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LATE MESOZOIC STRATIGRAPHY OF THE SACRAMENTO VALLEY !

Stewart Chuber 2
Midland, Texas

ABSTRACT

More than 60000 feot of marine sqdiuu-ut acen-
mulated in the Saeramento basin during the Late
Jurassic and Cretaceous. For the most. paet, the bedds
are dark gray mudstones with iutvrl:cthlud. discontinu-
ous samdstones and  conglomerates, Sedum:uts of a
deep mavine geosynelinal environment dowinate, al-
though basat Lower  Crefiecous (.\ :llnngunan)_ and
basal Upper Cretaceons (Cenomanian) beds reflect a
shallowing of the basin.

Based on the uniform organic carbon content and
relative volatility of the late Mesozoie section, the hy-
drecarbon potential of strata older than the Forbes
formation (F zone) is as good as those presently pro-
dueing Leds provided adequate veservoir rocks can be

located.
) INTRODUCTION

The purpose of this paper is o discuss late Mos-
oxoic sedimentation and geologic listory of the SBacra-
mento basin as iuferred {rom owuterop and subsurface
information. A large amount of pre-existing written
and verbal informarion has been digested for use in
this report. )

The methods of study include o literature review,
fiekl work, and subsurface investigations. A complex
terminology problem invelving Cretaceons stramgra

_phic nomenclature is revealed by a survey of the liter-

ature, openoe and others (160) haye 1'&:\'im\'.ml annd
discussd this problem ar lengeh,  Surface stndies are
especially applicable in the Upper Jurassic, Lower
Cretaceons and lower part of the Upper Cretaceons on
the west side of the Sacrmenro Vallev,  More than a
Idred miles of continnons autcrop demonstrates the
physieal mature of the exposed section, Sedinentary
and Favnal characreristies of the rocks are abundanrly
avitilable for detailed investigation.  Subsarface stud-
fes in the Nacrawmento Vulley are limited wainly to G
zone or younget strata because of the shatlow pencira-
tions, Interpretations of lithology and correlation
were nuude from eleerric log studies and foraminiferal
zonations, :

Figure 1 shows the regional location of the Nacra-
mento Valley; figure 2 indicates the salient geographic
features of the aren. For the purposes of this veport
the Sacramento Valley is arbirarily divided from rhe
San Joagnin Valley at the Stockton areh. The Sacra-

1. Presented to The San Joaquin Geological Society, De-
cember 12, 1962.

2. Geologist, Franco Western Ofl Co. The author is grate- -

ful to Paul H. Dudley Jr. for critically reading the
manusceript and to Franco Western Oil Co. for per-
mission to publish the paper.

mento Valley contains roughly five million acres and
is bordered by the northern Sierras on the east, by the
southern Cascades and Klamath mountains on the
north, and by the Coast Ranges on the west.

PRE-UPPER JURASSIC HISTORY

The complex paleozoic and pre-upper Mesozoic
geologic history of northern California is not well
known. Tn the Redding and Taylersville areas more
than 22,000 fect.of I'aleozoic and pre-Upper Jurassic
strata have been deseribed (Diller, 1906, 1508). Re-
cently Trwin (1960) has compiled and synthesized a
vast amount of data in this region,

Although there is no evidence of pre-Silurian de-
position in. northern California, strata of every other
period are represented. Detrital sediments predomi-
nate in the section, and limestone was laid down in the
Permian and Triassic, Rhyolites comprise the Lower
Devonian, and toffs and volcanic conglomerates are
present in the Carboniferous, Lower Triassic and Jur-
assic.  Several uncounformites oceur within this thick
stratigraphic sequence.

The pre-Upper Jurassic rocks were uplifted, fold-
ed, faulted, erushed and regionally metomorphosed
near the close of the .Jurassic. Accompanying this
were synoroegenic and postorogenic intrusions of gran-
itic batholiths. These granites have heen dated radio-
genically between 154 and 143 million years, {Curtis

. and others, 19358, pp. 3-7), and they are Late Jurassic

or Early Cretaecons ori the absolute time scale. This
event has been callet the Nevadan orogeny. The merta-
morphosed and intraded area extended s Tar south as
Sacranento, probably as a large iand mass. Simultane-
ously the Sacramento Valley was formed to the south-
west and began to receive marine Jdeposirts.

As shown on Figure 3, the Nevadan oragney should
not be confused with later mountain building for whieh
theve is wilesprend evidence in the cenrral and south-
vru Sierras.  As many as seven grauitic intrusions
have Leen dated between 76 and Y5 million vears in
the Yosemite area. This secoud intrusive vpigmle las
heen named the Sanra Lucian orogeny (Idem, 10358,
P10}, The granitie rocks of the Nevadan orogeny ap-
parently are separated from those of the Santa Lucian
by the Melones fault zoue (Clark, 1960, p. 436). There
are a noiber of small batholiths ju the Coast Ranges
of Culifornia which are coutemporaucous with the San-
ta Lucian granites of the central Sierras.

STRATIGRAPHY -

Figure 3 illustrates the stratigraphic terminology
used in this report. It includes the commonly refer
red fo formation uanmes, the equivalent time-rock or
l’uuu_ul classificarions based on Foraminifera or am-
wonites, aud approximare absolute ages in millions of
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FIG. 1 ﬁegional location map showing late Mesozoic
sediments of the Sacramento Vailey.

vears. The pre-I' zone strata have been divided arbi-
trarily into four units which could be delineated either
by their lithe- or biofacies and isopached witl some ac
curacy. They are (in ascending order): 1) Upper
Jurassic “Knoxville” Series, 2} Lower Creticeous
“Shasta” Series, 3) Upper Cretaceous H zone, and 4)
Upper Cretaceous (G zone.

Upper Jurassic (“Knoxville”) Series

C. A, Whirte (1883, p. 1) [first proposed the term
Kuoxville beds as a subdivision of the Shasta group.
The strata at the type area near Knoxville in Napa
County were at that time believed to be entirely Cre-
taceous in age. F. M. Anderson (1932, p. 313) refer-
red to the Knoxville group and placed it properly ir,
the Upper Jurassic. Sinee then the rerm Knoxville
has been changed to o series |Awderson, 13), a
stage (Dibblee, 1950) aud a formation { [rwin, 1957).
Except for the wide aceeprance and broad connotarion
of the word “Kuoxville” ro wmean Upper Jurassic Ser-
ies, the term could better be abundoned in favor of
bona fide formation names and true time-stratigraphic
stages.

Lithologically, the “Knoxville” includes all varie-
ties of clastic sediment ranging from shale to cobble
conglomerate. Dark gray to black, conererionary, brit-
tle, haekly-fracturing shale or mudstone predominates
in the section. Massive-bedded, lenticular couglomer-
ates up to 5,000 feet thick are erratically distributed
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in the mudstones. Well-rounded, many-colored cherty
comprise as tmuch as 90 percent of the clasts in the
conglomerates.  The associuted sandstones are dark
gray; poorly sorted, and typical of the impervious
graywacke sunite, A few sands in the uper “Knoxvilie”?
are well sorted, fine grained and porous,

A maximum Upper Jurassic thickness of about
20,000 feet probably exists south of Paskenta where
there is 4 large structural cmbaymenr. Mceasured
thicknesses of 15,000 feet or more are recorded from
numerous arcas north of the Elk Creek gquadrangle.
To the south the preserveit Knoxville section dimin-
ishes in thicknesses; this may be cavsed by basal fault-
ing or reduced sedimentation or both. The isopach
map (Fig. 4a) shows the “Knoxville” surface ocuterop
and inferred subsurface limits.

The “Knoxville” fuuna includes prolific Buchias,
scattered belemmnites and aminonites, and rare Fora-
mivifera. Frequently concretions within the mud-
stones, especially in the upper “Knoxville”, contain
myriads of Buchiu piochii, Anderson (1933, 1043) has
described a large ammonite and belemnite fuuna col-
lected on MeCarthy Creck. Goudkoff has obiained
Radiolaria, Dentaling cf. nana, Legene sp., Robulus
s8p., Trocheming sp., and Dictyomitra from 13,000 to
15,000 feet above the “Kuoxville” base along and south
of Grindstone Creck, Gleon County. Associated am-.
wonites indicate the Portlandian stage of the Upper
Jurassie,

Contact relations of the “Knoxville” are: 1) gen-
crally faulted against ultrubasic or Frunciscan rocks
at-the base, and 2) accordant but probably disconform-
uble with overlying Lower Cretaceous sediments, Un-
conformable lower contacts have been reported (Lach-
ubruch, 1962, p. 33) but not deseribed in detail. At
the north end of the Sucramento Valley, Lower Cre-
taceous strata overlap the “Knoxville” and rest on
basement,

The Upper Jurassic depositional environment was
always marine bar of a unique tvpe.  Some special
ccologic condition sneh as turbid, brackish, or unus-
nally cold water is suggested by the limired faupa.
Moxr of “Kuoxville™ deposition apparently twok place
below wave Lase preserving the delicate turbidire fea-
tires so clearly seen in the section.  Submarine sInmp-
ing ocewrved trequenaly and accounts for the pebbly
mudstones and distorted beds deseribed in the lower
purt of the “Kuoxville™ (Crowell, 1956, 1 YU3-100 .

Souree of the Upper Jarassic sediments was ap-
parently to the north and  northwest. Sedimentary
strueturex ndicure a deposition slope to the south and
soubeast in the Ele Creek area. The chert clasts in
the “Knoxville” conglomerities were prohably derived
From the western Paleozoie and Trinssic Lelt of lrwin
160, . 22) where chert is the second most abundant
sedimentary rock. Upper Jurassic Nevidan inrrustives
were cmplacend before and dring ~Kuoxville” deposi-
tion. creating a land mass-souree irea to the north,

Lower Cretaceous (“Shasta”) Series
trabb and Whitney (1869, pp. xii-xiv and p. 129)

lraposed the name Shasta group for the fossiliferous
Lower Cretaceous seetion exposed along Cottonwooid
Creek, Shasta Connty,  The rerm always has had a
terock counotation (Gault to Nuocomien ju the or-



fgrinal usage), and its present general acceptance as a
series seems justified.  For the purposes of this report
it is applicd in this sense, Unfortunately, the value of
the word “Shasta” is greatly diminished by its misuse
and frequent vedefinition in the literature. Murphy
L136) studied the Lower Creticeons strata in the type
area amd detailed cight faunal zones: however, some
of the Lower Cretiaceous stages are absent, IHe pro-
posed the names Ono and Reetor formations for the
rock units exposed in the region.

Gray-green, conerctionary mudstones make up the
bulk of the¢ Lower Cretaceous strata, Lut dark-colored
lenticular conglomerates and gray or brown, poorly
sorted, argilliccous sandstones oceur in  limited
amounts. Several arcas contain porous sandstone in
the lower part of the section. An occasional thin
limestoue bed (two to five feet thick) can be traced
a few miles along strike.  Generally speaking, the
“Shasta” can be distinguished lithologically ‘from the
“Knoxville” in the three ways: 1) mudsiones are less
brittle, fracture conchoidally, and have a greenish
cast; 2) sandstones have a dark brown to tan cast and
are cleaner, and 3) conglomerates contain a diverse
clast mixture of granite, voleanics and ultrabasies.

The thickest Lower Cretaccous section is exposed
on Cottonwood Creek along the Shasta-Tehama coun-
ty line. Here at least 22,000 feet have been measured
(Auderson, 1933, p. 22 and Marianos, 1958). Outerops
varying between 12,000 and 16,000 feet thick exist along
the west side of the valley from Putah Creck to Elder
Creck. The isopach map {Fig. 4+h) outlines “Shasta”
distribution and the inferred eastern limit.

Lower Cretaceous sediments inchule a moderately
abundant and diversified favuna. Murphy (1936,
2114) shows 80 molluscan species, and Anderson (1902,
19:48) indicates amany more.  Although the amronite
fauna is spavse in some areas, every stage of the Low-
er Cretaceous is represented exeept the lowermost or
Berviasian.  Foraminifera have been zoned prelimin-
arily (Marianos, 1938, 191) bat these data have not
been published.  Compared to the rest of the “Shasta”
section, the microfanna are numerous in the upper
part (Albiun stage) where Goudkoff (in Chnber, 1961,
I 115) identified 16 genera and 28 forms. At the base

- of the Lower Cretacceous there is u persistent horizon

charvacterized by prolific Buckin erussicollis beds, The
north end of Lower Cretaceons outcrop contaius a
more varied and ubundant fauna than uany exposure
on the west side of the Sacramento Valley. ]

Although the Lower Cretaccous beds accord ntly
overlie Upper Jurassic strata, there are some g0l in-
dlicatious of a hiatus: 1) the missing Berriasian fauna,
2) conglomerates spovadieally developed at the base of
the “Shasta”, and 3) veworked Belemnites and Buchia
piochii in the lower “Shasta” beds. Detailed surface
geologic studies shonld clarify the exact position and
nature of the probuble disconformiry.

The Upper-Lower Cretaceous boundary oceurs in
a conformable rock sequence and cannot he mapped ae-
curately in the field. Mlong Stony Creck the Albian-
Cenomaniun Loundary exists near the top of a thick
mwdstone unit.  In the Ono area Murphy and Rodida
(1960, 1. 835) indicate that the boundary oceurs near
the base of their Bald Hills formation, a conglomerate-
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© STRATIGRAPHIC TERMINOLOGY
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FIG. 3. Late Mesozoic terminology in the Sacramento
Valley.

skandstone rock unir. However, the presence of 1
worked Lower Cretaceous fossils in basal Upper Cre-
taceons leds has been reported by Murphy and Rodda
{1960, p. 838), Brown and Rich (1960, p. B319,) amd
Chuber (1961, p. 44). These occurrences suggest that
somewhere in the Facramento Valley, probably in the
subsurface east of present outcrops, the Upper Cre-
taceous rests unconformably on the Lower Creétacecus.
This is indicateil on the cross section {Fix, €ib)

Ar interpreted from the cutcrop, there are twao
predominant depositional environments found in Low-
er Cretaceous beds, Ar the north end shallow marine
deposition is defined by coarse lithology and an abund-
ant fauna. Southward, the paucity of organic re-
waing, the predominant mudstone lithelogy. and the
preservation of turbidite sediments points to deposi-
tion below wave base for the bulk of the section There
is one exeeption: the basal Buchin eraszicollis beds
which are frequently associated with massive conglom-
erates amd thick-bedded, coarse sandstones with car-
bonized wood fragments, These suggest a shallow
marine environment,
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There is supporting evidence to show that the Low-
er Cretaceons section was derived from a source areu
to the north or northeast: 1) the thinner section and
coarse clastics of the north end onteropy compared to
west side exposures, 2) sundstone sedimentary struce
tures in NW /4, see. 13, T. 21 N,, R. 6 W,, indicating
a north to south depositional slope, and ) an east-
ward increase in conglomerate of an upper rock unit
in Fruto quadrangle, Glenn County, (Chuber, 1960, p.
10).

Upper Cretaceous H Zone

This time-rock unit is delineated because it repre-
rents a compromise between the available subsurface
and surface palvontologic data. The term was pro-
posed by Goudkoff (1943, p. 993) who assigned to0 it
the “lowest part of the Upper Cretaceous colummn.”
Based on the associated megafauna it includes the
Cenomanian and part of the Turonian stages of Enro-
pean nsage {Muller and Schenck, 1940, fig. 6., p 2.
In the subsurface the top of this unit is rhe base of
(3.2 zone foraminiferal fauna which generallv o-eers
at, or ahout 100 feet above the Venado-Yolo formatien-
al contact. The lower contaet is drawn between the
lowest. oceurrence of Cenomanian fossils and highest
occurrence of Albian fossils.

Several rock units have been described and defined
within ‘the H zone or hasal Upper Cretaceous section.
They include most of the Bald Hills formation of
Murphv and Rodda (1960, pp. 835-838), the Salt Creek
Conglomerate aml the pre-emptel “Antelope Shale” re-
ferred to by Jennings (1954), the Venado and lower
part of the Yolo formations of Kirhv 1943, p. 2823,
and I'opence’s Member I (1943, p. 307) in the Red-
ding area. Tn recent vears Lawson (1936, P, 121) and
Chuber {1961, p. 41) have used unpublished formation
names for bedr of the same age,

Lithologically, the H zone beds are similar to the
nuderlving and overiyving strara, Massive lentieular
conglomerates and tan, gray or brown sandsiones
characterize the lower beils, These interfinger wirh
the surronnding gray and gray-brown mudstone and
siltstone  Reworked Lower Cretaceous fossils  have
hecn deseribed from these conglomerates in the Ono
area. They also occur in the Lodoga quadrangle in
the east half of =ecs. 149, 30 aud 31, T. 19 N., R, 4 W,
la strike ridze conglomerare). Some well-washed.
porous, thick, light gray sandstones exist in the lower
part of the secrion.

Tle upper part of the H zone section includes
Kirby’s Venado formsation aud about 100 feet of the
Yolo formation. The Venado. a predominantly sand-
atone rock nnit, is persistent and easily identified for
S5 miles along srrike from Fairfield on the south. to
Williows on the north. It is dark gray to brown, fine
grained. impervious sandstone with minor amounts of
siltstone and shale. At or near the base there are
some lenrticular conglomerate beds. Massive, slump-
ilistorted beds are exposed in the I’utah Creek section
and near Peterson Ranch (Brown and Rich, 1960) at
the base of the Venado formation, Albian ammonites.
Rudistids and quartz diorite blocks oceur within tke
distorted sirata, The Venado formation grades into
the overlying Yolo formation which inclhudes gray-
wreen or tan siltstones and mudstone.
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Tsopachs of the T zone strata are shown on Figure
aq, indicating a maximum of more than S000 feet in
and south of FPrato quadrangle, Northward the ex-
posed strata of this interval thin and ohlap toward
Redding where 750 feet of If zone beds rest directly on
basement ('openoe, 1943, p. 310). Figure 6a illus-
trates this relationship. This transgression is also
seen in the subsurface, as shown on the cross scction
(Fig. 6b). The castern limit of the H zone is drawn
along the eastern edge of the Venado formation as
controtled by subsurface penetrations. In this region
both the G zone and the H zone foraminiferal fauna
are sparse, and the rock unit limit gives the only con-
sistent approximation of eastern extent.

Except in the north end outcrops, the megafauna
of this thmerock interval are meagre, hut more control
exists than for the Lower Cretaceous and Upper Juras-
sie Series. Murphy and Rodda {1960, p. 837, fig, 2)
have tabulated 30 genera of Mollusca, some in good
abundance (ore than 10 specimens) in the Ono area.
Matsumote (1960, pis. 1 and 2) indicates the diagnos-
tic anunonites, baculites, and inocerami and their po-
sitious in the Sacramento and San Joaquin Valley
sections. Rudistic fragiments oceur abundanzly in
Cenomanian sandstone beds exposed in center E/2,
see. G, T. 20 N, R. 5 W,

The Cenomuunian portion of the basal Upper Cre-
taceous contaius some diagnostic Foraminifera. These
were described by Kupper (1953, pp. 40 and 41) in
the Lodoga gnadrangle, Marianos (1959) indieates
five planktonic genera and their species distribution
in the Cenomanian and lower Turonian of Dry Creek,
Goudkoff (19435, p. ¥94) states that “the H zone beds
have furnished only a meager fauna of poorly pre-
served awd indeterminate species of arenaceous Ior-
aminifera, with some associated limonitized Radio-
laria.”

As previously mentioned, the Upper-Lower Cre-
tuceons houndary oceurs frequently within a conform-
able sequence of wmudstone amd siltstone, The contact
of the H zone with the overlying G-2 zone is alsoe con-
formable. Ilowever, uplift and crosion of Lower Cre-
tieeous beds probably took place during the early Late
Cretaceous somewhere cast of the west side outerops.
Lividence for this is the veworked Lower Cretaceous
fossils and large scale slump structures noted in H
zone buds of several areas. These evenis might coin-
vide chronologically with the early phases of granitie
cplacement in the High Sierras.

A variety of depositional enviromments ar: sng-
gested from the litho- and biofacies of the H zone or
Lasal Upper Creraceous  sediments. The molluscan
fanna of the Ono urea and the coarse lithology clearly
imticate shallow marine conditions. In Fruto quad-
rangle the abundant Rudistid fragments and conglom-
erare or samlsrone lithology imply a clear, shallow,
possibly warm water environment. However, the up-
per part of this interval exhibits numerous indications
of turbidity including large scale slump structures,
massive beds (up to 30 feet) without stratifieation,
graded bedding, and the absence of 2 mollusean fauna.
These suggest deposition below wave base.

There are =~veral indications of an eastern source
for the basal Upper Cretaccous section: 1) eastward

aoverlap and coarse lithology at the north end of the
Valley, 2) northwestward thinping and decrease in
grain size of the Venado formation in the Fruto guad-
rangle (Chuber, 1961, p. 55), and 3) blocks of quartz
diovite (which occurs only to the east and north in the
Sierra and Klamath mountainsg) in basal Venado
slump-distorted beds. An eastern or southeastern
source scems likely because of the emplacement of
Santa Lucian batholiths in the Sierra Nevadas during
the carly late Cretaceous.

Upper Cretaceous G Zone

The terms G-1 and G-2 zones were proposed by
Goudkoff (1943, p. 991-992) for foraminiferal subdi-
visions in the surface and subsurface of the Great
Valley. They were included by him in the Cachenian
stage, 2 name which has not received the popular us-
age of practicing California geologists and paleonto-
logists.

Kirby's (194, p. 282) Yolo, Sites, Funks, Guinda,
and lowermost type Forbes formations (now “Dobbins
Shale”) comprise the exposed G zone section, in as.
cending order. The formations have been properly
defined at type localities and traced in the field by
Kirby. They are at present the best Upper Cretaceous
rock units available for field mapping purposes in the
Sacramento Valler. Near Redding, Popenoe (1943)
described a numbered sequence (Members I through
VT in ascending order) of Upper Cretaceous strata.
The upper five units are G zone in age and roughly
equivalent to some of Kirby’s formations.

In the subsurface the G zones of Goudkoff as or-
iginally defined (Idem, p. 991-993, and Table 7, p.
0G8-0G9) for the most part are not difficult to distin-
guish. XNo wmodifications of this early faunal study
have been published although there have been some
changes in its use. As shown on the recent Sacramen-
to Valley Cross Section (Am. Assoc. Petroleum Geol-
ogists, 1960}, the G zones include cquivalents of the
Yolo, Sites, Funks, and Guinda formations. Also, the
“Dobbins Shale” has been separated from the Forbes
formation because. of its distinetive faunal, lithologie,
and eleetrie log characteristies {Idem, note 1). It is
-1 in age.

Lithologically, in both surface exposures and sub-
surface penetrations, G zone rocks are an alternation
of sumlstone units with siltstone-mudstone units. The
Sites and Guinda formations include massive tan,
brown, or light gray, fine- to medium-grained sand-
stones with small amounts of interbedded gray mud-
stone. Guinda sandstones are more porous and clean
than those of the Sites and often are characterized by
spherical concretions. The Yolo, Funks, and “Dobbins
Shale” formations are predominantly dark gray, mas-
sive to thin bedded, mudstones and siltstones, In the
subsurfice the formation boundaries are not difficult
to define, ¢ven through the Rites and Guinda sand-
stoles appear to have large amounts of inrerbedded
nindstone and siltstone. Electric log markers in these
units can be correlated over long distances with fair
certainty.

Isopachs and surface distribution of G zone
strata are shown on Figure 5b. The thickest ourcrop
sections are preserved in Putah and Cache Creeks
where about 6300 feet have been measured, Gradual
northward thinning takes place toward Willow Creak

Page 9
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where 3200 feet crop out. Along the south fork of
Cottonwoad Creek 4700 feet of G zone beds were wmea-
sared (A, AL Almgren, oral communication) in an .in-
complete section beneath the Plioeene, Tn the Redding
area 3200 feet of G zone strata were delineated by
Goudkofi (1145, p. MiG). These surviace measurements,
combined with the subsurface penctrations, outline a
uniform, westward-tllickening G zone section in every
aren except west of Bechive Bend. Here the data indi-
cate an isopach thin of 4000 feer along the Sites anti-
eline, possilily caused by early movement on the strue-
tare. The eastern edge of G zone sediments is drawn at
the point where F zone beds overlap the “Dobbins
Shale” and rest on basement. This line is controlled
by many well penetrations and one surface exposure
at Chico Creek. A near-shore sandstone facies without
diaguostic Foraminifera is exposed in Chico Creek.
At least half of this scetion has been equated by meun-
fosxil correlations to the G zone (probably G-1) of the
Redding avea (JMatsumoto, 1960, plate 2).

The G zone microfauna listed by Goudkoff (1945,
p. 968-969) were described as “the richest and most
diversified in the whole Upper Cretaceous column of
the Great Valley.” (Idem, p. 991). More recently
Trujillo (1960) published a detailed study of the
Foraminifera from the shale members of the Redding
section. He indicates a correlation with the European
stages and also shows the inferred paleoecology.From
this study and the one of Matsumoto (Idem), the G
zones of Gowdkoff appear to represent the upper Tur-
onian, Coniacian, Santaonian, and lower Campanian
stages of the Upper Cretaceous Series.

Along the west side G zone outerop, the collected
megafauna are not prolific. Ammonites, baculites and
inocerami 1.0 common in “Dobbins Shale” concrerions
andl also in thin fossil bands of the Guinda formation.
The G zoune onterops of Redding and Chico Creek. on
the other hand, contain an abundant melluscan fauna.
These have heen deseribed by Matsumoto (Idem) and
Saul (19:39).

Althongh the (3 zone section is structurally ac-
cordant with adjacent beds in most west side outcrop
areas, there ave indications of possible disconformity.
Near Redding, Matsnmoto (Ldem, plate 2} snggests a
hiatus at the base of Member IV on the basis of miss.
ing megafauna, Popenoe (1943, p. 311) indieates an
unconformity at the base of Member V because of the
abrupt lithologic change (shale to conglomeratic sand-
stone) and rhe apparent change of strike across the
contact.

To the east in the subsurface, the F zone uncon-
formably overlies the G zone. Electrice log correlations
in the Willows area slhow the loss by erosion of sev-
eral npper “Dobbins Shale” markers at the base of
the F zone. Also the abrupt change in subsurface
lithology and microfauna indicate a widespread hi-
atus in the central and eastern parts of the Sacramen.
to Valley.

A “fairly deep water” environment for the G zone
is postulated by Gowdkoff (1943, 1, 1003). The pres-
ence of turbidite features in west side exposures of
the Sites and Guinda formations indicates deposition

helow wave base. Using the percentage abundance
of planktonic Foraminifera as a key to depositional
site, Trujillo (1960, p. 300) suggests inner to outer
sublittoral for the Redding area shale members. The
same depositional environment existed in the Chico
Creek area according to Saul (1959) who studied the
mollusean assemblage.

The G zone strata contain heavy minerals indica-
tive of the Sierran belt, pointing to an castern or
sontheastern source. Andalusite and staurolite first
appear, and garnet tourmaline become common (one

‘grain in 30-50) in the Funks, Guinda, and Forbes for-

mations in the Vaca Mountains (Day, 1048). This
eastern source is in accord with the chronolgy estab-
lished by Curtis and others (19537) who indicate em-
placement of the Santa Lucian batholiths in the High
Sierras at the approximate G zone absolute time in-
terval. Also the presence of an eastern shoreline is
lemonstrated by the lithology and fauna of the Red-
ding and Chico Creek areas.
GEOLOGIC HISTORY

Figures 7 and 8 show: 1) the combined Upper
Jurussic-Lower Cretaceous isopach, 2) ), the combined
Upper Cretaceous isopach, 2) the total late Mesozoic
isopach, and 4) the eastern subsurface limits of defini-
tive rock units. During the late Mesozoic the Sacramen-
to Valley received a nearly continuous succession of
marine sediments totaling (0,000 feet along its western
margin, Simultaneously there was a progressive east-
ward overlap. Subsequent Late Cretaceous sedimenta-
tion (C,D, and E zones) was regressive in the Sacra-
mento Valley, and marine seas never agaiu exrend as
far to the east or north as during G and F zone time.
Upper Jurassic N

“Knoxville” heds aggregating more than 20,000
feet were laid down in the trough formed as a result
of the Nevadan orogeny. Postorogenic granitic intru.
stons took place in the Klamarth mountains and north-
ern Sierras contemporaneous with Late J urassie depo
sition. Cool, deep water, marine conditions prevailed
in all but the shelf areas, but shoaling occured near
the end of the period. Possibly a special or unique
environment cansed the predominance of an essential-
Iv one-element (Buchia) fauna. The major source area
was to the north and northeast.
Lower Cretaceouys

The earliest Lower Cretaceous beds contain evi-
dence of shallow marine conditions, Uplift and eros-
ion or nondeposition is suggested by the missing Ber-
riasian age fossils. This may have been the resnlt of
4 late intrusive phase of the Nevadan orogeny in the
Klamath Mountains and northern Sierras. Deep wa-
ter conditions returned and subsequent Lower Cretac.
e0us seas transgressed eastward.

_ Lower Creraccous conglonrerates contain a more
(hverse_ suite of rock types than those of the Late
Jurassie, suggesting that erosion had penetrated deep
into the provenant area to the north or northeast. As
much as 15,000 feet of Lower Cretaceous sediments
were laid down in the Sacramento basin. The sparse
fauna and predominant fine grained lithology indicate
an outer shelf depositional environment duiing most
of Early Cretaceous time,

Page 11
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FIG. Tb. Combined Upper Cretaceous Isopach map, includ-
ing H zone, G zone, and ¥ zone.
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Upper Cretaceous H Zone

Near the beginning of Late Cretaceous time a sec-
oud period of uplift occurred. It caused withdrawal of
the seas in sowe areas und the deposition of conglout-
erates and coarse sands in the H zone section. This
uplift represents the tirst pulse of regional metauor
phism and granitic emplacement in the High Sierras
during the Santa Lucian orogeny. Shallow water con-
ditions i some arcas allowed the growth of Rudistids,
possibly 1n clear, warm seas. Erosion of Lower Cre-
taceous beds probably took pluce east of present out-
crop areas and caused the reworking of Albian fossils
into Cenomanian strata. Renewed subwergence was
again interrupted regionally by tectonic uplift to the
east, causing widespread slumps aud conglowerate
depositiou at the base of the Venado formation. These
events probably retlect another pulse of the Santa Lu-
cian orogeny, possibly one accompanied by additional
granitic intrusion. sSubsequently, eastward transgres-
sion took place aud Venado sandstones overlapped all
older rocks to rest on basement in a wide area of the
central Sacramento Valley. Maximum H zone thick-
pess reaches nearly 10,000 feet in the west side out-
crops.

Page 14

Upper Cretaceous G Zone

Marine seas continued to advance easterly on the
Sierran landmass, overlapping the eastern edge of H
zone scdiments. Exeept along the eastern ghoreline,
the indicated depositional environment was conl and
deep. Shoaling, or rejuvenation in the eastern source
area may have occurred twice because the Sites and
Guinda formations contain fine- to mediom-grained
sandstones. The adjacent rock units (Yolo, Funks and
“Dobbins Shale” formations) are predominantly silt-
stone and mudstone. More than 6000 feet of G zome
beds were laid down on the west side of the Valley.
Some of these are represented by a thin, near-shore fac-
jes exposed along Chico Creek. Heavy mineral analysis
of the G zone strata indicate a Sierran metamorphic
suite.

" There is good evidence for an unconformity be-
tween F zome and G zone sediments, especially in the
northern, central, and eastern subsurface parts of the
basin.

Post G Zone .

Although the F zone overlaps the G zone from
Chico Creek southward, the scattered surface and sub-
surface control shows an offlap relationship to the
north. These conflicting events can be explained by
the unconformity between the F and G zones. There
may have been withdrawal of the seas after the late
G zone time and either nou-deposition of, or erosion
by, the lower F zone before transgression began again.
The early F zone transgression was shortlived and, in
some areas, did not reach the eastern limit of previous
G zone seas. Subsequently a gradual withdrawal of
marine seas began in late F zone time and continued
until the end of the Cretaceous.

Although there were marine invasions during the
Tertiary, none of them covered as extensive an area
as those of the Late Cretaceous.

HYDROCARBON POTENTIAL
Source Beds

Figure 9 is modified from Trask’s study on source
beds in the Mesozoic rocks of the Sacramento Valley
(1934, tizs. 1 and 5). Sigmificantly, Trask concluded
that almost any part of the late Mesozoic section, €x-
cepting sowne of the sandy intervals, oifered the same
possibilities as source beds as any other part.

Sinee 1934 gas in substantial amounts has been
discovered in Upper Cretaceous beds. Following
Trask’s line of reasoning one can postulate that simi-
lar economic deposits could occur in older sediments
provided adequate reservoir rocks and suitable traps
can be located.

Seeps

Considering the great thickness of late Mesozoie
sediments with hydrocarbon generating capacity, the
paucity of oil seeps is anomalous, It is not surprising
1o note a lack of gus seeps, for without a water media
to pass through and be observed. gas from ourcrops is
impossible to detect. Carlson {1962, p. 23) and Lach-
enbruch (}96:’., in text} recently have tompiled data on
the loca.nnn and age of beds containing the seeps.
One additional is added: numierous gas seeps occur in
fractured Upper Jurassic mudstones along the south
fork of Elk Creek in sec. 13, T. 20 N.,, B. T W. Tke



following summary shows in a general way that each
part of the stratigraphic column has generated hydro-
carbons:

Upper Lower Cenomanian G zone &
Jurassic Cretaceous . younger
38 oil 2 oil 2 oil 2 oil
1 gas 4 gaa 5 gas

Reservoir Rocks

Generally speaking, compared to the older sand-
stones, the younger contain higher porosity and per-
meability. However, sandstones capable of producing
hydrocarbons (especially gas) occur in every part of
the exposed sedimentary column in limited thickness.
Since the presence of eastern shorelines has 'been' ade-
quatly demonstrated, it is not difficult to visualize a
higher proportion of clean sandstones in the subsur-
face eastward from the outcrops.

CONCLUSIONS
Isopach maps of the different time-rock wunits
show that the Sacramento hasin was formed in the
Late Jurassic and received deposition of marine sedi-

' ments totaling 60,000 feet until the end of the Cretace-

ous. There was onlap eastward toward the Sierran
landmass from which most of the sedimenis were de-
rived. Although almost continuous sedimentation oc-
curred along the western margin of the Valley, wide-
spread uplift and erosion took place on the eastern
shelf during the Late Jurassic and Early Cretaceous,
and periodically in early Late Cretaceous time.

The overall lithologic similarity of the late Mes-
ozoic section suggests that the environment remained
almost constant during its deposition. Turbidites
abound in the strata. This, combined with a dearth
of fossils, implies accumulation along the outer shelf
or upper slope (lower neritic or upper bathyal) below
the reach of waves and bottom currents,

Based on the presence of thick sourcebeds and po-

‘tential reservior rocks, the pre-Upper Cretaceous see-

tion offers good possibilities for Ilarge hydrocarbon
reserves. These will be expensive to locate, drill and
complete; therefore, economics will play an important
role in their exploration.
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STRATIGRAPHY OF THZ LATE UPPER CRETACEOUS IN THE
SACRAMENTO VALLEY ! :

William F. Edmondson 2
Bakersfield, California

Abstract

Except for a lower member, which is essent'mny
parallel t% the underlying Dobbins Shale, the F Zone
section was deposited with progressive eastyard onlap
onto older formations and basement. The Kione Sands
and the accompanying E‘ fauna are a s_hnllow water
facies of the F Zone. Sand development’ elsewhere in
the T Zone is characterized by rapid facle_s chabges
which account for considerable stratigraphic gas ac-
cumlation. The Sacramento Shale and the Winters
formation were deposited above the I' Zone without
any break in sedimentation. Deposition of the Winters
formation closed with a transgression of the sea fol-
lowed by a series of regressions and transgressions
which resulted in deposition of seven regressive sand
bodies which are the Siarkey Sands, the youngest Up-
per Cretaccous formation in the Sacramento Valley.

Introduction

During the late Mesozoic an extensive series of
Upper Jurassic and Cretaceous marine formations
were degosited in a rapidly subsiding geosynclinal
basin in northern and central California. To date only
the late Gpper Cretaceous formations have yielded hy-
drocarbons, all natural gas, in significant commercial
quantities. This paper will be limited in scope to the
occurrence of these late Upper Cretaceous formations
in the Sacramento Valley. These formations have lim-
ited surface outcrop and this paper is based almost
entirely on subsurface well data. In age they embrace
the Campanian and Maestrichtian European siages.
The Mount Diable base and meridian are used for the
geographical frame or reference,

F Zone

F Zone Depnsition: The name F Zone as used in
this paper includes formations commonly referred to
" as the Forbes Shale, Kione Sands, and Wild Goose
sands. The I" Zone unconformably overlies the Thob-
bins Shale (somctimes called “G” Shale) and is con-
formably overlain by the Sacramento Shale. Tts pres-
ent surface and subsurface extent is shown in Figure
1. The eastern limit very nearly coincides with the

1. Presented lgg%re the San Joaquin Geological Society,

2. Consulting Geologist. Partner, Reynolds and Fidmondson,

original limit of deposition; the western limit is that
of surface outerop and truncation by Tertiary forma-
tions. The original northern limit was probably be-
tween the present oceurrence and basement outerop.
The oviginal I Zone basin as well as present occur-
rence extends far south of the area shown in Figure 1.

Isopachs of the total F Zone deposited are shown
in Figure 2. Reconstructed isopachs, shown by dash-
ed lines, are used in the northern part of the valley
where the upper portion has been eroded off. The
westward swing of the isopachs to the south is the
expression of a genrle high which formed during the
carly portion of F Zone deposition. This does not
represent a southern limit fo the basin since this trend
reverses further south where thick sections are again
cncountered.

Lower Member of the F Zone: In the Colusa Basin
area (approximately T 12N to T 13N and R 2 W to
R 1 E) the T Zone has a lower member which is about
800 feet thick that is not present at Beehive Bend
and northward. This unit has not been recognized
(possibly because of insufficient well control) south
of T 12 N. A minor uuconformity exists between it
and the underlying Dobbins Shale though there is no
significant oulap except near the 4500 foot F Zone
isopach (Fig. 2) where it goes out to the east, pri-
marily by oulap onto the Dobbins Shale. This lower
member has an F-2 fauna that loeally shows some G-1
zone affinities. Sand development is’ generally poor
but at Grimes there is good sand development and sev-
eral gas weils have been complered from these sands.
This lower member is separated from the rest of the F
Zone by an unconformity.

The rapid eastward loss of F Zone section is duc
to onlap at its base onto the Dobbins Shale and onic
basement further east. In areas where the lower memn
ber of the I Zome is present this onlap occurs at the
unconformity which separates the bulk of the F Zon
(Fig. 4) from its lower member.

Figure 3 shows an area where there is little sigui
ficant onlap of the I Zone onro the Dobbins Shale am
where these two formations would appear eonformabl
This area extendds from T 18 N to near Red Dluft
Horizons which overlie the Doblins Shale throughon
this area of no significant onlap are at abeut th.
same stratigraphic Ievel as those at Grimes whick over
lie the lower member (Iig. 4) of the I Zone at a re
duced rate of onlap.

Faunal Zones: There are three fauna zouules with
in the I Zone, namely Gondkoff's B, -1 and F-2. Re
Iationship of these zonules to cach other is shown i-
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FIG. 2. Isopach of toal F Zone.
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ure 3 with the left side representing the section in
part of the valley and the rigit side
the soutbern end. These are facies fauna and all three
existed simultaneously in environmentaily different
areas of the basin during the most of T Zove time.

Original desingartion of the fauna associated with

the Kione Sands as a facies of the E zone was an er
ror. Subsurface control proves it must be a facies of

g
the northern

the T zone. The fuuna is meager and bears at lea
as much similarity to the T zone fauna as to the
wome fauna. The taunal differences between -1 a
F-2 are not too great and it is often difficult for t
paleontologist to differentiate the two.

Fimure i shows correlation seetion C-C' whose 1i
of section is taken well out into the basin but paral
{0 the eustern margin, The bigh shown at Dotre

Page



SACRAMENTO SHALE - E- ZONE

KIONE SAND

DOBBINS SHALE - G-1 ZONE

FIG. 5. F Zone Faunal Relationships.

Hills (T 4+ ¥/R 1 W) did not come into existence un-
til F Zone time. ‘This section shows rupid crossing ot
time lines by faunal countacts wirth no -2 fauna at
the north and no 1 fanua to the south. The first
oceurrence of -2 fauna has a vertical stratigraphic
range in evcess of GOUO feet. The general parallelisin
of the Ef to I*-1 contuct and the -1 1o -2 contact 1%
most striking. The rate of ounlap against the high at
Iotrero Hills is only 143 feet per wile which makes
the initial northward dip of this high no greater than
115 degrees. DPosition of faunal conrracts awl theiv
migration through the section bave real signiticance
with respect to depositional environment and basin de-
velopumient.

Kione Sends: The Kione Sands are a shallow wa-
ter facies of the I #ome. Unlike sands within the
Forbes Shale these sands are easily correlated.  In
places they show characteristics of deltaic depositivn
but o call the whole Kione development a deltaic de-
posit would be erroneous. Locally these sands are lig-
nitie sugmenting possible ligoonal environment. Signi-
ficautly the lignitic sections, when present, are ut the
top of the preserved scction. The dominant direction
of facies change is from north to south rather than
cast to west.  Detailed examination of the Kione's
distribution and thickness reveals probable  source
aveas to the east as well as to the north. Relation-
ship of the Kione to the wnderlying Forbes xhale is
not completely clear though two generylities seem to
apply. First, the Kione developes deeper into rthe see-
tion where the coutact is a facies change as in the
Beehive Bend area. Second, the base of the Kione is
higher in the section where much of the thinning oc-
curs within the Kione itself and not by facies change.
Yocally au unconformity has been nored at the base
of the Kione with best developwment wear Grimes,
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Basin Dcvelopment: The break between the Dob-
bins Slale and the lower member of the I' Zone prob-
ably represents little more than a regression of the
sea, with deposition of the lower member of the F
Zone being restricted to what was probably then the
deepest portion of the basin. Relatively sudden west-
ward tilting and downwarping beginning far outf in
ihe basin brought 2 close to deposition of the lower
mewber of the F Zone and initiated deposition of the
wain portion of the F Zonme. At least 7000 fect of
section were then deposited with gradual eastward on-
lap outo older formations and finally onto basement.
The relatively minor amount of erosion noted beneath
this surface of onlap sugwests that the sea may have
remained over previously deposited formations through-
put most of I Zone time. Local uncouformities arc
noted within the F Zone but none other than those
wentioned are of any significance.

The author’s concept of basin conditions as they
existed towards the latter part of I Zone time are
shown by Figure 7. Three sigpificant features are
shown: (1) There was a gentle southward tilt at less
than V%, degree. If this southward tilt were 1, de-
gree the water depth at tbe sourhern end would be
3500 feet, u depth greater than that believed to have
existed. (2) There was progressive southward regres-
sion of the sca with possible emergence of the north.
ern cnd of the vailley above sea level. (3) The fuunal
zones were controlled by depth of deposition, The E’
fauna were deposited above déprh A, 1 fauna be.
tween depths A and B, and ¥-2 fauna below depth B.
This toguther with the southward regression of the
sea produced the crossing of time lines by faunal con-
tacts. Though depth is certainly notv the ouly factor
which might control fauual occurrences many other
controlling factors are related to depth.

Near the end of F Zone deposition some 1winor
northwanl tilting took place in the Grimes-Marysville
Buites area. The base of the Afrou shade is believed
to be the surface aiong which minor oulap accompany-
ing this tilting oceurs. Above this horizon the Kione
Sawls begin to show some transgressive churacreristies
and the close of T" Zone deposition withiesses a waus-
aression of the sea and a return to conditions so simi-
lar to thuse under which the Dobbins Shale was de-
posited that some faunal elements of the Dobbins Shale
recur in the Sacruwento Shale.

sSumwarizing Lusin development during F Zone
time there were these major changes: 1) A minor
regression of the sea followed by deposition of the low:
er member of the I Zone, 2) Downwarping begin-
uing far out in the basin accompnied by some west-
ward rilting, followed by deposition of the remainder
of the I* Zone, 3) Genrle southward rtilting, «4) Re-
gression of the sea to the south. 13) Transgression of
the sea at the close of F Zone tiwe with a deepening
af the enrire basin,

It Zone Sands: Sands within the F Zoue. other
than the Kione facies. are somewhat irvreguiar in their
Jdistrubtion. These sands normally comprise less than
20 per cent of the section. am? the 300 feetr of section
helow the Kione is usually deveid of =amd exeept lo-
cally in the Marysvilie Butres area.  Facles changes
are rapil thowgh lirtle change in gross interval thick-
ness aceowpunics these chavges. Two primary cur-
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rent vectors were responsible for sand distribution in
the F Zone, one being the southerly along-shore current
in the east portion of th basin, the other being western-
ly currents induced by rivers to the east feeding sedi-
ments onto the west sloping basin floor. Velocity
changes in these currents were responsible for the pat-
tern of sand distribution and localized tbe accumula-
tion of sand. Basin floor topography and depth were
primary factors affecting velocity changes. )

A major sand source was from the north as evi-
denced by the greater sand percentagus and less rapid
facies change in the north end of the basin. Typical
wasterly sand sonrces ave identified by the higher sand
percentages at Beebive Bend and eastward, and at
Avbuckle eastward through the Colusa Basin, The
southerly current componeut is best exhibited in the
distribution of sand from north of Kirkwood to Bee-
live Bend, to West Butte, to East Grimes. The west-
erly currents have buen found to be most persisteut
throughout F Zone time.

Turbidite sands lave been reported in the F Zoue
at Tutah Creck (T 8 N/R.2 W). [t ix possilile that
some of the more westerly sands in the F Zone which
had deeper environments of deposition may be at least
in part turbidite deposits,

Gas Production: I'roduction from the Kione Sands
comes from conventional traps such as anticlinal clos-
ure, faulted structures, and well defined stratigraphic
traps. Gas reserves of about 350 million MCF have
been developed to date from the Kione Sands. Produe-
tion from the T Zone sands, on the other baud, is due
to stratigraphic and fault-stratigraphic entrapment ex-
cept at Arbuckle and possibly some minor acemnula-
tions where the traps are primarily stractural. (ias
field development curiug the last  three years ltas
shown thar structural position is of minor importance
towards lvealizing I Zone stratigraphic accumula-
tions. The best production is found in areas of great-
er thau average sand accnmulation aud nore rapid
facies changes. Within any segment of the F Zone the
following factors are considered important in localiz
jng sand accumulation and gas production: (1) Dis-
tanee from zero line of deposition. (2) Depth of de-
position. (3) Location of offshore tributary rivers. (4)
Basin relief. (5) Initial folding.

Present development of reserves is expamling
rapidly and the proved reserves of the I' Zoue, exclus-
jve of the Kione facies, now exceed 1500 million MCTF
which makes this the major Upper Cretaceous produc-
ing fornation in the Sacramento Valley.

Sacramento Shale

The Sacramento Shale, whose lhinits are shown on
Tigure 1, is only abont 200 to 100 feet thick and it
carries the fauna of Goudkoff’'s E Zone. In the south-
western part of the Sacramento Valley this formation
has a horizon which contains recurrent faunal elements
of the Dobbins Shale. Disappearance of this recur-
rent horizon ito the north indicates that the basin was
deeper to the south. Because the basin was deeper to
the south depositiounal conditions which produced the
Sacramento Shale came into being slightly earlier than
they did further north and as a result this formation
is generally thicker to the south. The top of the Sace-
ramento Shale is typified by an electric log character-
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istic called “the neck”, caused by an incrcase in re-
sistivity higher in section which is a reflection of siltier
deposits rvesulting from a regression of the sca. This
regression affected the entire basin at about the same
time.

Winters Formation

The northern, western, and eastern extent of the
Winters formation (Fig. 8) is for the most part limit-
ed because of truncation by younger formations. The
Winters formation extends southward into the north-
ern San Joaquin Valley where it has similar thicknesy
and fauna. In the Sacramento Valley it attains 2
thickness of more than 2500 feet and, except for the
uppermost and lowermost portions, is dominantly
sand. This sand goes to shale to the east and north
and to a lesser extent to the west. One might assume
from Figure 10 that following deposition of the Win-
ters formation there was a major uplift and consider-
able erosion prior to deposition of the overlying Star-
key Sands. There are several serious objections to this
assumption and the following sequence of events is
offered as a more probhable explanation.

Deposition of the Sacramento Shale came to a
halt because of a shallowing of the basin aud was im-
wediately followed by deposition of the Winrters for-
mation with no break in sedimentation. Deposition of
the Winters formation was accompanied by a contin-
ual regression of the sea and a consequent reduction
in the size of the basin, The original limic for any
given horizon in the Winters formation may bLe no
wore than a few miles beyond the line of truncation
by the overlying Siarkey Sands. The unconformity
uear the top of the Winters formation represents a
period of non-deposition with only a relatively minor
amount of erosion taking place. This regression did
not continue to the point of disappearance of the basin
and in the central portion of the basin there is no break
in sedimentation between the Winters and the Starkey.

The Lasal Starkey Sand member extends beyoud
almost all horizons of the Winters formation and be-
wins with u regressive eyele. This forees the conclusion
that the Winters closed with a rapid transgression of
the sen with depositiou extending over a much broad-
or ured. An uncouformity [Fig. 10) is atr the base of
the first sediments deposited following this transgres-
sion and is estimated to be 30 to 250 feet bencath the
base of the Starkey Sands, This lower position of the
uncouformity (it has been pluced by some at the very
base of the Starkey Sands) has only locally been recog-
nized on the basis of electrie log correlations.

An unusual feature of the Winters formation is
the fact that near the eastern limit of the basin the
formation is shale with the sand ovenriug furrher out
in the basin. Tt is certainly likely that a near shore
sandy facies did exist but was removed by erosion fol-
lowing regression of the sea and prior to the traus-
gression that preceded depusition of the Starkey
Samls.

In the Rio Vista area (T4N/R3E) and north the
sanels have sharp contacts with the relatively few
=hale breaks and some sand bodies are several Lundred
feet thick with little shale or silty developinent. South
of Rio Vista, in the Lathrop-Tast Stockton area. these
sauds becowe less massive with numerous shale breaks
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FIG. 11. Carrelation section E-E’
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and silty facies and more rapid facies change within
the area of sand development. Further south, at Mo-
desto and Vernalis, these sands again become Imore
massive. ) )

Winters Encironment : The Winters formation cob-
tains the fauna of Gundkoff’s D-2 and I zones. In the
Sacramento Valley the first E fauna is usually fonnd
below the sand development near the base o_t‘ the for-
mation but in the northern Saun Joaquin Valley the
first 12 fauna is found above the sand development
(Fig. 11) near the top of the _fm'mutmn. _These wo
sand facies and the associated fauua are tne equival-
ents which had ditferent environents of depasition.
These two facies merge south of Rio Vista where little
data ou this formation is available. The shale shown
between the two sands on Figure 11 is in large part
the result of the line of section used and should not
be taken to imply that these two .-'_u1ul_.~: are f:vury\\'lm-u
separated by a shale barrier. A difference 1n depth of
deposition could be an explanarion for the tllffel:l'llt
facies though other factors are more likely responsible
for the different environments that produced these
facies, ) )

Limited data indicates maximum thickuess for this
formation along a line from Winters (T 8 N/ 1 )
to Lathrop (T 1 S/R 6 12) and this appreximates the
center of the depositional basin. This basin was cer-
tainly bounded by land to the east and northeast and
probably to the west and northwest also. Conuection
to the open sea was either at the southern end of the
basin or more likely at some break along the western
limits of the baxin. It is possible that this connecting
chanuel to the sea may have been southwest of Rio
Vista and that the two fucies of the Winters sands ave
a reflection of one being north and the other south of
the latitude of this channel.

Wintrrs Production; This formation is productive
in five gas fields in the Saeramento Valley with total
initial gas reserves of abour 160 million MCF. The

-only oil well of significance in the Sacramento Valley.

produces from this formation in the Winters ficld
where efforts to exreud this production have not yet
been successful. During 1961 a major discovery wis
made at Lathvop from the sonthern facies of the Win.
ters sand. The trap at Lathrop is structural and in-
dividual wells have encountered up to 500 feet of gas
sand.
Starkey Sands

The vame Starkey Sands as used in this paper in-
cindes the Starkey Sunds, the I & T Shale and the
regressive sand body above the H & T Shale. This is
the younge.t Upper Cretaceous formation in the Sae-
ramento Valley; its present extent is shown in Figare
9. The oceurrence of this formation in the northern
San Joaquin Vulley is extensive though many sweati
avaphie, depositional, and envivonmenral changes are
enconntered that will not he discossed in this paper,

Timure 12 shows correlation of the Sutirkey Nands,
The Lottom three regressive sands of the Starkey cor-
relate to the Tracy Sand of the northern San Joaguin
Valley, the three regressive sands below the H & 7T
Shale and the II & T Shale occupy that portion of
the section occupied by the Blewert and Azevedo Sands
awl the Moreno Shale; and the resressive sand body
above the H & T Shale correlates to the Garzus Sand.
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The Starkey Sands contain the fauna of Goud-
koff’s C, D-1, and D-2 zones though faunal develop-
ment is usually too poor to allow exact zonation ex-
cept in the northeru San -Joaquin Valley where the
faunal zones are wore clearly defined.

In the Rio Vista arca the bottom six of the seven
regressive sawds are cither missing or not developed.
The disappeavanee of these sands is accompanicd by
a corrsponding loss of totul inlerval suggesting pinch-
out rather than shale out, the evidence for which is
cousiderable but uot couclusive. More data is need-
td to completely solve this preblem and the conclusion
stated above should he cousidered tentative.

During deposition of the Starkey Sands there
were seven rapid transgressions each followed by a
nmore gradual regression.  Subsequent crosion bas lim-
ited our knowledge of the original e¢xtent of this unit
but in the Sacrameunto Valley a land mass certainly
exisied to the east and northeast and probably not too
far beyoud the hmits (Iig. 9) of present occurrence.
In the norvthern Ban Joaquin Valley the Tracy Sand,
which is equivelant to the lower Starkey, shows an
castern source on the castern side of the valley and
a western source for areas to the wesr. [t is assumed
that basin limits for the Starkey were similar to those
for the Winters with a land mass probubly existing
to the west except for u possible connecting channel
to the open sca.

In the Sacramwente Valley four small ficlds pro-
duce from the Starkey Sands with total initial reserves
of less than 104 million MCI. In the uorthern San
Joaguin Valley pood gas reserves in the equivelaut
portion of the section Lave Leen found iu three fields
to date.

Close of The Creteceous
Paleoutulogical evidence for the Cretaceous-L'ale-
ocene contact is poor, though definite Cretaceous fauna
have been found in the 1I & T Shale. The obvious
change in deposirional environment noted in the se¢,

tion above the regressive siunls of the Starkey argues - -

in favor of placing the contact at the top of the ve-
sressive sand body above the I & T Shale. In the
central portion of the valley no crosion has been noted
at the top of the Creracevus awd the coutact appears
accordunt. At Potrero Hills and elsewhere alony the
west side the Cretaceons has been eroded with sedi-
ments considered 10 be P'aleocene overlying the uncon-
formity.

Basin development after F Zone thue to the end of
the Cretaceons can be summarized as follows: (1)
Deposition of the Sacramento Sbale in a rvelatively
deep environment but euding with a regression of the
s, (2) Courinued vegression thronghout deposition
of the Winters foruation with the basin becoming
quite vestricred. (3) A rapid transgression. the first
of seven cyeles of mnsgression and regression during
which the Starkey Sumls were deposited. °

Following deposition of the Sacraento Shale the
basin was bounded by a western land mass with a
possible channel o the open sea southwest of Rio
Vista, This land wass either came into being during
deposition of the Winters formation or it is & more
easterly position of a lund mass that previously had
4 wore rewoved position to the west. :



GEOLOGY OF THE KIONE FORMATION ! s

John N. Thomson 2

ABSTRACT

The Kione Formation is an Upper Cretaceous unit
with a maximum thickness of 22007 of alternating sauds
and shales encountered in the northern two thirds qf
the Sacramento Valiey, California. The {ormation is
trough-shaped in gross form and is trunc:a.led by younger
formatious on its north, west, and east sides. The forma-
tion disappears to the south by shaling out at the base
into the Forbes TFovrmation. The Kione also shales out
at the buase to the north and west, and locally to the east.

The sand portion of the formation was derived from
the Sierra Nevada to the east and was deposited in a
marine enviromment. The Kione is genorally considered
to e of shallow water origin, although there is little
direct evidence for this conclusion. _ )

Gas is produced from the Kione in numerous fields
in the northern portion of the Sacramento Valley. Salini-
ties of formation warers and the heating qualities of
the produced gas show a wide range of variation with
no sct pattern. . .

Shallow depths and favorable reservoir qualities make
the Kione an atractive objective. Future exploration for
Kione gas will be stimnlated by the increasing amoum
of data available from the Sacramento Valley.

HISTORY

The Kione Formation in some ways is a difficult unit
to work with. This circumstance ix reflected in the lack
of zeneral material written on the subject. Tu 1920 Dr.
Howell Williams, of the University of Califernia, pub-
lished a paper on the geology of the Marysville Buttes
in which he described some white sandstone outeropping
on the south and southwest flanks of the Buttes as Ione
Formation. an understamdible error considering the state
of the stratigraphic knowledge concerning Sacramento
Valley at that time.

In 1943, .Johnson pointed out that this sandstone
wis included within the Cretaceous section, and thevefore,
was older than lone. Nowhere in the text doees Jolmson
use the tertn Kioune, hut in figure 271, which compared
the stratigraphic usages of various workes in the Buttes
area. Jolmson has “Kione” opposite the Tone of Williams
and others. The nanwe Kioue is reporredly a contiaction of
K (for Cretaceons) and lone, The name apparvently found
quick aceeprance, sinee it was employed in core deserip-
tions written shortly after. Altheugh the naming of the
unit wonld be consiitered - inadequate under the present
rules of the Code of Stratigraphic Nomenclature, the
name has been widely used and should be retained on
that basis. '

ligs"r;resented ta the San Joaquin Geological Society April 10,

2.” Geologist Partner Pohlmann and Thomsen. The author is
gra}tletr’ul to QOccidential Petroleum for aid in draiiing the
exhibits. ‘

B

STRATIGRAPHY

The Kione TFormation is an Upper Creataceous U
fonud in the northérn two thirds of the Sacramento \
ley, generally at the depths from 1500° to 35007
thickness ranges from 07 to approximately 2200°. Fig
1 illustrates portions of two eleetrie. logs from w
witich penetrateld the Kione section. The first log, ©
the Mobil “Llano Seco” 1 in 33:20N/1W, is a more or
typical log of the Kione, demonstrating the alternai
sand and shale character of the formation. The sec
log is from the Honolulu “flonceluiu-TTumble-Wild Goc
No.1in 171X /18 and shows the appearance of the sa
where they coutain gas,

A composite description of the sand portion of

Kione compiled from nnmerous core deseriptions follo
SRandstone, light to medinum gray, gencrally mas:
occasianitlly cross-bedded, soft, locally crumbly, °
soerted, fine to coarse grined, average medinm gr
«d, conunon pebbles to 14, locally with graded
ding, 50% quartz, 23% feldspar, 23% dark gr
including common black chert, common mica. «
mon glanconire, occasional pelecypods, abundant
bonacvous material and leaf imprints, occasiona
regular clasts of clay shale, locally with caleam
shells, permeability and porosity good. :
In addition. correlation of eleetric logs indicates
the Kinne sands arve lentienlar on a large seale, and
there are oceasional minor unconformiries within tha1
Some geologists believe that the formation contain
least one major unconformity within ir, but this has
heen apparent to the writer. ;
The interbedded shales may be described as:
Clay shale and siltshale. dark ‘brown to gree
gray, maderarely hawrd, locally fissile, fairly
sorted, commonly very finely sandy, common
honaceous material including seed pods. oceas:
thin layers and irregular pods of sandstore as
eribed above, oceasional phesphatic mareria
The interbedded shales make satisfactory cap r
The Wild Gooxe field las several different produ
zones with individoal gas-warer interfaces, In add
some fields produce from a siugle sand within the fc
tion. the Afton field being a case in point. Becau
thix. any well to test Kione should penetrate the e
seerion,
Figure 2 is a base map of Sacramento Valley sho
the loeation of Correlarion Nection A-A‘ <hown in F
3. The map also xerved as a base for Figures 4. 5, 2

The stratigraphic relationships of the Rione ar.
tured in the correlation seetion in Figure 3. The f.
tion ix overlain wuconforably by Eovene Capay fror
ti_un T1TN/1E to the north and overlain conformalk
Upper Cretaceons Sacramento Shale to the sonth,
luwer contaet of the formation ix a facies change, th.

_al.purtion of the Kione being equivalent 1o sha

r

Page <



the Forbes Formation.-The area containing the maximum

K I O N E FO R M AT ' O N thickness of Kione extends from Willows to Soutk Corn-

ing. Here the upper portion of the Kione is equivalent to

TYPICAL ELECTRIC LOGS the Wild Goose sands producing in the Wild Goose field
: to the south; the lower portion is equivalent to the Estes,

Hill-Elvidge, and Friesen sands in the Willows field.

MOBIL HONOLULUY The choice of a point to be picked as the base of ]_Iioyl.e is
Llgno Seco- | HOC - HOR, Wild Goose-l somewhat of a problem in this area. Various publications
33-T.20K. A W T TATNL RAW. <how the buse in various places, but all seem to agree

that such sands as the Estes, Hill-Elvidge, and Friesen
<hould be included witkin the Kione since they are appar-
19083 ently indistinguishable from it. '

2000 4 © The Kione is generally considered to be in Goud-
koff's “E’ zone. Some -people consider the Forbes to be

#F” zone, some cousider it to be “E” and “F” zoues. The

moment, but the Kione s laterally equivalent to the upper

o'

matter is apparently one of personal preference at the
part of the Forbes, no matter which age is assigned to it.
This fact is best demonstrated in the southern portion of
the area occupied by the Kione where it is considered to
be overlain conformably by the Sacramento Shale. As
Figure 3 illustrates, the Kione disappears to the.south =
roe xiowel aund the disappearance must be by shaling out into the
z"”% 17 = Forbes Formation. This shaling out generally occurs at

LIinatus At 4

2000 -

= the base of tlie formation, and the basal sand of the
— Kione almost always appears to be silty, no matter where
= the location, As far as the writer knows, at this time no -
sand similar in appearance to the Kione bas been found

z to occur between the Sacramento Shale and the TForbes
or their equivalents in the southern part of Sacramenio
: Valley.
Tn addition to shaling out to the south, the Kione
= can be demonstrated, at least locally, to shale out to the
3000 -

Ly —r

2500
west and to the north. The final mode of its disappearance
is by truncation by younger beds, but a facies change
from sand to shale at the base is a contributing factor.
There is also some indication that the Kione shales out
to the east in some areas and does mot in some other
areas. Here again, the final mode of disappearance is by
truncation. The writer is not aware of any Kione in out
crop, except at Marysville Buttes.

Figure 4 is an isochore map indicaring the drilled
\ thicknesses of Kione where it has been encountered. Cer-
- tain determinations in constructing the map, such as
a' 3500 g J whether a particular sand should be included in the forma-

wﬁwﬂ WW M \

3000

tion, where the basal unit becowmes too shaley to be con-
= sidered Iuone, etc., are open to personal interpretation
% The writer belicves, however, that the overall coufignra-

tion is well within the limits of accuracy necessary to in-
dicate the general shape of the jross body of the Kione.
The writer chose to isochore the map because he personal-
ly cannot follow any one marker in the Kioue far enough
to derive from it a vegiloual structural contour map. As
stated ubove, the base is a facies change, and the top is
an unconformify over a large part of the area. Neither
would be satisfactory -ro contour. In addition, a struet-
ural contour map would probably have little genertic stra-
tigraphic significance. ) °

The t_h?cl:ness of Kione at any one point is determined
by 1) original and depositional variations in thickness
and 2} the truncation of the Kione by vouager formatious,
In tlmt area where the Kione is overlain conformably by
the Sacramento Shale (see Figure 4) the pattern of thick-
FIC. 1. Typical'Electric Log of the Kione Formation, eSS is dependent on original variation in deposition. This
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variation exists in the area where the Kione is overlain
unconformably also, but is masked by the greater rate
of variation due to truncation,

It is interesting to note that near the Marysville
Buttes and the so-called Colusa Buttes, to the west, the
Kione thins in a manner inconsistent with the general
trough-shaped pattern of the Kione where it has not been
eroded. .

The thinning of the Kione in this area suggests the
presence of an ancestral high arvea predating the forma-
tion of the present day Buttes.

Figure 4 also demonstrates clearly the general course
of the ~l'vinceton Gorge.” The zero isochore lines alony
the “Gorge” indicate the bounduries of the area where
th Kione was eroded completely away.

Stratigraphic relationships are not clear in the ex-
treme northeastern portion of the isochore map and the
question has siinply been begged by leaving that area
blank.

Figure 5 illustrates the area in which the Kione is
overlain by the Sacramento Shale and the various areas
in which the Kione is truncated by Capay, “Gorge”, and
Tehama and Eocene Undifferentiated.

ORIGIN AND SOURCE

The origin of the Kione has been characterized in the

past as lacustrine and continental, estuarine, and deltaic.
Despite the common carbonaceous matter and seed pods,
the lacustrine and continental theory would seem to be
ruled out in view of the following:
(1) the underlying and overlying foriations were marine,
(2) the Kione is laterally equivalent to marine shale,
(3) salinities range over 1500 grains per galion, (4) there
is a sparse marine fauna, (5) glauconite is commonly pre-
gent in the sands.

Estuarine i perhups partially descriprive of the Kjone
in the sense that the word is defined as a place where
the river meets the sea. but it also carries the implication
of a more enclosed area of Jdeposition than seems likely
in this case. Because the Kione can be seen to shale out
to the west, it is probable that the western wlge of the
basin, if one existed, was considerably west of the edge
of the present day structural basin.

Probably the term deltaic best describes the origiu of
the Kione. Based on the thicknesses shown on the isochore
map and on the assumptions that the Kione is 30% sand-
stone and that the sandstone has an average porosity of
30%, the volume of sand contained in the Kione is about
115 cubic miles. Considering this volume and the mineral-
ogic content of rhe sand, it was almost certainly derived
from the Sierra Nevada to the east. There is little evi-
dence, however, that the Kione increased in thickness to
the east nor that the percentage of sand incrased to the
east. Locally the Kione actually seetus to shale out at the
basc to a minor degree in an easterly direction. This sug-
gests the probability that numerous point sources fed
sand into the *basin” to form deltu-Jike deposits which
coalesced at some distance from shorve, followed by some
subsequent redistribution of material by current action.
It should be also noted that the Kione is approximately
50% shale, and that the depositional processes responsible
for the Forbes formation apparently continued during
the influx of saud from the east.

The Kione is generally considered to be of shallow
water deposition. Although direet evidence of this prob-
ably exists in somebody's files, the writer is thus far un-

aware of it. The “E™ fauna, as listed by Goudkofl,
contains only one form not found in “BE” zonc and two
forms not found in I zone, both zones heing considered
deeper water than the “157, The “15% funna is apparently
distinet from the “E” and “I'™ faunas not by what it con-
tains, but by what it does not contain. Whether the
missing forms dropped out in “I due to shallowing or
due to an increased amount of sand in their environment
is a gquestion for ihe paleontologists. .

In addition, if the sand in the Kione indicates
shallowing of the area of deposition, it would seem likely
that the waximum thickness of Kione should exist on the
east border where shallowing would have ocenrred first.
fustead, the Kione appears to be a trough-shaped deposit
with the greatest thickuess in the center, even in that arca
where it has not been truncated arvound the edges.

The writer has no set opinion as to the depth at
which the Kione was deposited, but the presence of large
amournts of 'sand in the formation would seem to be more
indicative of the conditions in the source area than in
the area of deposition.

Whatever the depth involved, deposition of the sand
in the Kione must have been relatively rapid. The sand
in subsurface samples appears fresh and angular, and the
common occurence of wood fragments, sced pods, and

leaf impressions suggests rapid transportation and bur-
ial. ..~

GAS PRODUCTION

Figure G illustrates the fields which produce gas
from the Kione, and B.T.U. and salinity values from some
of them. Addition of fizures published by the California
Division of Oil and Gas in “Summary of Operations —
California Oil Fields” yields a cummulative production
from the Kione as of January 1, 1961 of approximately
91,000,000 M.C.F. aud an estimated reserves total as of
that date of approximately 109,000,000 M.C.F. The D.
0.G. figures for fields producing from more than one
objeetive are not broken down, and the Kione portion of
production from such fields as Willows was approximat-
ed by the writer. Reserve figures on various fields com-
puted by engineers of the companies involved may differ
somewhat from the D.O.G. figures.

The reservoir characteristics of the Kione are gen-
erally conducive to gas exploration. Porosities are com-
mouly 23% to 30%. and permeabilities range from 300
nul. to 3000 md. DIressures are normal for the depths
invoived, while drawdowns arve relatively small. The
Kione sands are nuder partial warer drive, and recovery
factors are good in mwost cases.

Kione gas is produced from both structural and
structural-stratigraphic traps. Those areas in which the
Kione has been exposed to evosion canvot be discounted
in explorittion. The Scholr Raueh field produces from
sand directly below the Capay Shale which unconform-
ably overlies the Kione. Compton Landing and Prince-
ton IPields produce from Kione sands which are rrmucated
updip by sediments filling the “Princeton Govge.”
Generally, Kione gas is 800 B.T.U...or better. The
BT.C. vaiues shown an Figure o seem to follow no set
patiern, They certainly do not support the idea that the
methane content of Sacramento Valley gas is inversely
proporiional to the proximity to basemeut. i

Saliniries of formarion waters are also erratic. None
are as high as normal present-duy sea warter, although
those of the Afton and Wild Goose fields approach it It
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FIG. 5. Subsuriace distribution map showing limits of overlying formations.
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is of interest to note that salinities in the Kione near the
“Princeton Gorge” are low, suggesting _conta.minatl.on
from the “Gorge” sediments and giving rise to some in.
teresting speculation regarding the origin of the gas en-
countered against the ~Gorge.”

FUTURE KIONE EXPLORATION

Shallow depths, rapid drilling, and inexpensive com-
pletions malke the Kicne an attractive objective. Although
most of the obvious siructural closures have been explor-
ed for Kione gas, the increasing amount of data becom-
ing available in the Sacrameuto Valley will undoubtedly
indicate prospects for other types of accumulations, Ex-
ploration along the edges of the “I'rinceton Gorge” has
not been extensive, because no trusiworthy method of lo-
cating the “Gorge” has been developed short of drilling
through it. In those areas where drilling has been ex-
tengive in the northern porrion of Sacramento Valley,
faults are found to be the rule rather than the exception.
Increased drilling should delineate these faults to the
point where they can be extrapolated into areas of less
dense drilling. In addition, there are some possibilities
where the Kione is truncated around the borders of the
basin, and further possibilities of accumulations beneath
the Capay Shale in the central portion of the basin.

Although the major portion of the northern Sacra-
mento Valley is under lease at the present time with aec-
cent on Forbes exploration, increasing amounts of infor-
mation and attractive economics will encourage future
drilling in the Kione.
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. GRIMES GAS FIELD !

Franlk E. Weagant 2

Bakersfield, California

Abstract

The Grimes gas field is an example of a complex
stratigraphic and fault stratigraphie accumulation that
is pow in balance with 2 fluid-pressure environment
that is also an important parameter in the trap. The
gas occurs in sand lenses that are elongate bodies ori-
ented parallel o depositional strike. These sand bodies
oceur in the Cretaceous F-zone section and were prob-
ably deposited by turbidity curreats. The gas occurs
in 20 separate lenses that vary in depth from 35300 to
8300 feet.

Structurally the field is on a southwest dipping
homocline adjacent to the main structural syncline of
the valley. A conjugate system of faults trending
worthesterly and northwesterly form part of the trap

for many of the gas filled lenses.

The time of accumulation is not known, but if it
were early it must have been locally redistributed at
least twice, once during an early Eocene period of
folding, faulting, and uplift, and again in a Pliocene
period of orogeny.

INTRODUCTION

The Grimes gas field is one of the most sigmificant
F-zone discoveries in recent years in the northern Sac-
ramento Valley. The field was discovered by the Camer-
on Oil Company on a farmout from Franco Western
0il Company. The discovery well was the Cameron-
Franco Western No. 1 Armstrong, now called the Unit
7.2 well, At this stage of development and with only
a short productive history, it is impossible to make a
reasonable estimate of ultimate recoverable reserves,
but it is evident that Grimes will be 2 major zas field,
At this time rhere have been 4 wells drilled in the
field, four of which are dry holes. The production limits
of the field bave not yet been defined.

LOCATION

The Grimes gas field is located in the northern
Sacramento Valley, 40 miles northwest of the city of
Sacramento, California. The field lies partly on the
west side of the Sacramento River in Colusa County.
(Fig. 1) and partly on the east side of the river in
Sntrer County. Geologically the ficld lies on the cast
flank of the Sacramento Valley gas basin, immediately
adjacent to the major syncline that divided the basin
into an castern and western flank.

1. Tresented to the SanJoaquin Geological Society
May 8, 1962.

9. Division geologist, Franco Western Oil Company.
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PRODUCTION

The field has been on production ‘since January 1,
1962, and since that date has produced at a maximum
rate of 4000 MCF/D per well. Caleulated volumetric
reserves per well varies from 3.5 million MCF to 18
million MCF. The gas produced at Grimes is dry gas
with an average methane content of 98 per cent, an
average specific gravity of .56 and a heating value
range 9701015 BTU.

STRUCTURE

The Grimes field lies on the east flank of the Sac-
ramento Valley gas basin adjacent to the main north-
south syncline that forms the axis of the present struct-
ural basin. The contour map (Fig. 2) on the uaconfor-
mity at the base of the Eocene Capay formarion, shows
the structure of the Grimes field at this horizon as well
as the regional structural setting of the field. Grimes
is on a southwest dipping homocline, that has been
somewhat modified by the intusive caused Marysville
Buttes and Colusa highs to the northeast and north-
west. The strutural pattern shown on the Capay map
was created by late Miocene or early Pliocene folding.
Very little faulting accompanied these tectonic episodes
in this part of the basin.

Figure 3 shows the structure of the Grimes field
on an electric log marker within the producing part of
the F-zone section. The general structural configur-
ation is similar to that shown oun the base Cuapay map,
but the dip is steeper and a fault pattern is present that.
is absent at the base of the Capay. A profound valley
wide period of uplift, folding, and erosion occurred in
late I'aleocene or early Eocene time before the depo-
sition of the Eocene Capuy formation. The struetural
pattern shown on the Z-marker map is the sum of the
effects of that early Tertiary orogeny, the late Tertiary
folding deseribed in the paragraph above, and to minor
tectonic adjustments that occured during Cretaceous
time.

_The faults in the Grimes field probably originated
during F-zone time; most of the dispiacement, bow-
ever, occurred during the early Tertiary orogeny. The
four faults shown and numbered on Figure 3 and also
on the cross section, (Fig. 4), are production and
pressure barriers.

) Fuault 1 is the westernmost fanlt shown on the map.
1t is left lateral in displacement und divides a high
pressure block on the west irom a lower pressuti'e
block on the east.

Fault 2 that treuds northwest-sontheast is appar-
ently a down to the east fuult. This fanlf, together
with the left lateral Fault 1, creates a wedge of pro-
sluetion that is ineluded between the two faults. The
reservoirs that prodnce trom within this wedge are
at a slightly different pressure than the reservoirs
east of the wedge. Fault 3 is also a northwest-south-
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east trending fault, down to the west. It may be either
a right lateral fault or a down 1o the west normal fault.
This fault separares a lower pressure area on the east
from a ligher pressure ared on the west. These three
faults create a fault block system that consists of four
different producing blocks in the Grimes area. Pro-
ducing blocks successively decrense in pressure for
equivalent zones at equivalent depths in an easterly
direction. The highest pressure block is west of the
Fault 1, the lowest pressure block is east of Fault 3,

Fault 4 cuts two wells, the 32333 and the 52-35-+4
This fault has a northwest-southeast orientation and
is apparently a normal fault, down to the east. It is
not a pressure. or production barrier except for the
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Sanboru zone in the 32.33-3 well; the interseciion of
this fanlt with Faultl creates a small triangular fault
block pool arcund the 32-33.3 well.

Summary of the Geologic History

We can use the unconformities, fauna. and lithegic
information in the Grimes area to make the following
summary of the geologic history.

1. In G-zone time there was an easterly transgres-
sion of the G-zone seas with a developinent of a
basal transgressive sand. This transgression was
followed by the deposition of (i-zone shales in a
moderately deep witter environment. The fannal
assemblage that includes abundang radielaria in-
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Aicates there was probable free access to open oce-
an waters. Following deposition ‘of the G-zone
shales rhere was uplift and westerly tilt of the bas.
in and withdrawal of the seas from the eastern
part of the basin.

In. F-zone time there was transgression of the F-
zone seas, the sediments heing deposited by pro-
gressive onlap on the Gizone shale, East of the
Grimes area the (-zone is finally fully everlapped
by the 1-zone, and the F-zone sediments rest di-
reetly upon basement rocks. The angmlar discor-
dance that is present between the G-zone and the
Ferone is the result of the tilting of the basin
in (hzone time, is profound enough 1o indicatre
{hatt a vegression and transgression must have oc-
curred Detween the time of deposition of the G-

>
:

and time of deposition of the F. Most of the thick-
ness change that occurs across the Grimes area in
an east-west direction is actually due to onlap
rather than to true stratigraphic thinning. From
the ecology of the forminifera in the F-zone we
can say that F-zone sediments were deposited in
a2 broader and shallower basin thau the G sedi-
ments and that the vate of sedimentation was
slichtly greater than the rare of snbsidence so
that the basin gradually shallowed during F-zone
time. A discussion of the F-zone sand develop-
ment will be included under a sectivn “Strarigra-
phy of the F-zone”.

The Kione formation represcenis the shallowing of
the IMzone basin which resulted in the develop-
ment of a shallow near-shore environment and the
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deposition of the nearshore Kione sands, The
Kione sumls were probably deposited in a series
of deltas that Iay at the month of the major drain-
ages: comitg off of the Sierran land areas to the
east. These deltaic sands were further distributed
along the east side of the valley by action of
along-shore -currents atd by normal shore-linc
Processes.

4. Basiiml shallowing was accompanied by uplift a-

long the basin wmargin with the r(_:grussinn of the
sea to a position southwest ol Grimes, The basin
then 'subsided very rapidly and the Sacramento
shale sea transgressed the area, Sacramanto shales
were deposited in an environment very similar to
that of (i-zone. as xhown by faunal similariry in
the two intervals. This basin must have been a
maoderately deep water basin similar to that of
the G-zone.

5. The Winters shales were deposited under gradu-
ally shallowing conditions.

6.  The Starkey represents a very shallow sea environ-
ment with deposition of a series of regressive
transgressive beach or near-beach sands, Quly the
lowerihost recressive-transgressive cyele is pre-
sent in the Grimes area.

7. Cretaceons sediments younger than those des.
cribed in the Grimes svea were removed in the
erosional episede that preceded Capay deposirion.
Following deposition of the Upper Cretaceous se-
diments, probahly in late Paleocene time, judging
from relationship in other parts of the valley, the
haxin was uplifted, tilied soatheriy, und folded in-
tn a broad syucline with a nortlhesouth trending
axis. The area was peneplaned and then suhsided
to allow Eocene transgression awd deposition of
the Capay, Donwengine, it vounger Eocene se-
diments. These sediments were deposited in 2 se-
ries of transgressions and rearessions in a broad
and relatively shallow Eocene sea.

0.  The area was again uplifted, folded, beveled, and
non-marive samds awml shales of the Tehama for-
mation were deposiied nuconformably npon the
Focene seditnenis. This tectonie episode occurred
in early Pliocene time. At about the same time the
intrusive plugs at Mavysviile and Colusa were im-
placed. .

10. In Pleistocene time the northern Sacramento Val-
ley was affected by a moderate tectonie episode
This period of folding had little or no effeet upon
the Grimes area structure.

F-ZONE STRATIGRAPHY

The IM-zone sediments in the Grimes avea werp e
posited in a moderiately deep water environment too far
from the shore ro be affeered by shore line winnowing
processes, ar least thronghour mesr of Fzone tinte.
These sediments consist of interbedided dark grey clay-
stones and siltstones, and grey, fine grained friable
lenticular sands. The relative percentages of sand and
zhale, as well as the range in thickness of the sands can
be seen in the eross section, (Fig. 4). The F-zone basin
Jdid become progressively shallower with time and the
E-zone Kione sunds as well as some of the uppermost
T-zone sands, are the near shore xands associated with
that shallowing,
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The total isopach map of the F-zone, (Fig. 5)
shows the general configuration of the F-zone basin in
the Grimes arca. As the Kione formation is genetically,
closely related to the Fozone, the -isopach map In-
cludes Loth formations. Continuous westerly thicken-
ing of some 13500 feet ocenrs across the Grimes ficld.
Most of this thickening, (Fig. 4) is dne to easterly on-
Iap of the Izone sediments on the G-zone shales, rather
than to stratizraphie thinning, although both occur.
One faunlt that apparently was growing during F-zone
tinte is shown on the isopach map. West of this fanit
is a pronounced thin in the West Grimes area, how-
ever, the thinning shown.involves only the lowermost
part of the F-zone seetion. Isopach maps of portions of
the T-zone section (not included with this paper)
show somewhat different confignrations than the iso-
pach map of the total 1zone section. This is due to
the onlapping nature of the I-zone on the G-zone and
to the presence of two local unconformities in the sec-
tion, one near the base of the F-zone, and one near the
top of the F-zone,

The T-zone sands were deposited in a moderately
dleep water euvironment, too far offshore to be affect-
od by shore line winuowing processes, and are the re-
snlt of offshore businal eurrents of some sort, probhably
turbidity currenrs. Widely differing interpretations of
gross sund distributional patterns exist at the present
time, Torhaps some light ean be shed on this problem
by considering the geometry of some of the producing
sand hadies in the Grimes area. In zenersl, the indi-
vidual sad bodies that ean be eorrclated have an
elongate elliptical shape (Fig. 6) with the long axis of
the sawld body parallel (Fig. T) to depositional strike.
The size of individual sand lenses varies from 2 to 3
miles wide and & or more niiles lang to lenses that are
present in only one or two wells. It scems probable
that the majoriry of gross sand buildups have the
same orientation as individnal lenses, that is, parallel
or sub-parallel to depositional strike.

PRODUCING ZONES

So many producing zones are present in the Grimes
field ir is finpracrical in a paper ot this nature to show
them all. A voral of 20 zones in all fault blocks are
recognized ar present and they vary in depth rfrom
3300 to 3500 feer, Dircel and sidewall =amples show all
sands to be fine grained and to vary in shaliness from
very dirty 1o well sorted and clean. Ridewall sample
analyses give porosities ranging from 23 to 30 percent
and perwcabilities ranging from 13 to 70 millidarcies.
Thickness of indivilual producing veservoirs varies
from a minimum of § feet to a maximum of 60 feet.

The accompanying sand distribution map. (Fig. 8)
shows the configuration of some of the producing sands
of the Grimes field. Figure 7 shows net sand isopachs
gas-water interfaces, and superposition of the isopachs
of the Avrtstrong zone on 500 foor Zamarker contours.
I the saud bodies shown in Fignre 6. acemnularion is
wholly conrrolled by steasigraphie vaviation. that is
the gis is within a sand lense thar shales out in all di-
vections. In the Armstrong zone, however, Fault 1. in
conjuterion with sand shalcout creares the trap. The
Armstrong zone is wet west of Fault 1 at elevarions
that are producrtive cast of Fault 1. In addirion, the



The stratigraphy of the Grimes area is covered by a table

STRATIGRAPHY

and a discussion of the F-zone stratigraphy.

Rock Units Present in

tla Grimas Area

of rock units, a summary of the geologic history,

The following table summarizes the lithology of the rock units present in the Grimes area:

THICKNESS

GEOLOGIC AGE FORMATION LITHOLOGY

Pliocene to Recent Tehama 1500-2000° " Interbedded sequence of
continental sands, conglo-
merates and shales. Sands
comprise about 80% of
section.

Unconformity

Eocene Undifferentiated 1000/ Conglomeratie, poorly sort-
but includes Domen- ed sands, and thin inter-
gine equivalent. bedded grey shales.

Eocene Capay 250 Light grey, glauconitic shale
with 2 glauconitic gritstone
at the base.

Unconformity

Upper Cretaceous Starkey 0-200 Fine to medium grained
D-1 Zone sand.

Upper Cretaceous ‘Winters 250-300° Grey siltstones and silty
D-2 Zone shales.,

Upper Cretaceous Sacramento 200° Dark grey siltstone and
E-Zone Shale shale.

Upper Cretaceous Kione 900-1000° Grey, fine to medium grain-
E'-Zone ed sands, interbedded with

grey silistones.
Upper Cretaceous Forbes 3000-5500° Dark grey siltstones and
T-Zone (F-1 and claystones with interbed-
F-2 Zones) ded fine grained, frizble,
leaticular sands.
Unconformity

Upper Cretaccous
G-Zone

Dobbins and
Guinda

Grey soft shales and silt-
stones and a basal sand
and conglomeraie.

Basement

Granite and other more
basic igenous rockes.
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intersection of Fault 1 and Fault 2 provides a small
trap around the 7-2 well.

The trapping mechanism illustrated by Tigures
¢ and 7 is respousible for the accumulation in all
other producing zones of the Grimes field. Grimes is
an example of a primary stratigraphic trap modified
by faulting, In many of the reservoits the faunlrs shown
formn an important part of the trap, in other reser-
voirs individual sand geometry forms the complete
trap.

FLUID-PRESSURE RELATIONSHIPS

In an indirect way the faults may be more impor-
tant to the total accumnlation that an analysis of in-
dividual sands would indicate. The faults shown in the
Grimes field divide the area into separate 'pressure
and producing blocks. As wmentioned above under
s3tructure”, the producing blocks successively decrease
in pressure in an easterly direction. Within each block
pressures increase rapidly above normal hydrostatic
starting at a depth of about 3500 feet. The presure gra-
dient increases in a series of jnmps across shale inter-
vals, rather than as smooth curve. The presure vari-
ation is from 2500 pounds at 5500 feet in the central
fault block, to 6GOO pounds at 8300 feet in the western-
most fault block.

Tressure studies show that within each fault block,
gas phase continuity in some reservoirs exists over a
considerable vertical height of 500 feet or more, and
that in certain reservoirs gas phase continuity may
exist between lenses that are separated by a 100 feet or
more of shale. Gas column heights of 500 fect create

entry pressutcs higher that F-zone shales and siltstones
can hold under hydrostatic conditions,

The anomalous pressure relationships and the high
gas columns suggest that the fluid pressure environ-
ment of the Grimes area is also an important factor in
the accumulation.
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TIME OF ACCUMULATION

The primary stratigraphic nature of muny of the
Grimes field reservoirs sugeests that accurulation in
those reservoirs occurred very carly, probably in I-
zone time. However, the intimate relationship of some
of the reservoirs to the fault pattern which was not
fully developed until Paleocene or early Kocene time,
indicates that the accumulation in those reservoirs
vither ocenrred post fanlting or readjusted to the
faulting. Finally, the intimate relationship of produe-
tion to the present fault-pressure pattern of the area,
with gas column heights that seun to exceed hydrosta-
tie flnid environment capabilities. indicaies the acenn-
ulation is controlled and is in balance with the present
fluid-pressnre environment. This fluid-pressure environ-
ment probably originated with the Pliocene folding and
creation of an outerop pattern that is essentially what
it.is toslay. Therefore althouglt accumulation may have
begun in TF-zone time, the accumulation as it now ex-
ists went through at least two profound periods of ad-
justment and reaccumulation. Tt is possible, of course,
thar the field is entirely a late piiase aceumlartion or

reaccumulation conneccied with the present fluid-pres-
sure environment.

CONCLUSIONS

1. The Grimes field is a complex of srratigraphic,
and fault-stratigraphic lenticular traps on a south.
westerly dipping homocline.

2.  The accumulation may have started in TF-zome
time, but it has gone through at least two major
periods of adjustment and reaccumulation. At
present the fluid-pressure ¢nvironment is one of
the imporrant trapping parameters.

3. The productive limits of the field have not yet
been established, From the number of F-zone
fields in the Grimes vicinity and from the rela-
tive small number of dry holes it seems likely that
the Grimes field and some of the other nearby
fields will merge into one large continucusly pro-
duetive area.



DISTRIBUTION OF UPPER MICOINZ SANDS AND THEIR RELATION TO

PRODUCTION IN THE

NORTH MIDWAY AREA,

MIDWAY SUNSET FiElD, CALIFORNIA 1

: David C, Callaway 2
Bakersfield, California

ABSTRACT

Upper Miocene sands in the North Midway area
are members of the Reef Ridge (Delmontian) and An-
telope (Mohnian) formations. Paleontological con-
trol is hampered in the Reef Ridge by a complete lack
of a diagnostic faunal assemblage. The Antelope has
diagnostic fiunas but extreme sandiness in the upper
part of the formation has resulted in poor definition
of the top of the Antelope.

The excellent electric log correlations in the area
aid in defining the many sands within the Antelope.

The Williams and Republic Sand members of the
Lower Antelope ave deltaic deposits. The next young-
er Antelope member is the Spellacy Sand, u_:'dump”
type deposit, A group of channel sunds, the3n3", O
loff, Sub-Lakeview, and Lakeview members, are found
in the Upper Antclope.

. Reef Ridge members include the P’otter channel

sand aud the ~33-B” and “42-9” bar sand deposits.

In every case, assmning the rapid formation and
migration of oil, production is related to structural
Ligh areas developed shortly after the deposition of
the various sands. Structural closure, truncation,
pinchout, and tar scal and/or surface cemnentation are
the trap types found.

Introduciicn

On the southwest edge of the San Joaquin Valley
of California, snuggled against the Temblors and sur-
rounding the towns of Taft, Maricopa and PFellows, is
one of the largest oil fields in the state. The Midway
Sunset Field, discovered in 1901, has produced over
853 million barrels of oil. Of this, close 10 7% is
from Upper Mioceue sediments, to date the oldest pro-
ducing sediments in the field. The total production
for this field is almost one seventh of the entice pro-
duction of the San Joaguin Valley.

Straigraphy

The youngesi sediments beneath the Recent al-
luviem dre Pleistocene Tulare sands, silts, clays, and
conglomerates of continental origin which lie uncon-
formably on all formations from DIleistocene age
(Fig. 1) to Upper Mioceue age. Beneath this uncon-
formity are the I'leistocene-l'liocene San Joaquin for-
mation azud I’liccene Erchegoin formation consisting

1. Presented to the San Joaquin Geological Society, May
18, 1959,
. 2. Geologist Great Basin Petroleurn Company.

of marine clays and sands. An unconformity exists
between the Etchegoin and Pliocene-Miocene Reef
Ridge formation.

The Reef Ridge — was first defined by Barbat and
Johnson in 1934 aud later modified by Seigfus in 1929.
Today, in the type area, the Reef Ridge is restricted
to the gray and greenish gray, soft, silty claysione
and crumbly shale whose age at the top is Plioceng,
and at the bottom grades into the McLure brown shale
of Upper Miocene age. The type Reef Ridge has a
good diagnostie faunal assemblage, but in the Midway
Sunset area it contains only nondiagnostic radiolaria
and sponge spicules. R. 8. Beck believes the type
Reef Ridge 1o be a time equivalent but different facies
than that in the Midway Sunset ficld.

The Reef Ridge shale is impossible to differcn-
tiate from the Upper Miocene Antelope formartion on
the basis of lithology. Both shales are brown, both are
locally diatomaceons. With no fauna to aid in iden-
tifying the Reef Ridge, the contact is more or less
guessed at.
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FIG. 1. Stratigraphic column of north AMidway Sunset Flel:
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The top of the Antelope formation iz usually de-
termined by the first occurrence of Bolivine veughant
Natland, but where the top of the Antelope is quite
sandy and not an environment to which foramsy were
well adapted, their first occurrence has heen as much
as 4000 feet low to the true top. In the Midway Syn-
cline areca, a litholegic break can be identified from
clectric logs. This break is approximately 100 feet
above the highest occurrence of Boliving vaughuni.
Electrically tbe shale above the break reacts on the
S. P. curve with a flat response typical of shales. Be-
low the break the S. P. curve exhibits kicks of eyelic
nature of from 10 to 30 millivoits. I have picked this
break (Fig. 2) as the Reef Ridge—Antelope contact.
In the Reef Ridge the resistivity curve can be utilized
for correlation, while in the Antelope the 8. P. kicks
are very casy to correlate. From these correlations it
is evident, especially on the United Anticline, that
thre is an unconformity at the base of the Reef Ridge.
The Antelope here has quite an angular discordance
with the Reef Ridge.

Within the Reef Ridge are three sand members,
the Potter, the “33-B”, and the “4:-9” sands. The Pot-
ter is considered to be Pliocene-Miocene in age, while
th “33-B” and “42-9” sands are Upper Miocene only.
The Antelope Formation is referred to as being
a brown shale, but is in reality a siltstone for the most
part, sometimes sandy, somectiimes diatomaceous,
sometimes siliceous. The maximum thickness of the
Antelope forwmation is greater than 7500 feet. As men-
tioned before the Antetope has, in its siltstone section,
a pscudo-porosity which registers on the S. P. curve
of E-logs.. These kicks are very regular and easily
correlatable throughout the area. They reflect minut-
ely different, depositionally coatrolled, lirhologic char-
acties. Correlation lines between these kicks are in
essence time lites, This is substantiated by their
paralleling a bentonite bed in the lower Auntelope
(Fig. 2) referred to Lerein as the “X” marker. The
8. P. correlations in the Upper Antelope aid in easy
identification and differentiation of the closely related
sunds found there. These sauds lie Letween marker
silt beds and o not veplace the siltstone 1o any zreat
degree. This is probably due to the rapid deposition of
the sands as compared to the slower Jdeposition of the
silts which are found to drape over the sands.

The Lakeview, Sublakeview, and Orloff sands are
members of the Antelope whiclk are found to occur on-
1y in the subsurfuce east of «he area of this paper
As noted on Figure No. 1 they are in the upper por-
tion of the Antelope but are overlain by Pliocene sedi-
ments because of their high structural position. Frow
cast to west these sauuls are respectively older. The
wmost westerly saml of this group iz the =333" sand
which because of its low structural position is over-
lain Ly Reef Ridge. .

The Spellacy sand is locally known as Marvic and
Monarch in parr. An artempr to correlate anything
but the top and the base of the Speilacy sand meets
with considerable frustation. The silty intervals with-
in the sand do not adape as well 1o correlation as they
do above and helow.

The lowermost Antelope sand members are tihe



Republic and Williams sands. The Republic sand is
time trausgressive while the Williams sand s stable
with relation to tiwme.

Structure and Lithology

Figure 3 is a seologic—geographic index. For the
unfamilar a review of names may be 1n order. T!IE
main features arve the Midway Sunset and Buena Vis-
ta Hills Oil Fields.

The Midway Monocline, a structural feature ex-
pressed in the Pleistocene and Dliocene sediments, ex-
temds from the Midway Syneline to the Rgpubhc Anti-
clinal trend. This rrend can be broken into the Re-
public Anticline, the Willmax Anticline and the Gen-
eral American Anticline. South of this trend another
line of foliling contains the Bee, Westates and the
Williams Anticlines. To the north lie the Globe, Old
Belgian and United Anticlines.

Figure 4 is a structure map of the Lower Ante-
lope. The contours are on the “delta” marker. All
of the Antelope structures are reflected in the younger

sediments except two which are to the north of the Re-

public anticlinal trend, quite deep in comparison, and
have only Williams sand for an objective,

Generally Lower Anrtelope structures are quite as-
symetrical with the steep flank on the north. In the
sG” Pool area of the Republic Anticline the fold is
overturned and is almost directly above the Willmax
Anticline. :

Faulting is not too common in the area. One and
possibly two faults cut the Bee Anticline, three faults
cut the Republic Anticline and three cut the Westates
Anticline. All the faults are vertical normals and are
roughly perpendicular to structural axis. One small
reverse faunlt of 40 feet magnitude has been fouud be-
tween the Oceanic Oil Company “CWOD” XNo, 2-6, and
its redrill in Section G, T. 32 8., R. 23 E, on the north
flank of the Republic Anticline. It is suspected that
this fault increases in magnitude with depth and paral-
lels the axis of the anticline. Some faulting is found
on the Globe and Old Belgian Anticlines, but the faulws
are more evident in the younger beds.

The Williums Sund outcrops in Sections 28, 33, 34
and 35, T. 32 8., R. 23 E., as a locaily confined body of
lensing sand beds. The areal distribution (Fig. 5) of
this sand shows a fan shape which streams off to the
northwest. In the outerop area the Williams is quartz-
ose, fine grained to pebbly congiomeratic, but mainly
fine to coarse with local occasional beds of subround-
ed quartz and shale pebbles. Siltstone streaks are
rare. As the distance from the outcrep increases the
grain size decreases. Well cores in the area of the
Midway Syncline find the sand to be silty to fine
grained with occasional medium grains, Silt streaks
are abundant. Turther from the outcrop the sand silts
out completely.

The Republic Sand outcrops in Secrions 12 and 13,
T. 32 8, R. 22 E, and Section 1§, T. 32 S, R. 23 E.
Although slightly younger than the Williams Sand it
is an exact duplicarte lithologically. Isopachs and areal
distribution (Fig. 5) show a picrure very similar to
that of the Williams sand. Both sands are deltaic de-
posits but with one main difference which is a result
of the history of their development. The Williams

sand was deposited in the Miocene sea as a deltaic de-
posit. Offshore currents redistributed the deeper gand
along the beach to the west and to the east. At this
time uplift to the southeast offset the river mouth o0
the west where Republic sands were then deposited.
A slightly different condition set in. While the Repub-
lic sands were being deposited uplift to the southeast
continued, but even though this uplift continued, the
river mouth remained in the same place and the sands
became displaced more and more to the west until at
last the river mouth was again shifted. In effect the
instigation of the rapid uplifting of the grapitic mass
to the southeuast and the rate of its continued growth
cavsed the Williams Sand 1o be deposited as time
static and the Republic Sand to be deposited as time
transgressive. Figure 6, a diagrammatic longitudinal
section from the west end of the Republic Anticline 10
the east end of the General American Antieline indi-
cates the time static nature of the Williams sand and
clearly shows the Republic sand becomming younger 1o
the west in relation to time equivalent electric log
warkers, These E-log markers are 8. 1'. “kicks” wiich
can be idenrified in almost all the wells that penetrate
the Antelope in this area, In fact these markers can

* be identified in a long narrow belt from the McDonald

Anticline to the San Emigdio Nose, some 53 miles.
Along a line from the north end of the Bee Anticline,
down the axis to the southeast, approximately one
and one half wiles, the Republic Sand drops in strad-
graphie interval 323 feet. On the axis of the Republic
Antieline the sand gains 425 feet of stratigraphic ad-
vantage in just two wmiles from sontheast to northwest.
Because of the rapid climb in time of the Republic
Sand it is possible in sowme cases to locate downstruc-
ture to gain a higher sand position for a well.

The Spellucy is a series of lensing, lenticular, and
discontinuous (Fig. 7) bodies of sard. Lithologically
the Spellacy ranges from fine srained to boulder con-
slomeratic. It is arkosic, kaolinitic, biotitic and has
beds of angular to round quartz, feldspar, chert zrits
and pebbles. Massive granitic boulders are common
and silt beds are rare near the outerop. Further from
the outcrop this relation reverses, the boulders becom-
ing rare and siltiness increasing,

The Spellacy is equivalent to Siinonson and Kreug-
er’s Santa Margarita of the Crocker Landslide Area.
T_he source of the sand is from an uplifted granitic
high area immediarely southwest of the San Andreas
Fault. Isopachs (Fig. 8) indicate the Spellacy to be
confined to the southwest of the Buena Vista Hills,
the pinchout of the sand robably oceurring low on
the flank of Buena Vista. The areal distribution and
lithologic cliaracter of the Spellacy suggests a ~dumyp”
Type of deposit filling the low area between the San
Andreas granitic high and the growing submarine high
of Buena Vista Hills. 7

g

"dds”" Nand— The 355" sand lies in the saddle be-
tween Glohbe, Old Belgian, and United Anticlines and
is found only in the subsurface, A tongue of this sand
extends up the Midway Monocline and is found in ouly
one well there, the C.W.0.D. No. 39, in Section 23. T.
31 8, R. 22 E. The “555” sand pinches out to the west.
south, and east, (Fig. 9) and is also trunearted by the
Reef Ridge. i
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FIG. 5. Aerial distribution and Isopachs of Republic and
Williams Sands.

on the nose of the United Anticline. Lithologically the
sand is fine to very coarst srained, pebbly, c-obbly,_
kaolinitic, and ili sorted. This lithology is typical of
the associated sands 10 the east, as the Lakeview, etc.,
In light of areal Jistribution and lithology the classifl-
cation of channel sand is surgested. The source -
terial for these channel sands is probably frow spel-
lacy to the southwest.

w33.B7 and +j2-97 Sunds are two closely related Reef
Ridge wands. The ~33-137, the most westerly saud,
forms a single lobe which pinches out ou the flank of
the Midway Monocline. A maximum of 30 feet of sand
has been penetvated. Interfingering with the =3B is
the “42.9" Sand which also pinches out on the flank of
the Midway Monocline but has a duuble lobed charac-
toristic eaused by a small erosionat guily in the north-
west corner of Section 15, T. 32 8., R 25 E. The ulip
pinchout of the casterly lobe has not been defined as
vet. The maximun thickuess of this sand is 100 feet.
Lithologically these two sands ave both { ine 1o wedium
grained and well sorted. The areal distribution and
lithology of Loth sands suggests thetn to be bar sand
deposits.

5 =
WILLIAMS

The Potter Sund, the youngest of the Recf Ridge
Sands, outcrops (g, 7) high on the Midway Mono-
¢line. The outcrop thins to southeast and is covered
by alluviwm to the north, In. the subsurface to the
north and ecast the sund pinches our, except on Old
Belgian Anticline where crosion has removed it irom
1he crest of the structure. At the outerop tie Potter
lics unconformably upon the Spellacy Sand, cvery
where else it lies on Antelope Shale.  Overlying the
Potter are sediments of Pliocene and Pleistocene age
The contours in LFigure 10, on the top of the Potte
sand, are in reality contonrs on the unconforuity be
tween the Potter and the Ltchegoin and do not repre
sent a true picture of l'otter structure. Near the npdif
pinchout of the T'otter, on the Midway Monocline, th
true (ip approaches 43 degrees. Off structure in th
Midway Syncline, the dips are more gentle and af
proximate those shown by the contours. Isopach
ghow (Fig. 10) that the thickest portion of the san
runs north-south along the east edge of R. 22 E. B
fore crosion the thickest part of the 'otter was proi
ably much further west. Thinning of the Dotter 1
the eust is due to shaling out while thinning to tk
woest is the resuit of erosion. Lithologically the Do
ter in the outerop area is a conglomeéraric sand; a sil:
to very coarse-grained matrix with grits and pebbles .
shale, quartz, and graunite, and granitic boulders. =
the morth the Potter rapidly becomes less coarse .
the distance from the outcrop increases. The arc
distribution and lithologic characteristies of this sai
suggest it to be a channel sand, .

History of Structural Development

During Antelope time the Miocene sea covered t
entire valley area. A strong high existed immediatc
south of the San Anceeas Fault which parallels :
Midway-Sunset to the southwest. The Williams rit
{Tig. 11) ran off this high and deposited the Willia
deltaic sediments into the sea until uplift to the sou
eust diverted the mouth of the river to the west 1o
Republic area. Deltaic deposition was then resur
while uplift continued causing the Republic Sand

West Eost
REPUBLIC ANTICLINE , : Gr;:N‘l. AMERICAN iI-\NTlCLINE |
] 4 | I|BII
| | |
| “A“ -
: I"L! | l m Sh " : | |
.cﬁh.;.-.;.-_.ii, ! i : _'—'—v———___ ! | | I
= e R B e | i
Republic Sd. g 1 \:
==

Williams §d, =" 5

DIAGRAMMATIC _LONGITUDINAL SECTION

FIG. 6. Diagrammatic section shows relation of Republic to the Williams Sand.
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FIG. 10. Potter Sand structure and Isopachs.
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F1G.11. Paleogeographic map of Lower Antelope Time,

position to migrate more and nore to the west, in ef-
fet transgressing time to the west, until the river chan-
nel was-again diverted to the west and out of this arca.
At this rime Buena Vista Hills began to grow Jdue to
compression from the north and south ; the gentle sub-
marine growth at Elk Hills and increased uplift south
of the San Andreas area.
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UPPER ANTELOPE TIME

FIG. 12. Paleographic map of Upper Antelope Time.

The granitic muss south of San Apndreas was rap-
idly eroded and the Spellacy sediments were dumped
into the hole between DBuena Vistw Hills and the San
Andreas high. Continued compression from the north
and south caused a buckling of the sediments in the
Temblor-Republic area and increased the growth of
Buena Vista Hills. At this point the Temblors emerg-
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FIG. 13 Aerial distribution of Miocene Productive Sands.
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ed from the sea and streams eroded the Spellacy sedi-
ments and redeposited them as channel sands ( 1"1.}:. 1)
betwuen the Antelope underwater highs (#5557, * Lake-
view, ete.”) Uplift increased art a_rapid rate to the
west behind Delgian Auticline causing the spellacy to
again contribute to a large stream whiclh poured into
tbe low area between the Republie trend aud around
the nose of Baena Vista where the sediments were ve-
deposited as the Porter Sand.

As uplift coutinued the Totter soon becane sub-
jeet to erosion. After l'otter deposition the Buena
Vista Hills began to subside allowing I'liccene and
Pleistocene sediments to cover them completely to a
thickness almost as great as found there today. Com-
pression then recommenced from the north nn‘tl south
reraised Buena Vista, tightening the XRepublie
folds aud creating between them a new structure, the
Globe Anticline. Nonmarine Tulare sediments were

deposited last of all completing the sequence.

Produciion

Potter Sand: The area of 1'otter Sand production
(Fig. 13) forms a horseshoe around 0Old Belgian Anti-
cline. Erosion bas removed the sund frow the crest
- of the structure, and the sand pinches out to the west.
Both truncation and pinchout wvap 16.5° oil on this
fold. On Globe Anticline and the Midway Monocline
three factors: truncation, pinchout, and tar seal and/or
cementation by surface waters (in the area of the out-
crop) create the traps for production. The gravities
range from 11.3° to 16°. .

#555” Sand: On the nose of the United Anticline
truncation and pinchout trap production in the *553”
Sand. This pool Las a sizeable gas cap and the oil
gravities range from 23° to 30°. )

Bear Sands: 1'inchouts are the trapping mechan-
isms for these two sands. The northwesterly pool is the
area of “33-B” Sand production. This sand is sub-
commercial due to the extreme thin amd tight nature
of the sand. To the southeast the “42-0” Sand pro-
duces 20° gravity oil.

Spellacy Sand: On the west edge of the production
on Globe Anticline pinchout traps 13° oil in the Marvic
Pool. Pinchout is also the trapping agent for the two
small pools immediately north of the axis of the Re-
public Anticline. Various combinations of truncation,
pinchout and structural closure result in the trapping
of 10° to 16° oil on the rest of the Republic and Gen-
eral American Anticlinal trend.

Reprblic and Williains Sands: For these sands
the majority of the traps are siruectural closure with a
minor contribution due to pinchoutr. Faulting probab-
ly has a negligible influence on the frapping of oil.
Oil gravities range fromn 16° to 24°. Some gas is pro-
duced with the oil and the water tables all have some
tilt. The Westates Anticline has a very steeply rilted
water table in the area of production and oil has been
completely flushed from a closure ou the easterly end
of the Westares fold.

Structure vs. Production: Assuming the rapid for-
mation and migration of oil we find thar the ecarly
development of the Republic Anticlinal trend resulted
in the localization of oil from the early Upper Miocene
horizons i. e. Republic, Williams and Spellacy sands.

Folding of the (ilobe Anticline was evidently too late
to catch any of thix oil except for a very small amount
as found in the Marvie Pool, even though o large Spel-
Taey trap was available, Globe wuas uot formed tos
lute for the Potter Sand traps to be [illed to a great
degree yet late enough so that some 'otter vil reached
the Midway Monociine.
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