basin (Finger
and others, 1990). Recovery of this species in the adjacent
Santa Maria basin suggests that these occurrences may be
coeval. Using a hand lens, I perused the Point Sal Forma-
tion north of Point Sal in search of strata bearing
Rectuvigerina, but none were observed nor were any recov-
ered later from the processed samples.

Mussel Rock sample localities CRC-40398-2, -3, and
-4 in the phosphatic member of the Monterey Formation
yielded a composite benthic foraminiferal assemblage,
which includes the characteristic Luisian association of
Anomalinoides salinasensis, Bolivina advena ornata,
Marginulinopsis beali, Pullenia miocenica, Rectuvigerina
branneri, and Valvulineria californica. Canfield (1939)
noted that the association of Anomalinoides salinasensis and
Siphogenerina characterizes his Dark Brown zone. Wissler
and Dreyer (1943) subsequently referred to this biostrati-
graphic unit as Foram zone 5, the Siphogenerina collomi-
Siphogenerina nuciformis zone, and correlated it with the
Luisian stage. The lithology of this zone is described by
Canfield (1939) as consisting of “a moderately hard series
of fractured fairly interbedded chocolate-brown and buff
phosphatic semiplaty foraminiferal shale.” The Dark Brown
zone derives its name from its common staining by oil satu-
ration.

‘Sample CRC-40398-2 from the basal exposure of the
phosphatic member of the Monterey Formation yielded sev-
eral specimens of Globorotalia praescitula Blow, a planktic
foraminifer with a relatively short biostratigraphic range.
In the middle latitudes, this species ranges from the
Catapsydrax dissimilis Zone to the Globorotalia
peripheroronda-peripheroacuta overlap Zone (Kennett and
Srinivasan, 1983), an interval approximately from 20 to 14
Ma (Keller and Barron, 1981; Poore and others, 1981).
Sample CRC-40398-2 also yielded Denticulinopsis lauta
(Bailey) Simonsen and Coscinodiscus lewisianus Greville,
diatoms which have a concurrent range of 16.0 to 14.6 Ma
(R.J. Navarrette, oral commun., 1984), supporting the early
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middle Miocene age implied by the Luisian benthic fora-
minifers (see fig. 2). The superjacent foraminifer-bearing
rocks did not yield any diagnostic planktic foraminifers or
siliceous microfossils.

Sample locality CRC-40398-5, also in the phosphatic
member, yielded an assemblage that includes Baggina
californica, Concavella gyroidinaformis, and Megastomella
capitanensis, the only three species noted by Canfield (1939)
as diagnostic of his Buff and Brown zone. Wissler and
Dreyer (1943) referred to their corresponding faunal unit as
Foram zone 4, the Baggina californica zone (earliest
Mohnian). The assignment of my sample to the lowermost
Mohnian is supported by its stratigraphic position, the con-
currence of the three species noted above, and the absence
of the characteristic Luisian association (mentioned for the
three subjacent samples) in this otherwise rich and diverse
assemblage. Canfield (1939) described the lithology of his
Buff and Brown zone as “a series of moderately hard
interbedded chocolate-brown semiplaty foraminiferal and
buff-colored phosphatic shales.”

The Luisian and earliest Mohnian foraminiferal ages
determined for the lower part of the Monterey Formation at
Mussel Rock are congruous with the younger siliceous mi-
crofossil datums recognized in the overlying section.
Cyrtocapsella tetrapera (Haeckel), a radiolarian with a last
appearance datum of about 12.7 to 12.4 Ma (Nigrini and
Lombari, 1984), occurs in sample CRC-40398-10 (W.H.
Akers, oral commun., 1984), indicating that the lower part
of the upper calcareous-siliceous member of the Monterey
Formation at Mussel Rock is concurrent with the lower part
of the Mohnian.

DEPOSITIONAL PALEOENVIRONMENT

On the basis of its Eocene to Holocene occurrences
and associations, “Siphogenerina” is considered to be an
indicator of warm climatic regions (Kleinpell, 1938). Its last
appearance datum in California is accompanied by the dis-
appearance of many other warm-temperate to subtropical
taxa at the Luisian-Mohnian boundary and their replace-
ment by cold-temperate to subpolar species. Isotopic stud-
ies on deep-sea benthic foraminifers (for example, Savin
and others, 1981) provide evidence that a global cooling
trend commenced in the middle Miocene.

Paleobathymetries for the Neogene of California are
determined from the upper depth limits of benthic foramini-
fers listed by Ingle (1980, 1985). Several species in my
Monterey Formation assemblages indicate basin-floor depo-
sition at lower middle-bathyal depths (1,500-2,000 m)—
Anomalinoides salinasensis, Gyroidina rosaformis,
Nodogenerina sagrinensis, and Pullenia miocenica. Al-
though neritic indicators are present, the composite assem-
blage consists primarily of bathyal species. Mixed associa-
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tions of this sort are typical in the Monterey Formation and
indicate that most of the mudstones that constitute the
Monterey Formation are turbidites (see Ingle, 1980, 1985).

Although the rare specimens of Gyroidina rosaformis
and Siphonodosaria advena in the Point Sal Formation sug-
gest deposition at depths similar to that of the Monterey
Formation, their associated mixed assemblages predomi-
nantly consist of transported shelf species. Thus, the
paleoenvironment of deposition for both formations is lower
middle bathyal, but their primary sources of sediment dif-
fer. In general, proximal turbidite sequences of sand and
silt constitute the Point Sal Formation, whereas distal tur-
bidites and hemipelagites constitute the very fine grained
sediments of the Monterey Formation. Laminations in most
Monterey Formation rocks, including three of the foramin-
iferal samples from Mussel Rock (CRC-40398-2, -3, -4),
are indicative of low-oxygen bottom waters in the deposi-
tional basin.

SYNOPSIS

Foraminifers recovered from the Point Sal and
Monterey Formations at Mussel Rock provide useful data
on the age and depositional history of the Santa Maria ba-
sin. Studies of foraminiferal assemblages isolated from the
rocks and thin sectioned in petrographic slides indicate that
(1) proximal silt and sand turbidites in the Point Sal Forma-
tion were deposited at bathyal depths greater than 1,500 m
during the Relizian (latest early and earliest middle Miocene)
and (2) distal mud turbidites in the phosphatic member of
the lower Monterey Formation were deposited at similar
bathyal depths during the Luisian (early middle Miocene)
and earliest Mohnian (late middle Miocene). These fora-
miniferal data complement younger siliceous microfossil
datums determined from the superjacent strata of the
Monterey and Sisquoc Formations.

LIONS HEAD SECTION

GEOGRAPHIC LOCATION

Lions Head is a prominent knoil located 8 km south-
east of Point Sal along the coastline southwest of Santa Maria
(figs. 1 and 8). The sampled section is located along the
beach just south of this knoll (fig. 8) and is within the con-
fines of the Vandenberg Air Force Base. The section is part
of the northeast flank of a syncline (Woodring and Bramlette,
1950) and consists of the phosphatic and upper calcareous-
siliceous members of the Monterey Formation. Upsection
(northwest along the coastline), the basal exposure of the
phosphatic member is in fault contact with the Point Sal
ophiolite of Hopson and Frano (1977; figs. 8 and 9).
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Table 3. Foraminiferal assemblage in
pelletal phosphorite sample (CRC-40661-
1), Monterey Formation, Rodeo Canyon
section

FORAMINIFERA SPECIES
Anomalinoides salinasensis
Bolivina advena?

Buliminella subfusiformis
Cancris baggi

Globigerina bulloides
Globigerina pseudociperoensis
Globigerina sp.?

Gyroidina rosaformis
Islandiella modeloensis
Lenticulina smileyi
Marginulinopsis beali
Praeglobobulimina galliheri
Protoglobobulimina pseudotorta
Pseudoparrella subperuviana
Pullenia miocenica
Rectuvigerina branneri
Siphonodosaria quadrulata
Valwulineria californica
Valvulineria robusta

phosphorite is often present in strata representing the initial
downwarping of a basin. Although their internal contents
are rarely observed, collophane pellets bearing California
Miocene foraminifers as their nuclei have previously been
recorded off southern California (Dietz and others, 1942)
and in the lowermost Graves Creek section near Atascadero,
San Luis Obispo County, Calif. (Graham, 1980). I also have
found them in the lower part of the Monterey Formation on
San Clemente Island and in the lower Rincon Formation
along Los Sauces Creek, Ventura County, Calif. (Finger,
1983).

Although it has been postulated that pelletal phospho-
rite originates as fecal pellets of indiscriminate deposit feed-
ers (Dietz and others, 1942), the mechanism of its deposi-
tion remains unclear (Bentor, 1980; Baturin, 1982). Ingle
(1980) states that pelletal phosphorite accumulates at the
upper (200-500 m) and lower (1,000-1,500 m) boundaries
of the intersection between the oxygen-minimum zone and
continental slope or basin sill. Pisciotto and Garrison (1981)
and Garrison and others (1987, 1990) noted that veneers of
pelletal phosphorite tend to form on sediment-starved iso-
lated bank tops at the fringes of the oxygen-minimum zone
and may be redeposited as basin-floor turbidites. Garrison
and others (1987) classified the basal lithofacies of the
Monterey Formation at Rodeo Canyon as a banktop
glaucophosphorite.
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The upper-depth limits (see Ingle, 1980, 1985) of the
encased foraminifers at Rodeo Canyon suggest that the pel-
lets probably formed near the 1,500-m lower edge of the
oxygen-minimum layer. The phosphorite is unsorted and
overlain by laminated rocks, implying that it was displaced
into the deeper basin by slumping off an adjacent bank. The
laminated rocks that predominate above the phosphorite in
the Rodeo Canyon section are evidence that low-oxygen (<
0.1 mL/L) bottom conditions existed in the depositional
basin (see Ingle, 1980, 1985). These conditions are attrib-
uted to the intersection of the oxygen-minimum layer with
the basin sill (see Ingle, 1980, 1985; Blake, 1981; Pisciotto
and Garrison, 1981). On the basis of field relationships and
regional histories (see Ingle, 1980, 1985), the initial subsid-
ence of the basin, the development of low-oxygen bottom
waters, and the slumping of bank sediments were almost
concurrent events.

SYNOPSIS

AtRodeo Canyon, foraminifers are restricted to a lens
of pelletal phosphorite in the basal part of the lower calcar-
eous-siliceous member of the Monterey Formation. Thin-
section study and lithostratigraphic correlation reveal that
the foraminiferal assemblage is most diagnostic of the late
Relizian (latest early and earliest middle Miocene) to early
Luisian (early middle Miocene) interval. This conclusion
suggests that the Rodeo Canyon assemblage is slightly older
than the foraminiferal assemblages recovered from the phos-
phatic member at Mussel Rock and Lions Head. The litho-
logic and paleontologic evidence indicates that the phos-
phorite at Rodeo Canyon formed at a depth of approximately
1,500 m on a bank that was intersected by the oxygen-mini-
mum zone. Paleobathymetric marker species indicate sub-
sequent redeposition in the lower middle-bathyal zone
(1,500-2,000 m).

DISCUSSION

Two methods of sample processing were employed
in this foraminiferal study. Samples were washed by con-
ventional laboratory techniques through a 200-mesh (75 tm
openings) screen to yield a sand residue from which iso-
lated specimens were picked, sorted, and identified. Selected
specimens are illustrated as scanning electron micrographs
in plates 1 to 5, 20, and 34. Selected indurated mudstones
that yielded foraminifers were also thin sectioned because
most of the specimens could not be cleanly extracted nor
were they well preserved. These samples were sectioned
both parallel and perpendicular to bedding. From these, pet-
rographic slides were prepared and then analyzed by com-
paring observed specimens with reference thin sections pre-
pared by the technique of Finger and Armstrong (1984).
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Identifying California Miocene foraminifers in thin
section can be particularly difficult at the species level; ad-
mittedly, educated guesswork is often involved. Although
the “Atlas of California Miocene Foraminifera” (Finger,
1990) enhances one’s ability to recognize these species in
petrographic thin sections, actual application of the data in
the atlas will always be confronted with the problems of
differentiating morphologically similar species, as well as
specimens that are partially dissolved, distorted, obscured,
or fragmented. Minor misidentifications should not signifi-
cantly affect interpretations if correlations are based prima-
rily on associations of biostratigraphic marker species that
are distinct and readily recognizable forms.

Scanning electron micrographs of the best preserved
specimens isolated from the rocks and photomicrographs
of most of the better preserved specimens recognized in the
petrographic slides are shown on plates 1 to 43. This com-
prehensive set of illustrations enhances the reader’s ability
to comprehend the condition, composition, and interpreta-
tion of the Santa Maria fauna. The table 4 checklist is a
convenient index to the 55 species figured on these plates.

SUMMARY

Foraminifers present in some of the highly indurated
rocks from the Mussel Rock, Lions Head, and Rodeo Can-
yon sections can be identified in petrographic slides. Petro-
graphic study reveals foraminiferal associations indicating
(1) aRelizian-Luisian age for the lower calcareous-siliceous
member of the Monterey Formation at Rodeo Canyon, (2) a
Relizian-Luisian age for the lower part of the phosphatic
member of the Monterey Formation at Lions Head, (3) a
Luisian age for the upper part of the phosphatic member at
Lions Head, (4) a Luisian age for the lower part of the phos-
phatic member at Mussel Rock, and (5) a Mohnian age for
the upper part of the phosphatic member at Mussel Rock.

Paleobathymetric marker species indicate that the
Luisian and Mohnian assemblages in the calcareous mud-
stones of the phosphatic member of the Monterey Forma-
tion are mixed associations deposited at lower middle-
bathyal (1,500-2,000 m) depths. The Relizian assemblage
at Rodeo Canyon occurs in a pelletal phosphorite that ini-
tially formed on a sediment-starved bank at a water depth
of about 1,500 m; it subsequently was redeposited at lower
middle-bathyal depths.

The absence of foraminifers in most of the rocks
sampled from the Mussel Rock, Lions Head, Point
Pedernales, Rodeo Canyon, Sweeney Road, and Manville
Quarry sections may be attributable to any or all of the fol-
lowing: (1) an elevated calcium-carbonate compensation
depth, (2) early diagenetic dissolution and incorporation of
test calcite into dolomite, and (or) (3) outcrop leaching. The
lack of foraminifers in the lower Monterey Formation at

Recognition of Middle Miocene Foraminifers in the Monterey Formation, Santa Maria Province, California

Point Pedernales is particularly perplexing because several
assemblages were recovered from the coeval rocks at Mus-
sel Rock, Lions Head, and Rodeo Canyon. Such local varia-
tions may reflect local differences in depositional
paleoenvironments and (or) diagenesis.
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APPENDIX A. MUSSEL ROCK SECTION—
LITHOLOGIC AND PROCESSING LOG OF
SAMPLES

Lithologic descriptions of collected samples examined
in the laboratory. Bedding thicknesses are defined as fol-
lows: laminated, <3 mm; thin bedded, 3 to 40 mm; massive,
neither laminated nor bedded in hand sample and probably
thick bedded (>40 mm) in field.

SAMPLES CRC-40398-1 TO -84

Note: Washed residues were prepared from the fol-
lowing samples, all of which were devoid of Foraminifera:
1,6,7, 11,14, 17,22, 24, 29, 32, 36, 40, 44, 48, 52, 56, 60,
64, 68,72,76,79.

POINT SAL FORMATION (SAMPLE 1)

(1) Top exposure: Massive greenish gray-brown slightly
calcareous siltstone.

MONTEREY FORMATION
(SAMPLES 2 THROUGH 62)

PHOSPHATIC MEMBER (SAMPLES 2 THROUGH 6)

(2) 0 ft: Light-brown thin-bedded calcareous mudstone.
Washed residue and four thin sections prepared.

(3) 112 ft: Light-brown thin-bedded to laminated calcare-
ous mudstone. Washed residue and six thin sections
prepared.

(4) 150 ft: Light-brown thin-bedded to laminated calcare-
ous mudstone. Washed residue and four thin sections
prepared.

(5) 195 ft: Light-brown thin-bedded to laminated calcare-
ous mudstone. Washed residue and four thin sections
prepared.

(6) 325 ft: Buff to dark-brown thin-bedded phosphatic sili-
ceous mudstone and dark-brown dolomitic mudstone
or dolostone.
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UPPER CALCAREOUS-SILICEOUS MEMBER
(SAMPLES 7 THROUGH 23)

(7) 390 ft: Buff to dark-brown thin-bedded phosphatic sili-
ceous mudstone and light-brown thick-bedded
porcellanite.

(8) 390 ft: Light-brown thin-bedded to weakly laminated
dolomitic siliceous mudstone.

(9) 430 ft: Dark-brown massive to very faintly laminated
dolostone or dolomitic porcellanite.

(10) 430 ft: Light-gray-brown poorly laminated to massive
dolomitic siliceous mudstone or dolostone and dark-
brown very faintly laminated siliceous mudstone.

(11) 480 ft: Medium-brown poorly thin-bedded siliceous
mudstone and black laminated chert.

(12) 515 ft: Brown-gray massive medium dolostone.

(13) 530 fi: Medium-brown thin-bedded siliceous dolostone
and medium-brown laminated siliceous mudstone.
(14) 590 ft: Buff- to dark-brown very thinly laminated phos-

phatic siliceous mudstone.

(15) 658 ft: Same as No. 14.

(16) 735 ft: Light-brown chert-laminated siliceous mudstone.

(17) 802 ft: Medium- to light-brown thinly laminated sili-
ceous mudstone.

(18) 840 ft: Light-brown laminated dolomitic siliceous mud-
stone.

(19) 855 ft: White laminated and medium-brown laminated
siliceous mudstone.

(20) 890 ft: Light-brown laminated siliceous mudstone.

(21) 924 ft: Light- to medium-brown laminated siliceous
mudstone, light-brown dolomitic siliceous mudstone,
and light-brown laminated chert.

(22) 950 ft: Light-brown laminated to thin-bedded siliceous
mudstone and light-brown laminated siliceous mud-
stone.

(23) 975 ft: Same as No. 22 and dark-brown massive dolo-
mitic porcellanite.

CLAYEY-SILICEOUS MEMBER (SAMPLES 24 THROUGH 62)

Owing to the structural discontinuity and complexity
of the strata in the interval above sample 23, the following
section was measured separately with its base at the cliff
north of Mussel Rock (see fig. 5).

Note: Supplementary collection (CRC-43156) of
seven samples from the siliceous member logged at end of
appendix A.

(24) 85 ft: Same as No. 22.

(25) 95 ft: White and light-brown laminated siliceous mud-
stone.

(26) 135 ft: Light-brown faintly laminated dolomitic sili-
ceous mudstone.

(27) 145 ft: Light-brown faintly laminated to massive sili-
ceous mudstone, some of which tends toward
porcellanite.
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(28) 390 ft: Same as No. 27.

(29) 400 ft: Same as No. 27 but highly fractured.

(30) 410 ft: Same as No. 27 but with some porcellanite and
asphalt in some fractures.

(31) 903 ft: Buff to light-brown laminated to thin-bedded
siliceous mudstone.

(32) 930 ft: Same as No. 31.

(33) 980 ft: Light-gray laminated to thin-bedded porcellanite.

(34) 1020 ft: Light-brown laminated diatomaceous mud-
stone.

(35) 1030 ft: Medium-brown laminated to thin-bedded di-
atomaceous mudstone.

(36) 1045 ft: Same as No. 35 but slightly darker brown.

(37) 1185 ft: Same as No. 36.

(38) 1220 ft: Same as No. 36 but greenish gray to medium
brown.

(39) 1228 ft: Same as No. 36.

(40) 1270 ft: Same as No. 36 and massive dark-gray to me-
dium-brown diatomaceous mudstone.

(41) 1280 ft: Medium-greenish-brown massive to very
faintly thin-bedded mudstone.

(42) 1290 ft: Medium-greenish-brown massive to very
faintly thin-bedded mudstone.

(43) 1305 ft: Very faintly greenish-medium-brown laminated
diatomaceous mudstone.

(44) 1350 ft: Same as No. 43.

(45) 1362 ft: Same as No. 43.

(46) 1375 ft: Medium-greenish-gray-brown laminated to
thin-bedded diatomaceous mudstone.

(47) 1387 ft: Same as No. 43.

(48) 1400 ft: Medium-dark-greenish-brown laminated to
thin-bedded diatomaceous mudstone.

(49) 1412 ft: Greenish-gray-brown laminated diatomaceous
mudstone.

(50) 1470 ft: Light- to medium-brown laminated diatoma-
ceous mudstone.

(51) 1480 ft: Same as No. 49.

(52) 1490 ft: Light- to medium-brown laminated to thin-
bedded diatomaceous mudstone.

(53) 1505 ft: Same as No. 52 but all laminated.

(54) 1525 ft: Same as No. 52 but all medium brown.

(55) 1545 ft: Same as No. 49.

(56) 1565 ft: Greenish-gray-brown faintly laminated to thin-
bedded diatomaceous mudstone.

(57) 1585 ft: Medium-brown laminated to thin-bedded di-
atomaceous mudstone.

(58) 1605 ft: Same as No. 57 but slightly more greenish.

(59) 1625 ft: Light- to medium-brown laminated diatoma-
ceous mudstone.

(60) 1645 ft: Greenish-gray-brown laminated to thin-bed-
ded diatomaceous mudstone.

(61) 1655 ft: Medium-greenish-gray faintly thin-bedded
diatomaceous mudstone.

(62) 1663 ft: Light-brown laminated to thin-bedded diato-
maceous mudstone.
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SISQUOC FORMATION
(SAMPLES 63 THROUGH 78)

(63) 1671 ft: Two-foot-thick layer of glazed black 1/4- to 5-
in-long phosphatic nodules embedded in grayish-brown
diatomaceous mudstone; interior of nodules light-brown
to buff with some orange staining.

(64) 1679 ft: Light-gray to buff massive diatomaceous mud-
stone or muddy diatomite.

(65) 1687 ft: Slightly green medium-gray massive diato-
maceous mudstone.

(66) 1696 ft: Same as No. 65 but medium brown.

(67) 1705 ft: Light-brown massive diatomaceous siltstone.

(68) 1720 ft: Medium-greenish-gray massive diatomaceous
mudstone.

(69) 1730 ft: Same as No. 68.

(70) 1740 ft: Same as No. 68.

(71) 1750 ft: Dark-greenish-gray massive diatomaceous silt-
stone.

(72) 1760 ft: Same as No. 71.

(73) 1770 ft: Same as No. 71 but light gray.

(74) 1785 ft: Buff massive diatomaceous(?) siltstone or silty
mudstone.

(75) 1800 ft: Light-greenish-tan massive diatomaceous(?)
silty mudstone.

(76) 1810 ft: Light-greenish-tan massive diatomaceous(?)
silty mudstone.

(77) 1820 ft: Light-greenish-gray massive diatomaceous(?)
siltstone.

(78) 1903 ft: Same as No. 77.

LOSPE FORMATION (SAMPLE 79)

(79) 10 ft above fault contact with Espada Formation: Me-
dium-gray massive slightly calcareous mudstone.

POINT SAL FORMATION
(SAMPLES 80 THROUGH 84)

Washed residues and two thin sections were prepared
from each of these five samples.

(80) Basal exposure, 10 ft above fault contact with Lospe
Formation: Medium-brown-gray faintly thin-bedded
foraminiferal mudstone.

(81) 40 ft: Same as No. 80, with occasional white laminae
and fish scales.

(82) Upsection from No. 81, footage not measured—Ilight-
gray shale.

(83) Upsection from No. 82, footage not measured—Ilight-
gray shale.

(84) Upsection from No. 83, footage not measured—dark-
greenish-gray shale.
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SUPPLEMENTARY COLLECTION
(SAMPLES CRC-43156-1 THROUGH -7)

MONTEREY FORMATION
CLAYEY-SILICEOUS MEMBER

Washed residues were prepared from each of the seven
samples.

(1) O ft: Medium-brown faintly thin-bedded slightly dolo-
mitic and slightly phosphatic mudstone.

(2) 43 ft: Dark-brown thin-bedded to laminated to massive
slightly dolomitic mudstone with laminae and thin
lenses of light-buff phosphate and dark-brown to gray
massive dolostone.

(3) 55 to 65 ft: Composite sample of medium- to dark-brown
thin-bedded to massive mudstones and medium- to
dark-brown massive dolostone.

(4) 76 ft: Medium-brown faintly laminated to thin-bedded
mudstone.

(5) 127 ft: Same as No. 4.

(6) 185 ft: Highly fractured medium- to dark-brown very
poorly thin-bedded to laminated mudstone.

(7) 261 ft: Medium gray-brown laminated mudstone.

APPENDIX B. LIONS HEAD SECTION—
LITHOLOGIC AND PROCESSING LOG OF
SAMPLES

Lithologic descriptions of collected samples examined
in the laboratory. Bedding thicknesses are defined as fol-
lows: laminated, <3 mm; thin bedded, 3 to 40 mm; massive,
neither laminated nor bedded in hand sample and probably
thick bedded (>40 mm) in field.

SAMPLES CRC-40471-1 TO -18

MONTEREY FORMATION
PHOSPHATIC MEMBER (SAMPLES 1 THROUGH 12)

(1) 22 ft : Alternately light- and medium-brown laminated
to thin-bedded to massive slightly dolomitic phosphatic
mudstone and buff faintly laminated calcareous silty
dolostone; Foraminifera visible in both rock types at
30x. Two thin sections of mudstone prepared.

(2) 65 ft : Alternately light- and dark-brown thin-bedded
calcareous phosphatic mudstone with Foraminifera vis-
ible at 30x and light-brown massive limestone. Two
thin sections of mudstone prepared.
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(3) 110 ft : Alternately medium- and dark-brown thin-bed-
ded to massive calcareous phosphatic mudstone and buff
massive limestone; Foraminifera visible in both rocks
at 30x. Two thin sections of mudstone prepared.

(4) 165 ft : Alternately gray and dark-brown laminated to
thin-bedded slightly calcareous phosphatic mudstone
and dark-brown faintly laminated slightly calcareous
dolostone; Foraminifera visible in both rocks at 30x.
Two thin sections of mudstone prepared.

(5) 210 ft : Alternately light- and medium-brown thin-bed-
ded flaggy phosphatic mudstone with Foraminifera vis-
ible at 30x and medium-brown laminated to thin-bed-
ded sandy limestone. Washed residue and two thin
sections of mudstone prepared.

(6) 240 ft : Alternately light- and dark-brown laminated to
thin-bedded calcareous phosphatic mudstone with Fora-
minifera visible at 30X. Washed residue and two thin
sections prepared.

(7) 285 ft : Alternately light- and dark-brown thin-bedded
to massive slightly calcareous phosphatic mudstone;
Foraminifera not visible at 30x.

(8) 315 ft : Alternately light- and dark-brown laminated to
thin-bedded siliceous phosphatic mudstone; Foramin-
ifera not visible at 30x.

(9) 370 ft : Alternately light- and dark-brown laminated to
thin-bedded calcareous phosphatic mudstone with Fora-
minifera visible at 30x. Two thin sections of mudstone
prepared.

(10) 435 ft : Alternately light- and medium-brown faintly
thin-bedded to massive calcareous phosphatic mudstone
with Foraminifera visible at 30x. Washed residue and
two thin sections prepared.

(11) 515 ft : Medium-brown faintly thin-bedded to massive
calcareous phosphatic mudstone with Foraminifera vis-
ible at 30x. Two thin sections prepared.

(12) 590 ft : Alternately light- and medium-brown laminated
to thin-bedded calcareous phosphatic mudstone with
Foraminifera visible at 30x. Two thin sections prepared.

UPPER CALCAREOUS-SILICEOUS MEMBER
(SAMPLES 13 THROUGH 18)

(13) 750 ft : Dark-brown to black faintly laminated to mas-
sive siliceous mudstone and light-brown faintly lami-
nated siliceous dolostone; Foraminifera not visible at
30x.

(14) 830 ft : Light-brown faintly laminated siliceous mud-
stone and indistinctly laminated to thin-bedded black
chert; Foraminifera not visible at 30x.

(15) 870 ft : Dark-brown massive but flaggy siliceous mud-
stone and medium-brown massive dolostone; Foramin-
ifera not visible at 30x.

(16) 920 ft : Light-brown to black faintly laminated to mas-
sive siliceous mudstone and black chert with white lami-
nae; Foraminifera not visible at 30x.
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(17) 970 ft : Black massive but flaggy siliceous mudstone
and medium-gray laminated dolostone; Foraminifera
not visible at 30x.

(18) 995 ft : Light-brown laminated siliceous dolostone and
black chert with contorted white laminae; Foraminifera
not visible at 30x.

APPENDIX C. RODEO CANYON
SECTION—LITHOLOGIC AND
PROCESSING LOG OF SAMPLES

Lithologic descriptions of collected samples examined
in the laboratory. Bedding thicknesses are defined as fol-
lows: laminated, <3 mm; thin bedded, 3 to 40 mm; massive,
neither laminated nor bedded in hand sample and probably
thick bedded (>40 mm) in field.

SAMPLES CRC-40661-1 TO -16

MONTEREY FORMATION
(SAMPLES 1 THROUGH 16)

LOWER CALCAREOUS-SILICEOUS MEMBER
(SAMPLES 1 THROUGH 7)

(1) 0 ft (base of section): Buff massive pelletal phosphorite
with Foraminifera and fish debris common. Washed
residue and eight thin-sections prepared.

(2) 130 ft: Buff faintly laminated dolomitic porcellanite with
fish debris.

(3) 230 ft: Buff laminated dolomitic porcellanite with some
fish debris.

(4) 328 ft: Buff laminated very dolomitic porcellanite with
some fish debris.

(5) 421 ft: Buff to gray faintly laminated porcellaneous
dolostone.

(6) 484 ft: Buff to brown laminated slightly dolomitic sili-
ceous mudstone and buff porcelaneous dolostone.
Washed residue prepared from mudstone.

(7) 565 ft: Buff to brown laminated porcellanite.

“PHOSPHATIC MEMBER” INTERVAL
(SAMPLES 8 THROUGH 12)

Note: Recognition of this unit and its boundaries are
uncertain.
(8) 715 ft: Buff to brown massive porcelaneous dolostone.
(9) 756 ft: Buff sugary massive dolostone with irregular blebs

of brown chert.

(10) 820 ft: Buff sugary massive dolostone.

(Note: The remaining section is structurally complex;
thus, sample heights are estimated.)
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(11) ~820 ft: Buff to brown laminated to thin-bedded
dolostone.

(12) ~858 ft: Buff sugary dolostone poorly laminated with
irregular blebs of brown dolomitic chert.

UPPER CALCAREOUS-SILICEOUS MEMBER
(SAMPLES 13 THROUGH 16)

(13) ~910 ft: Buff poorly laminated porcelaneous dolostone
with lenses of brown chert.

(14) ~980 ft: Buff sugary massive dolostone.

(15) ~1038 ft: Buff faintly laminated porcelaneous
dolostone.

(16) Above No. 15 (stratigraphic position uncertain): Buff
sugary massive dolostone.
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PLATES 1-46

[CRC numbers are samples stored at Chevron Petroleum Technology Company (formerly
Chevron Oil Field Research Company), La Habra, Calif.]




PLATE1

Scanning electron micrographs of foraminifers, Monterey Formation, Mussel Rock section.

Figure 1
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Lagena apiopleura Loeblich and Tappan, side view, X240, CRC-40398-2.
Lenticulina douglasi Finger, side view, x90, CRC-40398-5.

Saracenaria schencki Cushman and Hobson, oblique side view, X80, CRC-
40398-5.

Marginulinopsis beali (Cushman), oblique side view, x53, CRC-40398-3.
Pseudoparrella subperuviana (Cushman), spiral view, X253, CRC-40398-3.
Concavella gyroidinaformis (Cushman and Goudkoff), spiral view, X176, CRC-
40398-5.

Valvulineria robusta (Kleinpell), umbilical view, X90, CRC-40398-2.
Siphonodosaria montereyana Finger and Lipps, side view, X33, CRC-40398-3.
Siphonodosaria advena (Cushman and Laiming), side view, x93, CRC-40398-3.
Ambitropus evax (Bandy), spiral view, X100, CRC-40398-3.





























































































































































































































































































