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PRELIMINARY REPORT ON THE GEOLOGY AND OIL
RESOURCES OF THE COALINGA DISTRICT,
FRESNO AND KINGS COUNTIES, CALL.

By Ravrpa Arvorp and ROBERT ANDERSON.

INTRODUCTION.

General features of the district.—The Coalinga district is a strip of
land about 50 miles in length by 15 miles in width lying along the
northeastern base of the Diablo Range in western Fresno and Kings
counties, Cal. The region is accessible by rail from the main lines of
both the Southern Pacific and the Atchison, Topeka and Santa Fe
railroads by a branch line running westward from Goshen to the town
of Coalinga. The proved productive territory includes a band 13
miles long by 3 miles wide, lying at the northern end, and a narrow
strip along the southwestern boundary. The oil originated in the
organic Tejon (Eocene) shales and is accumulated in interbedded
sands of the same formation and also in sands of the Vaqueros (lower
Miocene), Santa Margarita (upper middle Miocene), and Jacalitos
(upper Miocene) formations, the Vaqueros being the principal pro-
ducer. The wells range in depth from 600 to over 3,300 feet, and
penetrate from 20 to more than 200 feet of productive sands. The
product varies from a black oil of 14° or 15° Baumé to a greenish oil
" of 35° Baumé or better. The yields range from 3 or 4 barrels a day
for individual wells in the Oil City field to as much as 3,000 barrels a
day for the deeper holes in the Eastside field. The total production
of the district in 1906 was 7,991,039 barrels; in 1907 it was 8,871,723
barrels, and in 1908 it will probably exceed 12,000,000 barrels.
According to the figures for 1907 the district ranks third in production
among the oﬂ—producmcr districts of the State.

Plan of the present report.—During the last half of 1901 and the first
half of 1902 George H. Eldridge, of the United States Geologlcal Sur-
vey, made more or less detailed examinations of the various California
oil districts, with the expectation’ of preparing a monograph on the

: 7



8 COALINGA OIL DISTRICT, CALIFORNIA.

- oil resources of the State. On his return from field work he wrote a
brief résumé of the results obtained, and this was published in ‘“‘Con-
tributions to Economic Geology for 1902.’¢ Later he began the
preparation of detailed reports on each field, but his lamented death
in June, 1905, cut short this work. In the fall of 1905 the senior
author of this report was instructed to complete the work begun by
Mr. Eldridge, and by the middle of 1907 detailed reports on all of the
oil districts in the counties bordering the coast had been made ready
for the press.

The summer and fall of 1907 were spent by the writers in making
a detailed geologic investigation of the Coalinga field proper.and of the
territory south of it as far as the Kings County-Kern County line near
Dudley. In order to make the results of this investigation available
as soon as possible, it has been deemed expedient to prepare the fol-
lowing preliminary report. This will be followed later by a bulletin
containing more detailed descriptions of the conditions, more com-
plete maps, sections, and other illustrations, and chemical analyses
and calorific tests of a large number of the oils. The location of the
Coalinga district and the other oil fields of southern California are
shown in fig. 1.

For the benefit of those using this and other geologic reports on the
California oil fields, it must be stated that these publications are
intended to be as thoroughly scientific discussions as possible, and
that they assume on the part of the reader a general knowledge of
the fundamental facts and conceptions on Whlch any searching study
of the composition, mineral deposits, and history of the earth must be
based. The reports may be criticised as being too technical and as
not easﬂy comprehensible by the ordinary reader, but the treatment
adopted is the only one possible, because the thorough discussion of

- the subject involves a certain amount of technical knowledge and
the use of exact terms. Explanatory discussions have been inserted

- wherever it seemed possible to do so without making the reports too
bulky or diminishing their scientific value. For explanations of the

- principles of geology or the meaning of terms the reader is referred to.

any one of the numerous text-books of geology.° '

a Eldridge, G. H., The petroleum fields of California: Contributions to economic geology, 1902: Bull.
U. 8. Geol. Survey No. 213, 1903, pp. 306-321. (The part relating particularly to the Coalinga district is
on pages 306-308.)

b Eldridge, G. H., and Arnold, Ra]ph The Santa Clara Valley, Puente Hills, and Los Angeles 011 dis-
tricts, southern Callforma Bull. U. 8. Geol. Survey No. 309, 1907. )

Arnold, Ralph, and Anderson, Robert, Preliminary report on the Santa Maria ¢! district, Santa
Barbara County, Cal.: Bull. U. 8. Geol. Survey No. 317, 1907.

Arnold, Ralph, Geology and oil resources of the Summerland district, Santa Barbara County, Cal.:

" Bull: U. S. Geol. Survey No. 321, 1907.

Arnold, Ralph, and Anderson, Robert, Geology and. oil resources of the Santa Maria oil district,
Santa Barbara County, Cal.: Bull. U. S. Geol. Survey No. 322, 1908.

‘e Any of the following, besides various others, will be found useful: Dana, Text-book of Geology;
Le Conte, Elements of Geology, Chamberlin and ‘Salisbury, Geology (3 parts); Geikie, Text-book of
Geology.
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Acknowledgments.—The writers wish to acknowledge their indebt-
edness to the late George H. Eldridge for notes collected by him dur-
ing his examination of the field. Acknowledgment is also due to
other previous workers in the field, among whom are W. L. Watts,
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F16. 1.—Index map of a part of southern California, showing location of the Coalinga ofl field
and of the other productive oil fields of the State.

The value and accuracy of a report like the present one, including
as it does a discussion of the geology of developed territory, depends
largely upon the amount and accuracy of the well data available for

~use in its preparation. Certain facts may be gleaned from a critical
examination of the surface outcrops in any field, and many helpful
conclusions may be deduced from a study of the facts thus obtained.
A comparison of the conditions met with in a given territory with those
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in other better known fields may also be of great assistance, but for
furnishing specific information regarding the occurrence of the oil in
any particular area there is just one instrument, and that is the drill.

From the drilling of wells in the Coalinga field during the last ten
years a large body of useful data concerning the underground condi-
tions has beén accumulated, and whatever accuracy and value there
is in the underground map and in the statements concerning the
- geology of the wells in this report is due almost entirely to the gen-
erosity of the operators in this field in supplying the information.
The writers therefore wish to acknowledge their indebtedness to the
officers, managers, and other operators of the different oil companies
for their hearty cooperation and support. Thanks are due more par-
ticularly to Messrs. Jas. H. Pierce, W. W. Orcutt, S. A. Guiberson, jr.,
R. W. Dallas, A. and H. Kreyenhagen, A. M. Anderson, H. G. Ander-
son, J. M. Atwell, Charles Babtie, Gordon M. Baker, R. C. Baker,
Balfour Guthrie & Co., Orlando Barton, H. J. Bender, Scott Blair,
S. R. Bowen, F. S. Brack, H. H. Brix, C. A. Carifield, Frank Cleary,
H. R. Crozier, F. P. Dagany, P. B. Daubenspeck, D. M. De Long,
J. F. Ecbert, Andrew Ferguson, A. D. Ferguson, W. S. Fisher, A. D.
Fram, Charles Fredeman, W: M. Graham, W. A. Gray, W. A. Greer,
L. P. Guiberson, H. D. Guthrey, S. H. Hain, H. H. Hart, H. Henshaw,
‘W. A. Hersey, Paul Huntsch, W. A. Irwin, W. H. Kerr, W. P. Kerr,
J. E. Kibele, Besley Lafever, J. L. Lennon, M. E. Lombardi, E. W.
Mason, W. G. McCutcheon, W. O. Miles, J. H. Miller, S. E. Mills, R. B.
‘Moran, T. A. O’'Donnell, P. F. Page, R. S. Peeler, Z. L. Phelps, J. H.
Raney, Charles V. Reynolds, George D. Roberts, C. N. Root, Guy H.
Salisbury, George Schwinn, Max Shaffrath, R. E. Shore, R. H. Smith,
H. F. Stranahan, R. E. Thompson, T. H. Turner, J. Waley, J. L. D.

Walp, Alex Wark, J. H. Webb, M. L. Woy, J. B. Wrenn, John M.

Wright, and many others who have contributed in one e Way or another
to the value of the report.

The writers also wish to express their gratitude to R. B. Marshall,
geographer in charge, and to E. P. Davis, topographer, for favors
rendered during the course of the field season, when the topographic
and geologic work were going on simultaneously.

Advantage of cooperation among operators.—The outlook will con-
tinue to be brlght for the development at Coalinga of one of the
greatest fields in California if each and every operator will conserve to
the utmost the wonderful supply of oil stored within the boundaries
of the district, and by wise management aid in keeping it available.
The amount of available oil in the territory covered by the under-
ground-contour map (PL II, in pocket) is estimated at 2,825,000,000
barrels. Contrary to the belief of some people, the underground
resources of the earth are not inexhaustible; when the oil in any field
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is once gone it will not be replaced for many centuries, if ever. It
may be true that the processes of oil formation and migration are con-
stantly taking place in some localities, but such processes are so
exceedingly slow, if measured in years, that for practical purposes
they may be considered as having ceased altogether. .

Fortunately the Coalinga field has had little of the serious trouble
with water that is ruining certain parts of some of the other fields of
California. This lack of trouble is probably due largely to the little
disturbed condition and uniformity of the oil formations over most
of the territory. But trouble from water is beginning to show its
effects in certain parts of the field, and, through accident or care-
_ lessness, some wells not yet abandoned are believed to be letting water

into sands that are productive in not far-distant wells. In order to
avoid the dangers incident to faulty drilling and handling of wells,
the operators should meet and exchange information about the under-
ground geology. It seems shortsighted for one operator to with-
hold from his neighbor his logs and other information about under-
ground conditions, when this very withholding may be the cause of
his neighbor’s flooding a large area through lack of proper knowledge.
"in shutting off the water. Furthermore, it is hoped that those in
legislative authority will recognize the needs of the petroleum inter-
ests in California, and, as has been done in other States, provide laws
protecting the producers from negligent, shortsighted, or criminally
careless operators.

GEOGRAPHY AND TOPOGRAPHY.

LOCATION.

The region mapped and referred to in this report as the Coalinga
district is situated in the southern part of Fresno County and the
western part of Kings County, Cal., and is bounded on the south by
the Kern County line. It forms a long strip of territory extending
from 119° 50" west longitude and 35° 47’ north latitude at its south-
east corner to 120° 37’ west longitude and 36° 20’ north latitude at
its northwest corner, along the foot of the Diablo Range. This is
the easternmost member of the Coast ranges on the border of the San
Joaquin Valley of California. The district as mapped is roughly 50
miles long and 15 miles wide and includes about 700 square miles.
It covers the foothill belt along the valley and extends back into the
high hills to the summits of the first surrounding mountain ridges, its
northwest and southwest corners reaching to the crest of the Diablo
Range.

The developed oil temtory commonly referred to as the Coahnga
field is in the northern part of the district, in the foothill region
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around Pleasant Valley, where the town of Coalinga is situated.
This is the only important settlement in the district or in a large sur-
rounding region, the country being very sparsely inhabited. A rail-
road line connects Coalinga with the main lines of the Southern Pacific

~ and the Atchison, Topeka and Santa Fe railrodads in the San Joaquin
- Valley, and wagon roads enter the district at several points from the
..~ valley on the east. Roads cross the Diablo Range from the west by

- four routes, (1) over the Benito Pass at the head of Los Gatos Creek,
(2) over the divide between Priest Valley and the head of Waltham
Creek, (3) across the range between Stone Canyon and Waltham
Creek, and (4) over Cottonwood Pass. The first enters the Coalinga
district along Los Gatos Creek, the second and third along Waltham
Creek, and the fourth through McLure Valley.

DEFINITIONS OF PLACE NAMES.

It is important that the names of the various places and features
in the Coalinga district used in this report should be clearly defined
before the topographic and geologic discussion is begun. The region
is one in which little detailed investigation has been made, and most
of the natural features are unnamed, while to many others names are -
indefinitely applied. The following definitions of names that have
been newly applied and of names whose application has been made
more definite have been submitted to the United States Geographic
Board and have been approved and made permanent by that body.
Most of these names appear on the map (Pl I).

Coalinga district.—The application of this name to the whole region
included in the map has been discussed in the preceding paragraphs.

Coalinga field—The term field has been adopted as representing a
subdivision of a district, and the name Coalinga field is used in this
report in its accepted sense as meaning the region of the developed
oil field in the northern portion of the territory mapped, round about
the valley (Pleasant Valley) in which Coalinga is situated. This
region is in turn subdivided into the Eastside, Westside, and Oil City
fields, which are well known and will be defined later (pp. 74-107).

Kreyenhagen field,—Similarly the region of the hills west of Kettle-
man Plain is referred to as the Kreyenhagen field.

Kettleman Hills field.—The possible future oil field east of the Ket-
tleman Plain will be referred to as the Kettleman Hills field.

Diablo Range.—The southern limit of the. Diablo Range has been
fixed at Antelope Valley in northwestern Kern County. Heretofore
the name has been used indefinitely for part or all of the easternmost -
members of the Coast Range extending southeastward from the Car-
quinez Straits. Antelope Valley is fixed as the southern limit of the
range because the mountains there sink into-low spurs, and the con-
tinuation of the mountain belt beyond is a markedly individual range
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that is en échelon with Avenal Ridge, between Antelope and McLure
valleys, which is the southernmost spur of the Diablo Range. The
United States Geographic Board has determined that the correct
name is Diablo Range, instead of Mount Diablo, Monte Diablo, or
Sierra del Monte Diablo.

~ Temblor Range.—Southeast of Antelope Valley a range of distinct
topographic and structural individuality forms the divide between the
San Joaquin Valley on the northeast and the basin of San Juan Creek
and the Carrizo Plain on the southwest. It extends from Cholame
Creek on the north to about latitude 35°, where it merges with the
high mountain mass around Mount Pinos called the Tejon Mountains.
To this range the name Temblor is here applied. This name, which
is Spanish for earthquake, is particularly suited to the range for two
reasons. Iirst, because the great California fault line, along which
earthquakes have repeatedly originated, follows the range from one
end to the other, being in the very heart of it throughout its northern
part. A pronounced scarp resulting from the movement in 1868 can
still be traced for much of the distance along this line. Second,’
because the well-known old Temblor ranch, west of McKittrick, is
situated on its flanks.

Joaqum Ridge.—A very prominent structura,l ridge, here named
Joaquin Ridge, runs east-southeast from the high mountains south of
San Carlos Peak to the San Joaquin Valley north of Coalinga, forming
the divide between Los Gatos Creek on the south and tributaries of
Salt Creek and Cantua Creek that run northeastward to the San
Joaquin Valley. The ridge heads at a mountain almost 5,000 feet
high, situated in the southeastern portion of T. 18 8., R. 12 E., in the
northeast corner of the area mapped, on the divide between the
tributaries of Los Gatos Creek and San Benito River. Tts summit
is serrated with picturesque rocks, one striking group of which is
locally known as the Joaquin Rocks. The oil field north of Coalinga
lies on the nose of this ridge. : '

Anticline Ridge.—Southeast of a depression in the Joaquin Ridge in
the southern part of sec. 34, T. 19 8., R. 15 E., a low broad line of
hills extends about 6 miles to the railroad line in the gap formed by
Los Gatos Creek. This ridge is formed by a perfect anticlinal nose
and is therefore referred to as Anticline Ridge.

Juniper Ridge—A corresponding and approximately parallel ridge
runs south of Los Gatos Creek from the divide between that stream
and Lewis Creek as far as the canyon of Waltham Creek (Alcalde Can-
yon). It is a high, rugged ridge separating the important Waltham
Valley depression on the southwest from the Los Gatos Creek depres-
sion on the northeast and from the low hills between Los Gatos and
Waltham creeks (Alcalde Hills) on the east. It is cut abruptly by
Waltham Creek, south of which it is continued for about 2 miles in
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the isolated ridge known as Curry Mountain. It is here called Juni-
per Ridge owing to its characteristic vegetation

Avenal Ridge.—The name Avenal Ridge is here applied to the
mountains separating Avenal Creek and McLure Valley from the Cho-
lame and Antelope valleys. It is the southernmost of the spurs of the
Diablo Range. The name, which means-a field of oats, is appropriate
because the hills forming the ridge are rounded and grass grown.

Reef Ridge.—A prominent escarpment faces the low hills that border
the Kettleman Plain, running southeastward from the southern fork
of Jacalitos Creek (Jasper Canyon) as far as Little Tar Canyon, north
of Dudley. This is formed by the promment lower Miocene fossilif-
erous strata termed the “Reef beds,” which dip at a high angle and,
owing to their resistance to erosion, rise high above the softer sand
hills on the northeast. This escarpment forms the northeastern flank
of a ridge to which the name Reef Ridge is here applied. The name is
expressive of its prominent topographic character.

Alcalde Hills—The foothills between Los Gatos and Waltham
creeks, east of Juniper Ridge, northwest of Alcalde and west of Coa-
linga are here called the Alcalde Hills.

Jacalitos Hills—The foothills between Waltham and Jacalitos
creeks are here called the Jacalitos Hills. Xacalli is an Aztec word

“adopted by the Mexicans, meaning Indian hut or wigwam, and Jaca-
litos means the little wigwams.

Kreyenhagen Hills.—The foothills southeast of Jacahtos Creek be-
tween Reef Ridge and Kettleman Plain may be named Kreyenhagen
Hills. The name is that of three families owning large tracts of land
there. They are early settlers and practically the only inhabitants,
and the region is generally known as the Kreyenhagen country or
Kreyenhagen’s. Kreyenhagen field is the name used in this report
for the oil field of the vicinity.

Pyramid Hills.—A long narrow line of hills borders the eastern side
of McLure Valley, extending from Little Tar Canyon about 3 miles
north of Dudley to the gap (Dagany Gap) where the Avenal flows out
of the valley about 4 miles south of Dudley; south of this gap they
continue into the Devils Den region. They form a ridge capped by
a succession of conical hills, which when viewed from the east appear
like isolated pyramids, and are therefore here called the Pyramid
Hills.

Tent Hills.—A somewhat similar line of hills of peculiar topographic
and geologic structure extends along the Avenal at the northeastern
foot of the high ridge (Avenal Ridge) west of McLure Valley. They
begin about 4 miles west of Dudley and run 3% miles northwest, being
separated from Avenal Ridge by a marked depression. Owing to the
resemblance of the individual hills to tents they are here called the
Tent Hills.
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Guijarral Hills—Immediately southeast of Anticline Ridge, on the
opposite side of the railroad, is a small low group of gravelly hills
referred to in the text as the Guijarral Hills. The word is Spanish
and means a heap of pebbles or a place abounding in pebbles.

Dagany Gap.—The name Dagany Gap is used for the gap at the
lower end of the McLure Valley south of Dudley. It is named from
an old settler of that region.

Avenal Gap.—The Kettleman Hills are cut at latitude 35° 50’ by a
completely graded stream channel now followed by Avenal Creek. It
will be referred to as Avenal Gap.

Polvadero Gap.—At their northern end the Kettleman Hills are
separated from the Guijarral Hills by a gap through which flow Zapato
and Canoas creeks. It is called Polvadero Gap because it is subject to
dust storms. Certain of the early land maps have it Pulvero, but
this is not correct.

Pleasant Valley.—At least a portion of the valley at the mouth of
Los Gatos Creek has been known as Pleasant Valley, the usage not
being definite. The name may well be applied to the whole basin in
which Coalinga is situated.

Waltham Valley and Creek and Alcalde Canyon.—The creek at the
mouth of which Alcalde is situated is variously known as Wartham,
Warthan, Waltham, and Alcalde. The United States Geographic
Board has decided that Waltham is the correct name. This stream
heads in a broad structural valley having no relationship in geologic
character with the canyon through which it flows lower down. The
name Waltham Valley, already in use for this upper valley, should be
restricted definitely to it and not applied to the lower canyon, which
it seems advisable to distinguish under the name Alcalde Canyon, thus
preserving a name which is already understood, as referring only to the
lower part. This name is therefore applied to the canyon extending
from the edge of Waltham Valley, where the stream cuts between
Juniper Ridge and Curry Mountain, to Pleasant Valley. The stream
itself bears the same name throucrhout

McLure Valley.—The valley in which Dudley is situated has long
been known as McLure Valley, after an early settler, now dead.
According to old inhabitants this is the original and proper name.
It is widely known also as Sunflower Valley, by reason of the abun-
dant growth within it of wild sunflowers. The United States Geo-
graphic Board has decided that the former is the correct name.

Kettleman Hills and Plain.—The United States Geographic Board
has decided that the name applied to these features should be written
with an “e” and should not be spelled Kittleman.

Various creeks and canyons.—The United States Geographic Board
has considered the various usages in regard to the names of the
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creeks in the Coalinga district, and the results of its decisions appear
on the map (PL I, in pocket).

For convenience of reference the authors have applied names to
several canyons in the district. The one which runs north and south
7 to 10 miles due north of Coalinga, and which is followed by the road
to Oil City, is named Oil Canyon. The one in the Alcalde Hills
which runs southeastward across sections 2, 11, 12, .and 13, T. 21 S,,
R. 14 E., and which throughout its course across sections 2, 11, and
12 is practlcally coincident w1th an anticline, is called Antlchne
Canyon.

The application of the name Alcalde Canyon has been shown above. -
The southern fork of Jacalitos Creek may be appropriately named
Jasper Creek from the picturesque .and brilliant colored buttes of
jasper that surround its upper portion, and the name Jasper Canyon
is therefore applied to the gorge cut by this stream across the north-
west end of Reef Ridge. The sharp canyon cut through Reef Ridge
by Zapato Creek is called Zapato Canyon, and the similar one formed
through Reef Ridge by the southern fork of Zapato Creek 2 miles
farther east may be named Sulphur Spring Canyon, from the abun-
dance of sulphur water that issues in it. The similar canyon at the
head of Canoas Creek is called Canoas Canyon. The names Big Tar
Canyon and Little Tar Canyon are in common use for the features
to which these names are applied on the map.

Laval grade—The Laval grade is a name locally known for the
road leading northeastward up a branch of Oil Canyon, starting in
that canyon on the eastern side of the NW. 1 sec. 29, and crossing
the ridge at the head of this branch canyon in the center of the NW. 1
sec. 21, T. 19 S., R. 15 E.

GENERAL TOPOGRAPHIC FEATURES,

The Coalinga district owes its broader topographic features to its
position along the border between the Coast Range and the San
Joaquin Valley. It is largely a region of foothills that rise on the
west_into the mountains and merge on the east with the wide level
plain. The foothills form several groups around the base of spurs
descending southeastward from the Diablo Range, the groups being
separated from each other by reentrant valleys that open out to the
San Joaquin Valley.

‘The Diablo Range in this latitude is a rugged mountain group
made up of various component members, some of which, owing to a
complication of structures, run at angles oblique to the main trend
of the range northwest and southeast. The crest of the range has a
general altitude varymg between 2,500 and 5,000 feet, and declines
in height from the region ny* Hwest of the Coalinga district toward
the region southwest of it, wh @ it has been assumed as coming to a
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stop and giving place on the southwest to the Temblor Range. Por-
tions of the watershed appear upon the map (PL. I) at only two
points, viz, ih the northwest corner,. which is marked by a peak
nearly 5,000 feet high that stands at the head of Joaquin Ridge; and
in the southwest corner, where the much lower Avenal Ridge, the
southernmost spur of the range, appears. In theintermediate region
the ridges that are represented on the edge of the map are in general
separated from the main divide of the range by a region of lower
relief determined by the presence of transverse structural valleys, of
which Waltham Valley is the principal example. The general topo-
graphic development is youthful, but there is evidence in certain
localities of different stages of deve]opment up to advanced youth.
A feature of the relief of the whole region is the topographic reflection
of the geologlc structure, a feature that is especially pronounced in

the foothills belt, with which this report particularly deals.

A peculiar feature of the Diablo Range is the occurrence along its
eastern flanks of many spurs running out toward the southeast, and
of reentrant valleys between these spurs. These ridges and valleys
have an orientation slightly more to the east and west than that of
~ the whole range, which trends in general about N. 36° to 40° W. and
S. 35° to 40° E. They are primarily due to structural causes and
not to erosion. The main salients of the Diablo Range that project
toward the San Joaquin Valley in the Coalinga district are Joaquin
Ridge and the Kettleman Hills, Juniper Ridge and Curry Mountain,
Reef Ridge, the high hills northwest of McLure Valley between the
drainage of Big Tar Canyon and Avenal Creek, and Avenal Ridge.
These and the valleys or depressions separa,tincr them are the topo-
graphlc expression of structural features running transverse to the
main trend of the Diablo Range and are en échelon with each-other.

Joaquin Ridge is anticlinal and exposes on its lower flanks the oil-
bearing formations, thus determining the position of the oil field north
of Coalinga. - The ridge is structurally continued by the Kettleman
Hills, which form a prominent isolated group rising over 1,000 feet
above the San Joaquin Valley. The spur formed by Joaquin Ridge
and the Kettleman Hills is separated from the rest of the district by
the synclinal and faulted depression of White and Los Gatos creeks
and the synclinal Pleasant Valley and Kettleman Plain. The two
latter form a continuous, almost level, graded plain, opening only
locally into the San Joaquin Valley through narrow gaps formed by
graded stream channels.

Juniper Ridge and Curry Mountain, southeast of the Los Gatos
Creek and Pleasant Valley depression, form a continuous structural
feature probably due to faulting on the sputhwest side. In the south-
eastern portion of this spur it present:. steep scarp on the southwest

52332—Bull. 357—08——2 - :
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bounding Waltham Valley, and on the northeast a gradual mono-
clinal slope into the Alcalde Hills. The end of Curry Mountain drops
abruptly into a depressed area of low rolling hills (the Jacalitos Hills)
that is the continuation southeastward of the Waltham Valley depres-
sion. Beyond this area a prominent salient springs up along Jacalitos
Creek and extends southeastward as a high divide between the belt
of lower relief, in which Jacalitos, Zapato, Canoas, and Big Tar creeks
head, and the foothills bordering the Kettleman Plain. This divide
is Reef Ridge, and all the streams named, as well as their forks, cut
deep gorges through it. The ridge has a general monoclinal struc-
ture, the component strata dipping steeply northeastward into the
foothills. The ridge is due, in large part at least, to the resistant
qualities of the Vaqueros and Tejon strata forming its crest. At its
southeastern extremity it gives place to the minor ridge of the Pyra-
mid Hills, which is en échelon with it.

The next important salient enters the area shown on the map at a
point south of the head of Big Tar Canyon and the Castle Mountain
fault zone. It is a high and prominent group of hills forming the
eastward continuation and the end of the precipitous ridge of Castle
Mountain. Reef Ridge and the last-mentioned hills are separated
from the next salient to the south by the wide plain of McLure
Valley and by the valley of Avenal Creek. This depression is com-
parable in structure and size with Pleasant Valley. Southwest of
McLure Valley rises Avenal Ridge, the main divide of the Diablo
Range. It is formed by an important closely folded anticline that
plunges steeply southeastward and brings the range to an end. Still
farther southwest, on the 0ppos1te flank of Avenal Ridge, extends the
large Antelope Valley, which is of the same peculiar structural type
as the valleys already mentioned.

The foothills that swing around the bases of these spurs of the
Diablo Range form a rolling surface that descends gradually to the
surrounding plains. They owe their form chiefly to three causes:
(1) The general reflection, on the surface, of the folds to which their
uplift is due; (2) erosion along lines directed down the slope toward
the valleys, at right angles to the structural lines, as a result of which
a series of lateral ridges is formed; and (3) erosion along structural
lines, particularly along bedding planes and lines of contact, as a
result of which parallel longitudinal ridges and valleys and rows of
hills are formed, and the lateral ridges deformed or dissected into
hills. The succession of longitudinal ridges and intervening sym-
metrical troughs, to which the name Canoas, meaning canoes, prob-
ably refers, is a particularly striking feature of the Jacalitos and
Kreyenhagen hills. TFurther detailed sculpturing is due to erosional
wash along small channels tributary and at right angles or oblique to
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the streams determined by these two main factors. The soft for-
mations of which the hills are largely composed lend themselves to
minute, rapid, and fairly uniform sculpturing, which gives the hills
a wrinkled appearance, especially evident when the rays of the sun,
falling obliquely, cause an intricate scattering of light and shade. A
general similarity of elevations is characteristic of the foothill areas,
which, as a rule, show comparatively slight relative relief.

The two most important streams of the district are Los Gatos and
Waltham creeks, which drain considerable areas and flow through
deep, structurally important, and, in their lower portion, nearly
graded valleys. These streams join in Pleasant Valley and pass out
to the San Joaquin Plain through a gap cut across the uplift of the
Coalinga anticline. The deep sharp canyon cut by Waltham Creek
through Juniper Ridge and Curry Mountain and thence eastward for

over 3 miles to Alcalde is worthy of remark. Other important
streams are Jacalitos, Zapato, and Avenal creeks, of which much'the
same can be said, except that the origin of the lower courses of the
former two is not so much due to structure as is that of the others
mentioned. All of these are antecedent to the latest structural
movements and form sharp cuts across features that have been up-
lifted in their path during Quaternary time. Owing to the slight
rainfall in this region and the prolonged drought in summer none of
these streams carries much water, and they all becomc nearly dry
during the dry season.

Tulare Lake borders the southeastern portion of the Coalinga dis-
trict east of the Kettleman Hills. It is broad and shallow, occupying
a portion of the almost level floor of the San Joaquin Valley. It is
supplied with water by several rivers descending the Sierra Nevada
and has no outlet. Owing to unusual precipitation during 1907 it
extended its borders widely, reaching nearly to the base of the
Kettleman Hills. During preceding years the lake had been drying
up and had almost ceased to exist. Its border as shown on Pl I,
therefore, represents an abnormally extended position.

GEOLOGY.

GENERAL STATEMENT.

The eastern slope of the mountains bordering the San Joaquin
Valley is formed by a great thickness of strata dipping toward the
valley. The oldest rocks exposed appear in the axis of the mountain
range at the base of the monocline, successively younger formations
appearing eastward as the edge of the valley is approached. The
different formations that may be recognized as units in this series,
with the time divisions to which they correspond, are as follows,
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from the oldest to the youngest: Franciscan (Jurassic?), Knoxville
(lower Cretaceous), Chico (upper Cretaceous), Tejon (Eocene),
Vaqueros (lower Miocene), Santa Margarita (upper middle Miocene),
Jacalitos (early upper Miocene), Etchegoin (uppermost Miocene),
Paso Robles (Pliocene and early Pleistocene), and late Quaternary
alluvium and terrace deposits. These formations, with the exception
of certain igneous and metamorphic rocks associated with the Fran-
ciscan, are of sedimentary origin, the sediments being marine, with
the exception of most of the Paso Robles and later deposits. They
indicate that the greater portion of the area included within the
Coalinga district was beneath the sea during intervals occupying
probably the major portion of the time from the Jurassic to the end
of the Miocene. The latest movements of the land, which produced
the features of topographic relief now to be seen, did not take place.
until within Quaternary time.

The first three of the above formations are of little nnportance in
this district in connection with the occurrence of petroleum. The
Tejon and Vaqueros are the principal reservoirs of the oil, and are
therefore of prime importance. The Santa Margarita and Jacalitos
are petroliferous only at their bases, and their upper beds, together
. with those of the Etchegoin, are the strata which overlie the oil sands

and through which the wells are drilled, so that their relation, thick-
ness, character, and structure have an important bearing on the
problem of accessibility of the oil and are worthy of detalled study.
The Paso Robles formation is of less direct importance in this con-
nection, butis of aid in throwing light on the structure and the rela-
tions of the different formations. )

STRATIGRAPHY.
FRANCISCAN FORMATION (JURASSIC?).

General description.—The central portion of the Diablo Range is
occupied by an old and for the most part much-altered formation
that is in every way similar to the well-known Franciscan formation
of other parts of the State. It comprises the oldest rocks here ex-
posed, as it antedates the Knoxville (Lower Cretaceous), but further
than this little can be said regardino' its age. It is usually considered
Jurassic, but elsewhere there is no good fossﬂ evidence of its age,
and in this region none has been found.

The Franmsca,n is easily recognizable, as it is characterized by
typical rocks and topography. The most characteristic feature of
the areas occupied by the Franciscan is the serpentine, which is every-
where associated with it and which is here considered a part of it,
although in reality intrusive in the sedimentary rocks, and therefore
of later age. The original sedimentary rocks, which are sandstone,
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shale, and jasper, occur in detached areas and are greatly disturbed.
They are intimately associated with glaucophane, actinolite, and
other schists; serpentine, and other metamorphic rocks; and in one
area shown on the map with soda-bearing hornblende syenite. In
the portion of the Coast Range within and bordering the Coalinga
district the metamorphic rocks of the Franciscan formation greatly
predominate over the unaltered ones. -In the small area of Franciscan
sedimentary beds in the northwest corner of the district, the alter-
nating beds of sandstone and shale closely resemble the strata in the
lower portion of the Knoxville-Chico and are difficult to separate
from them. The serpentine covers a much larger area and extends
far beyond the limits shown on the map over a continuous stretch
estimated as being at least 40 square miles. The Franciscan forma-
tion and associated rocks are considerably mineralized and contain
deposits of cinnabar, asbestos, and the newly described gem mineral,
benitoite.

Importance with relation to petrolewm.—The rocks of the Franciscan
are not known to contain any petroleum. The formation is of dif-
ferent character from the formations in which the oil is found and
has no direct relation to them. Even if it had once been a source of
petroleum, the disturbance that it has undergone could have allowed
little to remain. *

KNOXVILLE-CHICO ROCKS (CRETACEOUS),

General description.—The next oldest rocks exposed in the Coalinga,
district comprise a thick series of strata of sandstone, shale, and con-
glomerate overlying with probable unconformity the Franciscan
formation just described, and covering a wide belt for the most part
west of the foothill region. They form the high hills north and
southr of Los Gatos and Waltham creeks and may be eagily recognized
by the dark, thin-bedded, compact shale and sandstone of the lower
portion and the massive, drab, concretionary sandstone of the upper .
portion. - These rocks are of Cretaceous age and comprise part or all
of the two formations well known elsewhere on the west coast as
Knoxville (lower Cretaceous) and Chico (upper Cretaceous). Owing
to the lack of fossil or stratigraphic evidence in the Coalinga district
sufficient to form the basis for a separation between these two forma-
tions, they are mapped and described together for the present.
© The rocks, however, may be separated lithologically into three
divisions. A marked distinction between the lower and upper por-
tions has already been noted, but the thin-bedded shale and sand-
stone making up the lower portion is divided into two parts by a

a Louderback, G. D., Benitoite, a new California gem mineral, with chemical analyses by W. C. Blas-
dale: Bull. Dept. Geol. Univ. California, vol. 5, No. 9, July, 1907. pp. 149-153. Also, Arnold, Ralph,
Notes on the occurrence of the recently described gem mineral benitoite: Science, new ser., vol. 27,
No. 686, February 21, 1908, pp. 312-314.
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conformably interbedded zone of coarser sediments and in places by
several hundred feet of coarse massive conglomerate, as along Alcalde
Canyon and on Juniper Ridge.

The beds above and below the conglomerate zone are of the same
character, predominantly dark argillaceous shale in thin layers with
partings of sandstone, but it is possible that the conglomerate zone
represents an important stratigraphic separation. Chico (upper
Cretaceous) fossils have been found north of White Creek and near

Alcalde in the shale series at horizons higher than the conglomerate,
* and it is possible that the zone of coarsening in the sediments repre-
sents the base of the Chico. The beds below the conglomerate are
at least 3,000 feet thick, and probably belong to the Knoxville (lower
Cretaceous). Fossils of this age have been found in similar beds in
the Devils Den region, not far south of the area mapped. The strata
of the middle division, above the base of the conglomerate, have a
thickness of at least 4,800 feet.

The uppermost of the three divisions is predominantly sandstone,
and has a thickness of at least 3,500 feet. The sandstone is usually
of a drab color, medium grained, .and not very hard. It occurs in
massive beds, often weathering cavernous, that stand out promi-
nently and display the structure on the sides and tops of the ridges
north of Los Gatos Creek and west of Coalinga. Rocks of this divi-
sion may be easily recognized by these characteristic outcrops and
by the numerous large, hard, reddish-brown concretions of which the
sandstone is full and which weather out and remain in patches on
the surface. The beds are in places so concretionary that the indi-
vidual oval concretions lose their identity and the beds are composed
throughout of hard brown rock like that forming the concretions.
The prominent sandstoné strata are separated by poorly exposed,
softer beds of sand and light-colored shale, Locally the sandstone is
conglomeratic. Thin seams of calcareous shale and sand are at some
points interbedded with the softer beds. At the base of this division
of the Knoxville-Chico rocks, the massive sandstone beds give place
to thinner beds alternating with finer-grained sandstone and shale,
and these grade over into the thin-bedded series described as the
middle division. The transition takes place within a few hundred
feet, and in places a fairly sharp line can be traced between the beds
that are predominantly sandstone and those in which the thin layers
of fine grain predominate. Fossils of Chico (upper Cretaceous) age
occur at various localities in sandstone and conglomerate in the lower
portion of this upper division; the upper portion has not furnished
fossils and can be only doubtfully referred to the Chico formation.
The upper part of the concretionary sandstone series may be either
Chico or Tejon (Eocene), or a transition between these two forma-
tions. The division is, however, fairly homogeneous in character and
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seems to represent a separate stratigraphic unit, and it is therefore,
for the time being at least, referred as a whole to the Chico formation;
considered as such, it is strikingly distinct from the divisions below
and from other formations in the district.

Importance with relation to petrolewm.—The Knoxville-Chico strata
are not petroleum bearing so far as known. It is possible that traces
of oil may be found in them, but there is nothing to indicate that
they contain it in quantity sufficient to be of economic importance.
The beds underlie the Tejon (Eocene) formation, in which the petro-
leum of the Coalinga district is supposed to have originated, and
below which no petroleum has been found.

TEJON FORMATION (EOCENE).

General description.—The beds of the Knoxville-Chico are overlain
unconformably by beds belonging: to the Tejon (Eocene) formation.
This is a marine sedimentary formation, which was named from the
locality near Fort Tejon in Kern County, where it occurs typically.
It forms a belt along the western edge of the San Joaquin Valley
and is exposed intermittently in the region between the type locality
and the Coalinga district. No sharp line of demarcation is to be
drawn between the Tejon and the underlying Chico in the northern
part of the district, and in places there appears to be a gradation
from the beds of the former into those of the latter, as if they had
been formed during a continuous period of sedimentation.

The Tejon formation in the Coalinga district is made up entirely
of sedimentary strata that dip toward the San Joaquin Valley in
the monocline along the eastern flank of the mountains, and are
exposed on the surface in a narrow discontinuous belt between the
beds of Cretaceous which underlie them and those of the Miocene
which overlie them. Broadly speaking, the Tejon formation here
may be divided into a lower sandstone portion and an upper shale
portion, but no sharp division can be made that will be applicable
throughout the district under discussion. The most important and
distinctive feature of the formation is the predominantly fine-grained
‘nature of the beds toward the top as compared with those below.
The Tejon comprises a thickness of from 1,400 to 2,300 feet where
exposed most completely, the upper half of which is made up of thin
beds of whitish and purplish, siliceous, argillaceous, and locally cal-
careous shale which is easily recognizable and which lends individu-
ality to the formation. The lowermost few hundred feet are of
variable sandy beds locally fossiliferous. The upper shale is very
similar—especially in some places, as north of Coalinga—to the sili-
ceous shale of the formation along Reef Ridge described later as the
Santa Margarita, and the two must not be confused. Where the
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Tejon formation is thick, the shale portion forms a greater propor-
tion of the whole than does the sandstone, the middle beds being
chiefly of fine grain. The middle beds differ from those at the top
in being more argillaceous, of a darker color, less prominent, and
more frequently interbedded with sandy beds.

There are three separate areas in which the Tejon is exposed, one
in the oil field north of Pleasant Valley, another on the eastern horder
of the Alcalde Hills just west of Coalinga, and the third along Reef
Rldge Between the Alcalde Hills and Reef Ridge it is covered, as
is the Cretaceous below, by the overlapping Miocene beds. '

North of Pleasant Valley—In the northern region the Te]on is
typically exposed in the hills directly north of Coalinga in the vicinity
of the camp called Oil City. Here it seems to be conformable with
the Chico and to represent either continuous sedimentation between
the Cretaceous and Eocene or else a period of tranquil conditions
between the deposition of the two formations. The line of contact
between them shown on the map represents the top of the hard,
brown, concretionary beds, which are assumed to be the uppermost
Cretaceous beds of this district. The Tejon (Eocene) beds are mark-
edly unconformable with those of Miocene age above, which lie with
a low dip upon the sharply folded and overturned shales character-
istic of the upper part of the Tejon. The formation is here more
completely exposed than elsewhere within the district and has a thick-
ness of at least 2,300 feet. The uppermost beds for a few hundred
feet down are chiefly of white, siliceous, hard and brittle, thinly
bedded diatomaceous and foraminiferal shale. This shale grades
below into softer, crumbly, very gypsiferous, thinly bedded clay shale
and sandy shale of a purplish-brown color, which makes up the greater
part of the formation. The shale is locally variable in color, assuming
different yellowish and reddish tints as the result of staining by
petroleum. It contains an abundance of crystallized gypsum with
minor amounts of alkaline mineral matter and sulphur along the
intricate fracture planes. Numerous dikes of sandstone traverse the
beds in various directions, and sand and sandstone of variable charac-
ter are interbedded in lesser amounts with the shale in the middle of-
the formation. The lowermost 700 to 1,000 feet is made up chiefly
of interbedded hard and soft sandstone that is variable in color; but
is frequently yellowish The bedding throughout the formation is
usually thin and inconspicuous, and especmlly in the upper half is
apt to be very irregular.

Southwest of Oil City the Miocene beds gradually lap more and
more upon the Eocene, leaving less of it exposed. Owing to lack of
expostres of the underlying rocks for 1 or 2 miles north of Los Gatos
Creek, where it opens out to Pleasant Valley, and the structural
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complexity of that area, the lines of contact drawn there are theoret-
1cal and are at best only approximately correct.

South of Los Gatos Creek.—The outcrops of Tejon appear again
south of Los Gatos Creek, in a belt along the base of the foothills
.facing Pleasant Valley. The formation is conformable with the Chico
and the rocks near the contact are fairly well exposed. The line
drawn at the top of the concretionary beds, which are supposed to
be at the top of the Chico (upper Cretaceous), marks the base of
-some beds of light-yellow and white, soft, gypsiferous sand that are
taken as the lowermost Tejon (Eocene) of this district. Within 100
feet above this contact occurs a bed of a calcareous sandstone locally
greatly hardened and full of typical Tejon fossils. At the two coal
mines northwest of Coalinga the yellow sand at the base of the for-
mation is exceedingly gypsiferous and variable in character, and

appears to be a shallow-water deposit. It contains seams of lignite
and carbonized wood, which in former years have been mined.
Above this sand, which has a thickness of about 200 feet, occur thin
beds of light-colored, somewhat siliceous, hard shale, and soft, purplish-
brown, gypsum-bearing -argillaceous shale, composing the upper half
of the formation. The latter beds are steeply tilted and fractured,
and their truncated edges are overlain by Miocene beds with low
dip. The unconformity is well exposed in the canyon of the San
Joaquin Valley coal mine. At one place 4 miles northwest of Coa-
linga, within 500 to 600 feet above the base of the Tejon, there is
exposed a bed of soft diatomaceous shale which probably represents
part of the siliceous zone toward the top of the formation farther
north, although it is not impossible that it occurs within the Miocene
beds. Owing to the covering of soil on the undulating ground at the
edge of the plain northwest of Coalinga the thickness and extent of
this diatomaceous material, or of the formation as a whole, can not
be determined. It may be said, however, that the shale portion of
the formation has a thickness in this part of the field of at least 300
feet below the highest horizon that the unconformably overlying
Miocene leaves exposed. The Miocene spreads more widely over the
Tejon farther to the south until the strike of the latter carries it
completely beneath the Miocene beds at a point about 3 miles west
of Coalinga. . :
Reef Ridge—Beds of Tejon age appear again on Reef Ridge, where
the same broad lithologic characteristics may be noted, namely,
a sandy, frequently yellowish lower portion, and a purplish shaly
upper portion, although many minor differences are evident in the
manner of occurrence north and south of the Miocene overlap. The
Tejon beds of Reef Ridge, as compared with those in the northern
locality, are in general more induratéd and more regularly and steeply

o
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tilted. The sandstone is more massively and regularly bedded and
coarser at the base, and the shale is of different character and more
homogeneous. The formation rests on what is with little doubt a
lower portion of the Cretaceous, probably unconformably. An angu-
lar unconformity between the Tejon and the Miocene beds above it
on Reef Ridge was not plainly found as it was in the Coalinga field,
but there is good reason to believe that an unconformable relation
exists between the two formations here as well as farther north.

The Tejon of Reef Ridge is exposed typically in the gorges that cut -
this ridge between Zapato Canyon and Big Tar Canyon. It is made
up of a basal zone of conglomerate ranging in thickness from a few
feet to over 100 feet, of a succession of sandstone beds aggregating
about 550 feet in thickness, and of an upper shale portion of which
a thickness as high as 900 to 1,000 feet is in places exposed. The
Tejon becomes thinner west of Zapato Canyon and is not known to
outcrop in that direction west of Jasper Canyon. Toward the south-
east the Tejon passes under the overlapping Santa Margarita (upper
Miocene) near the extremity of Reef Ridge and disappears entirely.
Only one small outcrop of it was found on the southwest side of
McLure Valley. It was probably deposited over much of this
region and later removed by erosion before the deposition of the
Santa Margarita formation, which rests directly upon the Cretaceous
beds. Rocks of Eocene age reappear still farther south in the Devils
Den region and beyond.

The sandstone of the Tejon formation may be easily recogmzed by
the prominent line of peaks that it forms along Reef Ridge a few
hundred feet behind the abrupt frontal -escarpment produced by the
“Reef beds.” It is for the most part homogeneous, yellowish-gray,
medium-grained, oil-stained, massive sandstone, locally very hard,
especially in the upper portion, but usually fairly soft. In places it
is concretionary and becomes cavernous by weathering. A charac-
teristic feature of it is that it supports a heavy growth of vegetation
as compared with the shale above it. It attains its greatest develop-
ment in the central portion of its extent and thins toward the two
ends of Reef Ridge.

This sandstone contains typical Tejon (Eocene) invertebrate fossils
which place it definitely in this formation and allow its correlation with
the fossiliferous sandstone of the Tejon, already described from the
Coalinga field. At its base it grades into the locally variable conglom-
erate zone before mentioned, which is taken as marking the base of
the formation for the reason that it rests unconformably upon the
dark Cretaceous shale in the region of Big Tar Canyon and the head
of Garza Creek. Farther west, however, in the vicinity of Canoas
and Sulphur Spring canyons, the coarse beds at this horizon rest with
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apparent conformity and intergradation upon a great thickness of
beds of sandstone and soft sandy shale and carbonaceous clay shale
that are unlike Cretaceous strata of other parts of the district. It is
possible that this underlying terrane is part of the Tejon formation
that is lacking elsewhere, but it is mapped for the present with the
Knoxville-Chico (Cretaceous). No fossils have been found in it and
sufficient work has not been done upon it to determine its relations.

The shale overlying the sandstone of the Tejon is less resistant to
weathering and forms a belt of low topographic relief between the
line of peaks formed by the lower sandstone and the sharp ridge of
the Vaqueros (lower Miocene) ‘‘ Reef beds.” This belt is marked by
few outcrops and is almost entirely bare of vegetation except grass
and scattered small juniper and oak trees. The rocks of this zone
are well exposed only in the canyons, where they form thin beds of
purplish shale steeply tilted and considerably fractured and distorted.
At the base the beds of this member are almost invariably poorly.
exposed, but they seem to be somewhat sandy throigh a thickness
of about 200 feet, as if representing a transition from the sandstone
of the lower member. Above this transition zone the beds are fine-
grained argillaceous and siliceous shale, usually finely comminuted,
of a peculiar dark purplish-brown color, and similar to some of the
shale in the upper member of the formation north of Coalinga.
Many of the cracks in the shale are lined with sulphur. Toward the
top the shale becomes in places, as near and southeast of Big Tar
Canyon, of a yellowish or whitish color, and both siliceous and calca-
reous, the latter variety containing innumerable foraminiferal remains.
These varieties bring out still more strikingly the resemblance to the
shale member north of Coalinga and leave little doubt that the same
~ horizon is represented in both localities. The thickness of beds
exposed between the sandstone member of the Tejon and the Miocene
varies from place to place along Reef Ridge. The maximum thick-
ness that has been found is in the neighborhood of Canoas Creek,
where it is about 1,000 feet.

Age and relations of the shale of the Tejon formation.—No very
characteristic fossils have been found, either in the northern or in the
southern parts of the district, in the shale overlying the sandstone
known to belong to the Tejon formation, and therefore its classifica-
tion with the Tejon is not final. It is considered as a portion of the
Tejon (Eocene) because it is in apparent continuity with the beds of
that age, because it is found in association with those beds wherever
they occur, because it underlies unconformably beds containing
fossils of lowest Miocene age, and because it contains fossils that
point to its Eocene age. It is not thought probable that it belongs
in the Oligocene, because rocks of that age have not been recognized
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in the Coast Range south of the Santa Cruz Mountains. The uncon-
~ formity between this shale and the lower Miocene is profound in the
Coalinga field. On Reef Ridge it is not apparent along the contact,
but the tilting of the shale beds is in general steeper and the dis-
turbance greater than in the Miocene above. At the northwest end
of Reef Ridge the Vaqueros (lower Miocene) overlaps and rests
directly upon the dark shale of the lower portion’of the Knoxville-
Chico, proving for this portion of the district, as well as the northern
portion, the existence of an important unconformity between the
Tejon and the Vaqueros. "The variable thickness of the shale of the
Tejon formation exposed along Reef Ridge indicates an overlapping
of the Miocene upon different horizons, and the fact that the light-
colored calcareous and siliceous shales that are characteristic of the
uppermost horizon in the Coalinga field are absent in most places
along Reef Ridge, though present in others, is a further proof of the
existence of such overlaps.
Importance with relation to petroleum.—The shale in the upper part
. of the Tejon is thought to be the source of the petroleum found in the
Coalinga district. The sandstone both above and below it is saturated
and stained with oil, and although the shale itself does not give
evidence of containing much petroleum it shows the effects of being
stained by it. Petroleum has not been found in this district except
in beds associated with the Tejon, and where the Tejon is absent the
beds of the other formations are dry. Along Reef Ridge the sand-
stone of the lower half of the formation is saturated with oil, in places
through its whole thickness. The sand has a strong odor and when
a fresh fracture surface is exposed it is found to be stained brown
throughout. Included layers of shale are stained purple. All the
wells that are drilled through the shale to this sandstone strike oil .
in it in small amounts. The great thickness of the sandstone through
which the oil has permeated lessens the probability of its being found
in large amounts locally. It is probable that this oil originated in
the shale above and became absorbed in the sandstones above and
below. The occurrence of oil in the overlying Miocene beds will be
mentioned later.
It is believed that the shale in the upper part of the Te] on contains
a large proportion of material of organic origin. The calcareous
facies is composed in part of foraminiferal remains, and the hard
siliceous beds are very similar to the altered varieties of diatomaceous
and foraminiferal shale found in other formations in other parts of the
State. In places in this district the shale is softer and less altered
and is composed largely of diatom remains. It is probable that these
small marine organisms have been the chief source of the oil.
In other parts of California the origin of the petroleum is ascribed
to formations of similar peculiar character, although of different age,
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and it is a striking fact that all the conditions point to the diatoma-
~ceous or foraminiferal nature of the deposits as the determining factor
in the original occurrence of petroleum rather than to the age or
other characteristics of the formations.

THE POST-EOCENE FORMATIONS.

General statement.—The Miocene, Pliocene, and early Pleistocene
periods are represented in the Coalinga district by a series of forma-
tions that form a group by themselves, distinct from the older
formations. The first impression received on viewing the field is
that the later Tertiary beds form one continuous succession, and it-
is therefore natural to take up first a brief review of the whole series
before passing to the more detailed description of the different divi-
sions of it, which on closer study are found to be separable from one
another. o

The Miocene epoch was occupied in the Coalinga district by fairly
continuous marine conditions. Thére was rapid erosion of areas. of
considerable relief situated probably along the line of the present
mountainous belt, and deposition of the eroded material in great
thicknesses in changing and, for the most part, slowly subsiding sub-
merged basins. The formations thus deposited underwent disturb-
ances during these periods, and were finally affected as a whole after
the close of the Tertiary by the land movements, to which the greater
part of the disturbance at present visible in the beds is due. As a
result of these processes the periods following the Eocene are here
represented by a great series of sandstone and shale and conglomer- -
ate beds, all tilted at about the same angle, having usually similar
characteristics and presenting an almost perfect appearance of con-
formity and intergradation. By means, however, of discontinuous
fossil faunas, distinguishable lithologic groups, the absence in some
places, as a result of overlap, of formations or zones known elsewhere,
and the appearance of fragments of older formations within younger
ones, several important breaks, which prove the intervention of
periods of time during which land conditions existed over wide areas
or locally, may be- definitely made out. The important post-Eocene

- formations that represent the epochs of submergence of the land in the
area now occupied by the Coalinga district are the Vaqueros (lower
Miocene), the Santa Margarita (upper middle Miocene), the Jacalitos
(early upper Miocene), and the Etchegoin (late upper Miocene).
The formation following these, the Paso Robles (Pliocene and lower
Pleistocene), is probably in large part of different origin, but is simi-
lar to the others in the general features of its appearance. These
formations are all united into one series in the monocline dipping
down the east flank of Joaquin Ridge in the northern part of the
district and again in the monocline dipping away from Reef Ridge
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in the southern portion, but the character of the series is not entlrely
the same in the two regions.

The series in the north.—In the northern part of the district the
base of the Miocene-Pliocene is formed of coarse and fine oil-impreg-
nated sands unconformably overlying the whitish and purplish
‘petroliferous Eocene (Tejon) shales, these sands being overlain by
prominent sandstone beds, by a prominent zone of white siliceous
shale, and by soft sand, up to the base of a zone of bluish and varie-
gated clay and sand locally known as the “Big Blue.” Up to this
point the beds are fossiliferous, have a thickness of about 550 feet,
and are mapped as Vaqueros (lower Miocene). The ‘“Big Blue” has
a thickness of about 300 feet and is unfossiliferous. It is overlain
by a thickness of about 175 feet of coarse sand and sandstone beds
full of immense oysters, barnacles (Tamiosoma), scallop shells (Pec- -
ten), and other fossils, which beds may be named the Tamiosoma
zone. This is overlain by 400 to 500 feet of sand and gravel beds up
to the base of a very prominent gravel zone full of petrified wood. °
The beds from the base of the ‘“ Big Blue” up to this point are mapped
as the Santa Margarita (upper middle Miocene) formation. The
fossil-wood and gravel zone forms the base of a succession of sand,
sandstone, gravel, and clay beds extending up to the base of a prom-
inent zone of bluish-gray sand beds, having near their base a rich
fossil bed (the Glycymeris zone). The succession of beds up from
the base of the gravel zone to this point has a thickness of about
1,600 feet, and is' mapped as the Jacalitos formation (early upper
Miocene). The. fossil bed and bluish sands immediately overlying
grade upward into sand and clay beds, the whdle forming a thick-
ness of about 1,700 feet, which is mapped as the Etchegoin formation

(uppermost Miocene), and this finally is overlain by poorly exposed
coarse gravel deposits, which are mapped as the Paso Robles forma-
tion (Pliocene-lower Pleistocene). The total thickness of the suc-
cession in the Coalinga field thus outlined is about 4,600 feet, exclu-
sive of the Paso Robles formation, which can not be measured in
this portion of the district.

The series in the south.—In the southern part of the district the
basal portion of the Miocene-Pliocene consists of about 700 to 900
feet of steeply dipping hard sandstone and conglomerate beds, form-
ing the face of Reef Ridge. These overlie with an important, though
usually not apparent, unconformity the shale of the Tejon (Eocene),
and are locally petroliferous. At the summit they grade into softer
beds overlain by hard siliceous shale. Up to this shale the beds are
fossiliferous, and are mapped as the Vaqueros sandstone. The over-
lying shales are hard and whitish, form a prominent zone varying up
to 1,200 feet in thickness, and are mapped as Santa Margarita;
although only tentatively referred to that formation. These shales
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are overlain by a great succession of beds of sandstone, shale, sand,
_clay, gravel, and conglomerate of many varieties, having a thickness,
as measured in a section south of Big Tar Canyon, of at least 9,500
feet, and presenting no prominent line of constant variation which
may be taken as a separation between distinct terranes. This suec-
cession is, however, divided on the map, on the basis of criteria to be
discussed later (pp. 40-61), into three approximately equal divisions
corresponding to the formations in the north, namely, the Jacalitos
(early upper Miocene), Etchegoin (uppermost Miocene), and the Paso
Robles (Pliocene-lower Pleistocene). The total thickness of the
Miocene-Pliocene and the lower Pleistocene measurable in the above-
mentioned single section is over 11,000 feet.

VAQUEROS SANDSTONE (LOWER MIOCENE).

General description.—The unconformity at the top of the Tejon
(Eocene) marks an important lapse of time before the beginning of
the Miocene epoch. In the early Miocene a sedimentary formation
was deposited in the Coalinga district that is the correlative of the
formation known as the Vaqueros sandstone in the region nearer the
coast. The contemporaneity of these formations is shown by the
fact that the fossil remains of mollusks characteristic of lower Miocene
time exist in both.

The Vaqueros sandstone in the area under discussion forms an
elongated belt east of the belt of Tejon in the hills bordering the
San Joaquin Valley. It consists of hard and soft sandstone, shale,
and conglomerate, varying from 550 feet in the Coalinga field to 900
feet in the Kreyenhagen field, and may be easily distinguished from

“all other formations by the protruding tendency of the hard sand-
stone, known as the ‘‘Reef beds,” in its central portion. These beds
outcrop prominently in the northern portion of the district, and again
in the southern portion assume such prominence as to dominate the
landscape on the bold face of Reef Ridge. They are much more
resistant to erosion than the soft associated beds, and, dipping toward
the valley on the northeast at an angle varying from 50° to 80°, they
form the scarp and double row of pinnacles of Reef Ridge frontlng
the foothills on that side.

An important distinguishing feature of the Vaqueros is that the
beds at its base are the chief oil sands of the Coalinga district. In
many places they are saturated and discolored With petroleum.
They rest upon the eroded surface of the shale of the Tejon through-
out most of their extent, but overlap in the Alcalde and Jacalitos
hills upon the Knoxville-Chico (Cretaceous) rocks, thus hiding the
Tejon (Eocene) from view. Where such overlapping occurs, the
basal beds lose their petroliferous character at a distance from the
Tejon.
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There are three different areas along the belt of outcropping
Vaqueros which deserve separate description owing to the diversity
of character assumed by the formation in them. One of these is
in the oil field north of Coalinga, a second extends from a point in
the Alcalde Hills west of Coalinga to Waltham Creek, and the third
extends along Reef Ridge. The first two areas are separate. The
second and third areas are shown on the map as discontinuous, but
it is possible that a narrow belt of Vaqueros is exposed south of
Waltham Creek, and that this connects with the belt on Reef Ridge.

North of Pleasant Valley.—In the hills north of Coalinga the forma-
tion includes all the beds overlying the Tejon at least as far up in the
series as the base of the zone of fine grayish sand and clay locally
well known as the ‘“Big Blue,” and possibly to the summit of this
zone, which is at the base of the Tamiosoma zone. The ‘‘Big Blue”
is not known to be fossiliferous and presents therefore no definite
basis for correlating it, but it is mapped for the present as a portion
of the overlying formation (the Santa Margarita) and the summit of
the Vaqueros is placed at its base. The Vaqueros formation is
thereby restricted to those beds which are known by their fossils to
. belong to it. Its thickness is about 550 feet.

The lowest bed of the formation is.coarse, irregular, pebbly sand
truncating the eroded edges of the Tejon formation. It is followed
above by rough-bedded, hard and soft, both coarse and fine sand-
stone, sandy shale, and pure shale. These basal beds for 100 or 200
feet up are thoroughly impregnated with oil and have a dark-brown
color due to staining, a strong odor, and a curious mode of fracturing
characteristic of rock- that is filled with bitumen.. About 225 feet
above the base is a hard zone ranging from 5 to 15 feet in thickness, -
made up of several calcareous sandstone layers and a rough mixture
of ingredients of different kinds and textures. This zone of hard
sandstone forms a prominent outcrop over the summit and down the
sides of a hill just east of the road leading up Oil Canyon, appearing
from a distance like a portion of the periphery of a huge wheel.
Owing to the tendency of this bed to jut out over the surface of the
hills, it was referred to as the ““Reef beds’”” by F. M. Anderson,® and
the name is here retained for convenience of reference.

Similar hard and soft sandstone beds continue to about 425 feet
above the base of the formation, where a bed 10 to 20 feet thick of
compact, white, diatomaceous and foraminiferal shale is sharply
interbedded. This bed is prominent and so sharply marked off from
the associated gray sand that it can be easily traced. It has
been referred to throughout the field work as the ‘‘Indicator,” and
the name was found so convenient that it has been retained in

a A stratigraphic study in the Mount Diablo Range of California: Proc. California Acad. Sci., 3d
ger., Geology, vol. 2, No. 2, 1905, p. 175.
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this report. The bed is.continuous and in the same relative position
everywhere, from Oil Canyon to the northern edge of the area shown
on the map, beyond which no attempt was made to trace it. South-
west of Oil Canyon it is continuous for a mile or two at least. It
preserves its strong individuality throughout in spite of the fact that
it changes in character locally from a soft, compact, earthy deposit,
both massively bedded and finely laminated (as on the eastern side
of Oil Canyon in the south-central part of sec. 20) to a hard, thinly
bedded, white, porcelaneous or flinty shale and yellowish calcareous
shale (as south of the Laval grade on the hill (elevation 2,024 feet)
8% miles north of Coalinga in the western half of sec. 21). This bed,
. where not greatly indurated, may be seen with a lens to be full of
diatom remains—in fact, the rock seems to be chiefly composed of
them. It is strikingly similar to the siliceous shale characteristic
of the upper part of the Tejon (p. 23), and of the Santa Margarita
formation of Reef Ridge (p. 37).

Above the ‘‘Indicator” bed soft gray and brown sandstones in
thin layers make up a variable zone about 125 feet thick. This
sandstone contains typical Vaqueros (lower Miocene) fossils, and is
the uppermost horizon at which they are found. It grades above
into soft, fine, grayish-white sand that looks bluish from a distance—
the well-known ‘‘Big Blue.” The latter zone being unfossiliferous,
the line for the top of the Vaqueros formation is drawn at its base.

Southwest of Oil Canyon the Vaqueros beds become much thinner,
and within about 2 miles they lose their prominence. In the hills
for 2 miles north of the head of Pleasant Valley the beds are largely
hidden by recent deposits of soil, alluvium, and gravel, but it is
probable that a small thickness of beds, representing a part of the
Vaqueros, is continuous. Their presence is doubtfully indicated by
certain fossils that have been found.

Alcalde Hills.—In the hills west of Coalinga the Vaqueros is absent
north of the San Joaquin coal mine, with the possible exception of a
thin discontinuous zone locally exposed beneath the Santa Margarita
and Jacalitos formations. South of the coal mine incoherent and
extremely fossiliferous beds of the Vaqueros formation, largely of
yellowish and gray sand, overlap upon the Tejon and Chico (Upper
Cretaceous). Here, as in the Eastside field, they are about 500 feet
thick. The sand is both coarse and fine, roughly bedded, and has
partings and lenses of hard sandstone and gravel. Although it is
fossiliferous, the fossils are poor and not certain as indicators. A
section of the Vaqueros and overlying formations from Anticline
Canyon to the Lucile oil well is given under the discussion of the
developed territory (p. 101). Farther west a capping of low-dipping
beds of this age extends over the ridges formed of steeply dipping
beds of the Knoxville-Chico. This capping is, for the most part,

52332—Bull. 357—08—3
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only slightly indurated sand, clay, and gravel of many varieties of
color and texture.

Jacalitos Hills.—Between Waltham Creek and the northern end
of Reef Ridge the Vaqueros has not been recognized, but it may
form a belt around the southeastern side of Curry Mountain, through
the area tentatively mapped as covered by the Jacalitos formation,
and thence continue southward, beyond the lnmts mapped, to join
the belt on Reef Ridge.

‘Reef Ridge.—The Vaqueros overlies the shale of the Tejon on Reef
Ridge and forms the steep face of the ridge. Southward from the
region around Pleasant Valley the deposits thicken, and, owing to
greater induration, form a more conspicuous part of the landscape
than the contemporary beds farther north. Their relation to the
underlying shale of the Tejon is probably unconformable, although
no wide disparity in dip has been observed. There is even an appar-
ent gradation from the shale below to the sandstone above in some
places, making it difficult to determine the exact contact between
the two formations. This difficulty is largely due to the lack of con-
tinuous exposures near the contact.

The Vaqueros is subject to considerable variation- from place to
place, as will be shown in the tabulated sections on page 35. It
may in general be divided into three parts, one of comparatwely soft
beds of sandstone with shaly sandstone at the base, comprising about
one-fourth of the total thickness; a second of hard, fossiliferous beds
of sandstone with some conglomerate, making up about half of the
formation and producing the prominent outcrops of Reef Ridge; and
a third similar in thickness and character to the first and grading into
soft, fine-grained beds that are poorly exposed and lead the observer
to think there is a transition to the shale of the Santa Margarita for-
mation above, although this is hardly supposable. The third part is
much thicker on Canoas Creek than elsewhere, and there makesup half
of the formation. The Vaqueros sandstone is thicker in the southeast-
ern than in the northwestern half of Reef Ridge, the thickest section
observed being 900 feet, on Canoas Creek. The middle part is marked
by three principal horizons of hard fossiliferous sandstone and con-
glomerate beds, that stand out in strong relief. The lowest and
middle beds are about 150 to 200 feet apart and the middle and upper-
most beds 100 feet apart on the average. They vary in relative
prominence from place to place and the exact horizon at Whlch the
mduratlon is most pronounced is variable.
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The folldwing sections give an idea of the character of the Vaqueros
as it occurs typically exposed along Reef Ridge:

Section of Vaqueros formation in Canoas Canyon.

Soft fine sandstone with large oil seepages; ““Button beds” at base containing st
Astrodapsis, ete.; overlain by siliceous shales of the Santm Margarita forma-
110 (A 180
Hard and soft, gray and brown-stained sandstone, with large oil seepages in
upper half. i 300
Massive sandstone beds with thick, very prominent hard bheds at top and at
hase, the “Reef beds;” fossilsat base....... ... .. .. ... ... ... ... 100
Sandstone with very prominent hard bed at base......... ... ... .. ... .. ... 200
Tairly hard, thin-bedded sandstone underlain by the Tejon formation. ... .. 120
900.
Section of Vagueros in Big Tar Canyon. -
Soft sandstone and sandy shale, apparently a transition zone from Vaqueros to
Santa Mdrgarita, .......................................................... 200
Two extremely hard fossiliferous sandstone and conglomerate beds, each about
10 feet thick (“ Reef beds,” with less prominent, softer sandstone between). . . 75
Coarse 8andStome. . ....ooiii i e 150
Thin-bedded hard sandstone and shale, with reddish-brown shale at base. .. ... 100
Massive, fairly soft grayish-brown sandstone.. ... ... ... . .ocoiiiiiaaiitL 50
Soft sandstone with oil-stained streaks all through, overlying purple shale of
Tejon; spring of tarry oil at base........... ..o il 200
775

Importance with relation to petrolewm.—The Vaqueros sandstone
constitutes the principal reservoir for the petroleum in the Coalinga
district. The oil enters the formation from the underlying Tejon
and collects most abundantly in certain favorable zones within the
formation, chiefly at its base, although permeating locally the whole
formation in lesser amounts. The summit of the formation, as
mapped, being overlain by the “Big Blue” north of Coalinga, it is
coincident with the top of the productive zone in the Eastside field.
Similarly it is believed that the productive zone in the Kreyenhagen
field does not reach hlgher than the Vaqueros, the formation being
there overlain by the impervious shales of the Santa Margarita. The
relation of the formation to the occurrence of the petroleum is dis-
cussed more fully elsewhere. (See p. 69.)

SANTA MARGARITA FORMATION (UPPER MIDDLE MIOCENE).

General description.—A zone of beds full of very large fossil oysters
and barnacles runs through the midst of the developed oil territory in
the Bastside field and is well known to those familiar with the field.
Its fossils show that it belongs in the same portion of the geologic
column as the Santa Margarita formation® in San Luis Obispo

« Fairbanks, H. W., Geologic Atlas U. 8., San Luis folio (No. 161), U. 8. Geol. Survey, 1904.
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- County, farther toward the coast. This formation belongs in the
upper part of the middle Miocene. No fossils have been found in the
beds immediately below or above the Tamiosoma zone, as the fossil
~ beds referred to may be termed, from the typical and restricted
occurrence in them of the large barnacle of that genus, but the beds
below and above, for a thickness of several hundred feet, are for the
present mapped in the same formation with the fossil beds because
they are closely associated with them and to all appearances form a
part of the same succession. The Santa Margarita formation is
traceable only as far south as the San Joaquin coal mine. Beyond
that the beds are either lacking or are unfossiliferous, so that it can
not positively be stated that they are the same. In a region such as
this, where the beds are so variable from place to place and the dif-
ferent formations so similar, the fossils furnish the only evidence of
contemporaneity that holds good. In the Kreyenhagen field, there-
fore, where the portion of the series between the Vaqueros (lower
Miocene) and Jacalitos (upper Miocene), corresponding to the portion
occupied by the Santa Margarita farther north, is made up of unfos-
siliferous, hard, largely white, siliceous shales, it can not be stated
definitely whether or not a continuation of the Santa Margarita occurs.
The break in the geologic column between the Vaqueros (lower Mio-
cene) and Jacalitos (upper Miocene) is great, covering the whole
. of middle Miocene time, and is represented only in it|s later part by the

Tamiosoma zone and associated beds. The Monterey formation
(early middle Miocene) of the region nearer the coast islacking. It
is possible that the beds overlying the Vaqueros formation in the
two parts of the Coalinga district represent different divisions of the
later part of the middle Miocene period, that in the Kreyenhagen
Hills being perhaps later. The rocks in the two fields are for thé
present mapped as one formation, the Santa Margarita.

Coalinga field.—The basal part of the formation mapped as the
Santa Margarita is the “Big Blue.” This consists usually of about
300 feet of light-gray fine sand and clay that appears to have a light-
bluish tinge, especially when moistened; locally it includes other
materials, causing it to be one of the most varied zones in the region.
It is recognized in the oil wells as a sticky and frequently tough sand
and clay immediately overlying the oil sands. Toward the northern
edge of the area mapped it becomes coarser and is made up largely of
fine-grained, coarse-grained, and bowlder beds composed of serpentine
fragments, evidently derived from an area of serpentine to which the
basin of deposition was in close proximity. Some of these serpentin-
ous beds are extremely hard and form prominent buttes in which the
decaying serpentine presents a variety of shades of light blue, green,
brown, and dark red.
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The “Big Blue” is overlain by the Tamiosoma zone which com-
prises a thickness of about 175 feet of fossiliferous, fine, medium-
grained and locally gray sand and some sandy clay. This in turn is
overlain by 400 to 500 feet of alternating beds of fine sand, sandy
clay, coarser sand, and gravel up to the base of the prominent and
thick gravel zone considered as marking the base of the Jacalitos.

Toward the southwest the Santa Margarita formation disappears
east of Oil Canyon, being overlapped by the Jacalitos. It is not
known just where the overlap occurs, because the beds are poorly
exposed and cease to have distinguishing characters. On the western
side of Pleasant Valley the Tamiosoma zone reappears and overlaps
directly upon the Tejon (Eocene) at the San ‘Joaquin coal mine.
‘This is the southernmost point at which the fossils of this zone have
been found within the district, and south of there the Tamiosoma
zone is either absent or overlapped by the Jacalitos formation. There
is present, however, beneath the. fossiliferous Jacalitos beds, between
the coal mine and Waltham Creek, a zone of bluish and grayish clay,
about 250 feet thick, mapped with the Vaqueros of that area, that
may possibly represent the same horizon as the “Big Blue” in the
Eastside field. If this be true, it indicates a closer relationship of the
“Big Blue” to the underlying Vaqueros than to the Santa Margarita,
~ with which this zone has been described. This zone is described in
the geologic section from Anticline Canyon to the Lucile oil well,
page 101. ' .

Kreyenhagen field.—The Vaqueros sandstone all along Reef Ridge
is overlain by a formation of purplish, white, and brownish siliceous
- and argillaceous shale, having a thickness varying between 50 and
1,200 feet. The thin sharp beds of shale dip steeply away from Reef
Ridge to the northeast, their upturned edges being exposed in a belt,
usually only a few hundred feet wide, that follows the face of the
ridge. This belt is likewise a topographic feature, owing to the resist-
anee of the beds, which produce a line of shoulders or knobs on the
small lateral ridges descending toward the foothills. Southeast of
Little Tar Canyon the ridge of the Pyramid Hills, composed entirely
~of the shale, is a stili more marked expression of this topographic
influence, which is likewise characteristic of the formation elsewhere.
The features described make this shale easily recognizable as a litho-
logic unit with strong individuality, and distinguish its main portion
markedly from the Vaqueros sandstone (lower Miocene) below and
the soft sandstone beds of the Jacalitos (upper Miocene) above. As
before stated, this shale is only tentatively referred to the Santa Mar-
garita and may or may not have originated at the same time as the
- coarser beds in the Coalinga field. Fossils found a few miles to the -
northwest, in Waltham Valley, indicate that the shale belongs to the
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Santa Margarita. The shale may be a deep-water equivalent of the
coarser sediments in the Coalinga field, which at the northern end
of the field are of a strikingly littoral nature.

Near the southeastern end of Reef Ridge and along the rldge of
the Pyramid Hills northeast of Dudley the shale has a thickness of
from 1,050 to 1,200 feet. It is divided into two main portions, the
lower of which consists of harder, more siliceous, and more thinly
laminated purple and white shale, and the upper of softer, more
argillaceous, brownish shale. The lower portion is the more conspic-
uous, constant, and typical; the upper is not so well exposed, is more '
variable in character, and is not definitely separable from the soft
sandstone and.shale of the formation overlying. The following sec-
tion is typical of the formation along the face of Reef Ridge at its
southeast end, the different zones noted not being sharply separated
from one another.

Section of Santa Margarita formation 3% miles southeast of Big Tar Canyon.

: Feet.
Soft, brownish, clay shale poorly exposed, grading above into the fine sandy

shale at the base of the Jacalitos formation and below into bluish-purple sili-

ceous shale with occasional hard, more siliceous layers................... ... 400
Hard, siliceous, porcelaneous, thinly bedded shale, lavender colored, but

weathering white, with prominent iron stain throughout along joints; break-

ing with angular and conchoidal fracture into elongated, sharp-edged pieces;

interbedded with occasional soft laminse........... .. ... ... ... L 250
Fairly hard, purplish, siliceous and argillaceous shale, finely fractured into

needle-like fragments with yellow calcareous concretionary lenses and inter-

bedded porcelaneous layers; overlies the Vaqueros.......................... 400

1, 050

The two lower of these three zones differ largely in the proportion
of hard beds that they contain, and, as this proportion is variable from
place to place they do not form contmuous belts distinct from each
other. Together they make up the lower portion of the formation
according to the division given above. The siliceous shale of the
lower portion varies in amount of induration, ranging from a dull,
opaque rock that may be scratched with the finger nail to a sub-
vitreous flinty variety that can not be scratched by a knife. It
resembles very strongly the altered varieties of shale of the Monterey
formation (middle Miocene) that occurs nearer the Pacific coast, and
the shale of the Tejon and the “Indicator” bed of the Vaqueros of
this district. Iike these, its less-altered varieties show traces of
thickly embedded round dots and flakes that are almost certainly the
remains of diatoms, and the shale has the characteristic flaky texture
of diatomaceous material. The more siliceous shale seems to be
made up almost entirely of the crushed diatom tests. It contains.
also fish scales and other particles of organic origin, but almost no
molluscan remains. The shale laminz are locally yellowish and cal-
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careous and similar to the foraminiferal shale of the Tejon. Southeast
of Little Tar Canyon the formation increases in thickness to about
1,200 feet, the increase being mostly in the brownish shale of the upper
portion. The base of the formation is approximately at the axis of
the anticline of the Pyramid Hills. The shale appears on both
sides of McLure Valley with a general steep dip toward the valley
and with little change in lithologic character or thickness.

The northernmost point at which the siliceous shale doubtfully
ascribed to the Santa Margarita formation has been recognized in this
district is at the northwest end of Reef Ridge, where the white shale
forms a thin zone between the underlying and overlying sandstone
formations. It has a thickness of only about 50 feet. On the west
side of Jasper Canyon, the Vaqueros is overlain by hard, brittle,
yellowish-brown and black clay shale that may be a continuation
of the Santa Margarita, but its relations have not been studied. A
zone composed in large part of shale continues in the same position in
the series at least as far as the main valley of Jacalitos Creek, to the
northwest. This zone is highly tilted and much broken up.

Southeastward along Reef Ridge the shale thickens gradually and
continuously. Southwest of the head of Zapato Creek there is about
200 feet of shale that is divided into two zones of about equal thick-
ness. The lower one is of siliceous shale weathering purplish, brown-
ish, and white, similar to that forming the prominent outcrops of this
formation elsewhere. The upper is of purplish and brownish largely
clay shale. This grades at the top into alternating beds of brown
sandstone and dark clay shale, which make up a thickness of several
hundred feet and which may or may not be a part of the same forma-
tion. It is possible that this sandstone and shale correspond to part
of the thickness of shale found farther southeast, but, fossil evidence
being lacking, the formation is restricted for the present to the beds
that are purely shale. The most rapid thickening of the formation
takes place between Zapato Canyon and Canoas Canyon. At the
latter it is about 650 feet thick and comprises three almost equal
zones—the lowest, of fine-grained purplish shale of medium hardness,
fractured into fine, needle-like, angular fragments; the middle of hard,
siliceous white shale; and the upper of soft brownish shale. '

The same siliceous shale is found south of the Coalinga district,
extending along the border of the San Joaquin Valley. It thickens
from the northwest end of Reef Ridge toward the south until at the
Témblor ranch, in western Kern County, it attains the remarkable
thickness of 5,400 feet. It is probable that a part of the formation
here stands for a period of time not represented by deposits in the
region of Reef Ridge and may coincide with a part or all of the Mont-
terey formation (middle Miocene). The thickening of the shale south-
ward may take place at its base, the beds in the Coalinga district
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representing an unconformable overlapping of the upper portion upon
the Vaqueros.

Importance with relation to petroleum —In the Coalinga field the
Santa Margarita formation has an important relation in different ways
-to the occurrence of the petroleum. In the Eastside field its base is
taken as extending down through the ‘‘Big Blue.” This zone caps
the Vaqueros sandstone, or productive zone; and although small
amounts of oil and tar are found above its base, there is none in com-
mercial qualities The Santa Margarita is of chief importance here
as forming an impervious capping which has held the oil in. In the
Westside field the formations are thinner, and sand beds of the Santa
Margarita become part of the productive zone. In the Kreyenhagen
field the shale of the Santa Margarita acts, as the ‘‘Big Blue’’ does,
as an impervious cappmg that keeps the oil confined within the Vaque—
ros beds.

JACALITOS FORMATION (EARLY UPPER MIOCENE).

Definition and general description. —The formation overlying the
Santa Margarita in the Kreyenhagen Hills consists of about 3,600 feet
of sand, gravel, clay, and sandstone, in places very fossﬂiferous and
was formed in the earlier upper Miocene time. It is here named the
Jacalitos formation owing to its characteristic exposures both north
and south of the creek of that name. Abundant and well-preserved
fossils, by means of which its age is determined, occur in the type
locality. It is probably the equivalent of parts of one or more of the
upper Miocene formations known in other parts of the State, but its
definite relations to these have not yet been worked out. It is in
part represented in the northern portion of the district by similar beds
aggregating a much smaller thickness.

In the fields this formation does not stand out prominently as a
lithologic or stratigraphic unit and is not readily distinguishable by
itself. On the contrary, it forms merely a portion of the great thick-
ness of apparently conformable Tertiary beds that are exposed in the
great monocline, dipping at medium and high angles toward the valley.
The formation may be roughly distinguished as that portion of the
series between the shale of the Santa Margarita below and the major
beds of blue sand that are characteristic of the lower part of the forma-
tion above it (the Etchegoin) throughout the district. The Jacalitos, .
however, includes a great thickness of blue-sand beds at its summit in
the southeastern part of the Kreyenhagen Hills. A feature of this
formation is the occurrence at intervals in it of hard zones that project
like saw teeth and by their resistance protect the beds immediately
above and below them, thus forming long parallel ridges. The same
feature is in a greater measure characteristic of the Vaqueros sandstone
and Santa Margarita formafion below and less so of the Etchegoin
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(uppermost Miocene) formation above. Another feature of the Jaca-
litos is the great number of sand and pebble beds, full of sea urchins,
that are found in all parts of the formation. This feature is likewise
one belonging to the formation above. The most important features,
however, and the only ones that can be relied upon to separate the
Jacalitos from the other sandy. formations, are the position that it
occupies in the series and the various fossils that it contains.

The Jacalitos in the Kreyenhagen Hills is probably unconformable
with the Santa Margarita below, although the two formations appear
conformable at the contact, the line between them being arbitrarily
drawn where the beds that are predominantly shale (Santa Margarita)
give place to sandy beds (Jacalitos). In the northern part of the
district the relation of these two formations appears also to be one
of conformity, although the overlap of the Jacalitos on the Santa
Margarita near Oil Canyon proves clearly that it is the opposite. The
line there also is drawn arbitrarily at the base of the prominent pebble
zone full of fossil wood. The Jacalitos is likewise conformable to all
appearances with the later Miocene (Etchegoin) beds which rest above
it and are largely similar in composition, the line between these two
formations being likewise drawn somewhat arbitrarily, chiefly on the
basis of the fossil contents. There is a possibility that an uncon-
formity between these two formations exists in the hills surrounding
Pleasant Valley. (See p. 49.)

From its Jocality of typical occurrence in the Kreyenhagen and
Jacalitos hills the Jacalitos formation extends southwestward into
McLure Valley, where it occupies a similar position between the under-
lying Santa Margarita and the overlying Pliocene sands. Toward the
northwest it reaches into the interior of the Diablo Range through
the depression formed by the Waltham syncline and toward the north
extends across Alcalde Canyon into the region around Pleasant Valley.
North of Jacalitos Creek it no longer rests upon the shale of the Santa
Margarita, that formation being lacking, and the Jacalitos ceases to be
completely represented. The question of the relations of the beds of
this age in the northern and southern portions of the district is com-
plex and can be decided only on the basis of detailed paleontologic
evidence. The formation will be considered separately for the areas
lying to the south and to the north of Waltham Creek.

South of Waltham Creek.—From Jacalitos Creek southward the
Jacalitos formation affords more complete exposures than elsewhere.
The type locality for its fossils is along that creek, near which repre-
sentative faunas have been collected at several dlfferent points from
different horizons, but the undisturbed monocline in the range of the
Kreyenhagen Hll]s furnishes somewhat better sections of the forma- .
tion as a whole, since it has suffered considerable disturbance along
Jacalitos Creek and in the hills north of it. Moreover, in the latter
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region the base of the formation does not appear within the area
shown on the map and has not been definitely traced. As before
stated, the alternating beds of brown sandstone and dark shale that
overlie the siliceous shale of the Santa Margarita about the head of
Zapato Creek and thence westward are mapped with the Jacalitos,
although it is uncertain to which formation they properly belong.

The following tabulated sections will give the best description of
the lithologic character of the Jacalitos formation and its zones. It
must be borne in mind, however, that the formation is variable from
place to place; that any single description applies merely to a single
locality; that the different zones noted are not sharply separable, but
grade into one another, all containing elements in minor quantity
common to the others, and that a great variety of sedimentary beds
occur that would necessitate almost endless discussion to describe in
detail. Although the formation is thus variable, part of the variation

‘noticeable in the sections may be due to the fact that exposures are
not complete and that beds and fossils apparent in one place are fre-
quently hidden in others. It is especially difficult to determine the
relative quantitative importance of clay or somewhat compacted shale,
for the reason that the firmer sand beds are better exposed and there-
fore appear to dominate, and because it can not always be determined
whether the softer unexposed beds are fine sand or clay.

The following is a section of the Jacalitos along Jacalitos Creek,
from the summit of the formation, at a point on the south side of the
creek and at the north base of the 1,220-foot hill in the eastern part
of sec. 31, T. 21 8., R. 15 E., to its contact with the prominent Vaque-
ros sandstone at a point not shown on the map, about 14 miles west-
northwest of the end of Reef Ridge, in the middle of sec. 11, T. 22 S,
R. 14 L.

Section of Jucalitos formalion on Jacalitos Creek.
’ Feet.
Bluish to brownish-gray clay and clayey sand, alternating with light-gray and

olive-gray pebbly sand, with occasional hard fogsil layers and with Pecten

estrellanus bed at base; overlain by blue sand at the base of the Etchegoin.. 750
Massive beds of buff and olive-gray sandstone and sandy clay interbedded

with thin and thick beds of olive-gray pebbly sandstone and gravel, and

occasional sandstone layers. Sand dollars (Echinarachnius) numerous

throughout, usually in the pebbly layers. Bed of dark-brown sandstone

at base (at forks of Jacalitos and Jasper creeks), containing a rich fauna,

including Chione, Macoma, Panopea, Echinarachnius, etc................... 1, 300
Alternating heavy beds of coarse gray and brown sandstone and thin heds of

fine sandstone and sand of the same colors, with some beds of gritty olive-

gray sandstone and hard fossil layers. Bed with large Astrodapsis 200 feet

above base. Probably the zone of Trophon found farther southeast...... 500
Alternating beds of grayish and brownish sand and sandstone, with some sandy

clay and fossil layers in the sandstone.......... ... .o il 750
Alternating beds of soft gray and brown shale and sandstone, much tilted and

fractured, and in part overturned..... ... .. .. ... . ... et 5004
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The basal portion of this section rests upon the continuation of the
steeply tilted Vaqueros sandstone that is so prominent on the face of
Reef Ridge. Shale similar to the typical shale, mapped as Santa
Margarita, is entirely lacking; but it is possible that the much
disturbed basal zone of this section is the equivalent of that shale.
It may be the continuation of the similar thickness of alternating
beds of brown sandstone and dark shale overlying the typical shale
of the Santa Margarita along Zapato Creek, which has been mentioned
(p- 42) as doubtfully referred to the J acahtos instead of to the Santa
Margarita formation. There is a possibility that this zone of alter-
nating beds, which is for the present considered as the basal portion
of the Jacalitos, may be unconformable with the main body of that
formation, but further work will be required in order to determine

this.

The middle portion of the Jacalitos formation, m this locality espe-
cially, contains large unconsolidated accumulations of fine pebbles,
some in thick beds by themselves and some interbedded in thin layers
in the sand beds or scattered throughout the sand. These coarse beds
are frequently fossiliferous, and sand dollars are especially abundant
in them.

The uppermost beds of the above section underlie the lowest of a
number of prominent blue-sand beds that are characteristic of the
landscape in this district along the ‘belt of Etchegoin (Pliocene) for-
mation. The line of contact between the Jacalitos and Etchegoin
formations is drawn somewhat arbitrarily on the basis of this litho-
logic break and of the characteristic Mytiloconcha and Glycymeris fauna
that occurs in a bed just above. The beds above and below this line
of contact dip with perfect conformity at an angle of about 25°.

The following is a section along Canoas Creek from the top of the
Jacalitos, immediately south of the house of Hugo Kreyenhagen, to
its contact with the Santa Margarita:

Sectron of Jacalitos formation along Canoas Creck.

Chiefly grayish sand and soit sandstone, with thick pebbly zone containing rost:
Pecten estrellanus at base; fossil bed with Cardium, Solen, Echinarachnivs,
Macoma, Nassa, Olivella, etc., at top. ... ..o 650

Chiefly massive gray and buff-colored coarse-grained sand; a prominent hed
of friable dark sandstone with Panopeq, etc., at hase........ e 1,000

Similar sand, with prominent ridge-forming bed at base........................ 350

Similar sand, with prominent bed, the zone of Trophon, ete., at base.......... 400

Similar sand, with occasional sandstone layers and with prominent sfmdqimm
bed at base, forming first hill northeast of Reef Ridge........ ... ... ... 500

Similar sand, grading. holnw into sandy shale, overlying the Santa Margarita.... 600

3, 500

Southeast of Canoas Creek the Jacalitos formation preserves a char-
acter and thickness very similar to that given in the above sections.



44 , COALINGA OIL DISTRICT, CALIFORNIA.

The fossiliferous sandstone beds become more indurated, so that they
stand out like sawteeth on the summits of longitudinal ridges most of
the way to Big Tar Canyon and form véry pronounced features of the
landscape. As this canyon is approached the beds assume steeper
and steeper attitudes until they dip uniformly at angles varying
between 50° and 60°. The chief new feature assumed by the forma-
tion in this region is that some of the sand and pebble beds in its
higher portion have the blue color characteristic of the basal beds of
the Etchegoin. Confusion is thus introduced into the separation of
the two formations, but the same paleontologic criteria used in dis-
‘tinguishing them elsewhere still hold good here. In the neighborhood
of Garza and Big Tar creeks the zone of blue sands extends down over
800 feet into the Jacalitos, whereas farther southeast, as shown in the
next section, it extends to a still lower horizon, the lowest at which it
has been found anywhere. The exact s1m11ar1ty of the beds above
and below the contact of this formation with the overlying Etchegoin;
together with their perfect angular conformity, is almost conclusive,
ev1dence of their actual conformity and continuity.

Southeast of Big Tar Creek the beds begin to.lose prominence and
to form nearly uniform rolling hills of soft sand, with few large expo-
sures. The dip in this region becomes uniformly about 60°. The
following section shows-the character of the formation at about the
farthest point southeast in the Kreyenhagen Hills at which a sec-
tion of satisfactory completeness can be obtained from the surface
exposures:

_ Section of Jacalitos formatwn on north side of Reef Ridge 3% miles sontheast of Big Tar

Canyon.
Feet.
Dark-gray sand with about 20 feet of light-blue sand at hase.................. 120
Olive-gray sand with light-blue sand at base; the basal portion is probably the
main Pecten estrellanus zone found 1 mile northeast,......... ... ... ... 350
Tine shaly yellowish-gray sand, with whitish-gray and dark-gray layers inter-
bedded and some bluish pebbly sand; the lowest blue sand is at base....... 720
Compact, medium-grained to coarse gray sand, like beach sahd................ 275
Olive-gray speckled sand and soft sandstone with- appearance of a pepper-and- .
salt mixture......... ... ... ..... e e e e et e e e e e 275
Interbedded fine and medium grained grayish, whitish, and yellowish sand
and speckled sand like the last, with some clay layers.......... .. .. .. .. 600
Fine and medium grained reddish, yellowish, and grayish sand and soft sand-
stone with white sandy clay at top and coarse pebbly sand 300 feet helow top;
grading at hase into soft whitish-gray sandy shale.... ... . ... . ... 1,200
3, 540

The Jacalitos is worn off over the summit of the Pyramid Hills
anticline but reappears on its southwestern flank on the north side of
McLure Valley, dipping under the alluvium of thé valley floor. The
descriptions of the formation already given apply to it as it appears
in this region. The exposures are in general poor.
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The succession of beds exposed on the western flank of the high
hill 1 mile southeast of Alcalde, east of the road leading southward
from Alcalde toward Jacalitos Creek comprises about 1,600 feet of
sand, clay, gravel, and fossiliferous sandstone up to the base of the
blue beds that mark the Etchegoin formation. Locally, on the flank
of this hill the beds have a slight stain resembling that due to the
presence of oil. West of this road above mentioned the Jacalitos beds
are chiefly sand, with some clay and gravel and with fossils. They
overlap upon the steeply tilted Cretaceous strata and are warped into
a number of low plunging folds. Still farther west the Jacalitos over-

~ laps a wide extent of country in the Waltham syncline, along which

it has been traced 6 miles west of the area shown on the map along
Jacalitos Creek as far as the road to Stone Canyon.

Alcalde Hills.—North of Waltham Creek the Jacalitos formation
loses the great thickness that characterizes it throughout its occur-
rence to the south, retaining a thickness of only about 800 feet. This .

thinning takes place very rapidly in the immediate vicinity of Wal-

«tham Creek, as it does in the case of the Etchegoin formation as well,
indicating that the lower portion of Alcalde Canyon follows a line that
has been an extremely important locus of orogenic movements. The
areas to the north and south thus separated have had in large measure
‘a different geologic history. The exact nature of the thinning that
takes place in the Jacalitos has not been determined; whether it is a
constant thinning affecting all of the beds of the formatlon or whether
it is due to the absence of some large parts of theformation, owing
either to their having never been deposited north of Waltham Creek
or to their having been worn away, is not known at present. It is
believed that the area north of Waltham Creek was land during the
earlier part of Jacalitos time and that the lower portion of the form&-
tion was never deposited there.

The formation over the area of the Alcalde Hills retains the general
character of the beds to the south. Itis a variable formation of inco-
herent yellow, brown, and gray sand, sandstone, clay, and gravel,
locally containing fossils such as Pecten estrellanus, Pecten oweni, a
. large species of Metis, and a large sand dollar of the genus Lchmamch—
nsus. The typical fauna of the lower part of the formation in the
type locality along Jacalitos Creek is not present. The beds are
evidently of near-shore origin, being in many places roughly bedded,
cross-bedded, and variable..- They are full of gypsum. The base of
the formation as mapped is a fossiliferous bed, containing Pecten estrel-

lanus, and other fossils, that is traceable southward from the San
Joaquin coal mine to Waltham Creek. It is underlain, conformably
so far as known, by a zone of clay and fine sand about 300 feet thick,
which has been mentioned before (p. 37) as possibly belonging to the
Santa Margarita but which is mapped with the Vaqueros. The sum-
mit of the Jacalitos formation is mapped at the base of the Glycymeris
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zone, which is the equivalent of the basal Etchegoin as found elsewhere.
The relation of the beds along this contact is also conformable so far
as observed. A section of this and the associated formations will be
found on page 101.

North of Pleasant Valley.—The beds correlated with the Jacalitos
in the northern part of the district form that part of the series on
Joaquin Ridge which lies between a prominent zone of gravel at the
base that outcrops typically on the hill (where the tanks are situated
above the Standard Oil Company’s wells, on the west side of the NE. 1
sec. 28, T. 19 S., R. 15 E.) and the base of a zone of gray sand with
abundant fossils outcropping typically on the hill where one tank
stands, in the NE. $ SW. % sec. 34, T. 19 S., R. 15 E.. This portion of
the series consists of about 1,600 feet of alternating fine gray sand and
clay, pebbly and medium-grained sand and sandstone, and gravel.
The basal pebbly zone has a thickness of about 150 feet, of which the
lower half is a solid layer of pebbly gravel, locally hardened to con-
glomerate, and the upper half thin-bedded, brown, gray, and in some
places pinkish, sandstone and sand intermingled with pebbles and
with occasional shaly layers. This zone contains a great abundance
of petrified wood in large fragments, and at one placeé a tooth of an
extinct species of horse was found in it. The rest of the formation
is mostly soft, fine sand, with which hard sandstone layers, pebbly -
sand, and sandy clay beds are frequently interbedded. Several
pebbly zones have considerable thickness, but no part of the upper
portion has distinct individuality or prominence, and very few fossils
have been found in it.

Importance with relation to petrolewm.—The Jacalitos formation is.
not petroliferous in the Eastside field in the northern part of the
district, but is very productive in the Westside field owing to the
thinning out of the formations between it and the Tejon. In the
Kreyenhagen field it is not known to be productive at any point, no
oil having escaped from the Tejon and Vaqueros through the shales
of the Santa Margarita. The thickness and character of the Jacalitos
throughout the district have an important bearing on the question of
the accessibility of the oil, owing to the fact that most of the wells -
have to penetrate it in order to reach the oil sands at depths at which
they will be productive. A knowledge of its thickness has been
especially useful in making calculations as to the depth at which the
oil sands may be found in the Kreyenhagen and Kettleman hills.

ETCHEGOIN FORMATION (UPPERMOST MIOCENE).

Deﬁhition and general description.—The name Etchegoin was
applied by F. M. Anderson¢ to a great thickness of beds of unconsoli-

o Anderson, F. M., A stratigraphic study in the Mount Diablo Range of California: Proc. Cali-
fornia Acad. Seci., 3d ser., vol. 2, No. 1, 1905.
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dated sand, gravel, and clay, characteristically blue at the base, occur-
ring typically in the vicinity of the Etchegoin ranch, 20 miles north
of Coalinga, and extending continuously from there both northwest
and southeast along the border of the Diablo Range. In accordance
with Mr. Anderson’s statements and on the basis of the reasons stated
below the Etchegoin formation is mapped and described in the pres-
ent paper as the succession of slightly consolidated beds of sand,
gravel, and clay occurring on the summit and flanks of Anticline
Ridge and on the southeast end of Joaquin Ridge north of Coalinga,
above the base of the hill-forming sandstone beds (referred to for
convenience as the Glycymeris zone), and below the beds described
as the Paso Robles formation. Strata in other portions of the
‘Coalinga district are referred to the Etchegoin formation on the basis
of paleontologic correlation with the beds on Anticline Ridge.”

The Glycymeris zone is an extremely fossiliferous bed of somewhat
indurated sand that forms the summit of the hill at the northwest
end of Anticline Ridge (in the NW. + SW. % sec. 34, T. 19 S., R. 15 E.)
and extends continuously from that point along the line mapped as
the base of the Etchegoin formation. It is underlain at the locality
referred to by clay that is classed in the Jacalitos formation and is
overlain by a thick succession of bluish-gray sand beds interbedded
with dark-gray sand. The zone affords almost perfect specimens of
many species of fossils that make up a distinctive fauna. It is called
the Glycymeris zone for ease of reference, because it is an important
"datum line that may be recognized by the association of fossils con-
tained in it.

There are various reasons for assuming this zone to be the base of
the formation. First, an unconformity is known to occur below it
in the synclinal basin north of White Creek, for there a zone contain-
ing the same fauna rests directly upon Cretaceous (Chico) sandstone,
and somewhere between Oil Canyon and the Cretaceous area an
unconformable overlap of the Glycymeris zone upon the underlying
Tertiary beds must exist. It is therefore appropriate to consider
the beds above the base of the Glycymeris zone as a distinct forma-
tion, although on Anticline Ridge and in the greater portion of their
extent in the region north of Coalinga, as well as to the south as far
as they have been studied, they appear to rest conformably upon the
beds below. A further reason for assuming this zone as the base is
that it is at the bottom of a succession of bluish sand beds on Anti-
cline Ridge and at some other places in the Coalinga district, thus
marking a sharp and easily recognizable variation in lithology between
the beds below and above it. At other places, however, especially
in the southern portion of the Kreyenhagen Hills, the blue sands
occur also far below the Glycymeris zone, so that the lithologic feature
can not be relied upon everywhere as a basis of separation.
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In the description of the Jacalitos (early upper Miocene) frequent
reference has been made to the overlying Etchegoin (late upper Mio-
cene). In fact, these formations are so closely related and so similar
that the one can not well be described without reference to the other.
In places they seem to have originated as a chronologically contin-
uous succession of marine deposits and are only arbitrarily separable,
whereas in other places an overlap of the latter upon the former has
taken place. Many of the features of structure, influence on topog-
raphy, and lithologic variability mentloned in connection with the
former exist also in the latter.

The Etchegoin formation consists of slightly consolidated sand,
clay, and gravel, interbedded with occasional indurated beds, and is
characterized by an abundance of invertebrate fossils, among which
a few forms like sand dollars (FEchinarachnius), barnacles (Balanus),
Mulinia, Arca, Mya, small oysters, Neverita, etc., are particularly
prevalent. It reaches a thickness of over 3,500 feet in the southern
portion of the district, but in the northern portlon it is at most only
half as thick. It may be most easily recognized by the dominant
grayish-blue color of the massive sand beds that comprise a thickness
of several hundred feet at its base, but an examination of its charac-
teristic fossils is the only means of distinguishing it accurately from
the associated formations.

One of the most important of its broad features in the Coalinga
district is the usual predominance of coarse material, such as sand
and pebbly deposits, in its lower portion, and of finer material, such
as extremely fine sand and clay, in its upper portion; but this feature
is characteristic in various degrees according to the locality, and in
some places is hardly noticeable.

Coalinga field. —In the oil field north of Coalinga the Etchegoin has
a thickness of about 1,700 feet.  The basal Glycymeris zone has
already been described. Several other fossiliferous beds occur
within several hundred feet above this, and contain abundant sand
dollars (Echinarachnius), barnacles (Balanus), cardiums, turritellas,
etc. The lower portion of the formation is composed largely of beds
of compact coarse and fine blue sand alternating with zones of
pebbly sand, fine gray sand, and some clay, with: occasional more
hardened beds. The clay increases toward the upper part of the
formation, being interbedded with unconsolidated light-gray sand
that spreads over the surface and obscures the structure. The forma-
tion occurs in the low hills bordering the valley and passes beneath
the alluvium of the floor.

The Etchegoin forms a belt along the edge of the Alcalde Hills west
of Coalinga and is overlapped by the recent valley deposits. A good
section of it is obtainable 2 miles southwest of Coalinga, where the

fossiliferous beds of the Glycymeris zone at its base outcrop on the
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west side of the summit of a prominent hill on which a tank is situated,
in the SE. 1 sec. 1, T. 21 S,, R. 14 E. These beds are of yellowish
gypsiferous sand and sandstone of fine to medium grain, with a
thickness of about-200 feet. They are overlain on the top of the hill
by 200 feet of both loose and indurated coarse gravel, pebbly sand,
and interbedded fine sand containing sand dollars. Above these
beds comes a thickness of 250 feet of whitish-gray sand of the tex-
ture of granulated sugar, grading at the base into coarser even-
grained sand. This zone is followed above by about 20 feet of coarse
sand sandstone, and pebble conglomerate containing many fossils,
1nclud1ng Pecten wattsi, Arca, Ostrea (small), sand dollars sea urchlns
(Astrodapsis), etc. This is the zone of Pecten coalingaensis that
occurs in the Kettleman and Kreyenhagen hills. (See p. 50.) The
highest beds exposed are of fine yellowish and whitish-gray sard
comprising a thickness of about 50 feet, these being overlain by the
surface deposits at the base of the hills. The thickness of the forma-
tion in this section is about 700 feet, but as the uppermost beds that
belong above the Pecten coalingaensis zone are lidden, the whole
forma,tlon probably has a thickness of about 900 or 1,000 feet.

. White Creek basin—A detached area of Etchegoin beds is pre-
served in the syncline near the head of White Creek, northwest of
Coalinga, where the formation rests upon the beds of the Cretaceous
(Chico). - At one time these beds were doubtless continuous with
those of the same formation around Pleasant Valley, and their pres-.
ence In this interior basin proves that an extended overlap of the
Etchegoin over the older Tertiary formations and onto the Creta-
ceous took place.

The basal beds appearing above the Cretaceous in this syncline
are very fossiliferous and contain a finely preserved fauna exactly
similar to that of the Glycymeris zone on Anticline Ridge. They
may be regarded as representing the same horizon. The lowest 100
feet of beds immediately overlying the Cretaceous are composed of
coarse and pebbly, compact but soft, yellowish-gray sandstone
hardly distinguishable from the underlying Cretacéous sandstone.
These beds are not very fossiliferous, but grade upward into beds
largely composed of fossils, with a matrix of yellowish-gray sand.
Arca .is the most abundant genus, but Glycymeris, sand dollars
(Echinarachnius), and locally many other forms are also very abun-
dant. The bulk of the formation in its middle portion consists of
$imilar sand and sandstone resembling the massive upper Cretaceous
sandstone and containing occasional fossil. beds.. Numerous layers
of very hard sandstone and some concretions are present. The beds
for a few hundred feet below the top of the formation are more varia-
ble, a thick zone of coarse pebbles being followed above by alter-
nating beds of sandy shale, calcareous shale, and coarse and fine sand

52332—Bull. 357—08——4
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and sandstone, and, near the top, a hard and prominent thin bed of
dark-brownish sandstone full of small white fossils. The total thick-
ness of the formation is about 1,100 feet, which corresponds fairly well
with the thickness that it is supposed to possess in the hills west of
Pleasant Valley.

Kreyenhagen Hills—The best and most complete sections of the
Etchegoin may be found in the Kreyenhagen Hills, where the
upturned northeastward-dipping beds of this formation are exposed
as a belt in the foothill area between the Jacalitos and the Paso
Robles. It is not easily separable from these two formations, the
line at the base being especially arbitrary. The contact at the base
of the Etchegoin is drawn below a fairly constant fossiliferous zone,
supposed to be the equivalent of the Glycymeris zone north of Coalinga.
The contact at the top of the formation is marked by the usual occur-
rence above it of the gravelly beds of the Paso Robles, by the pres-
ence at the top of a zone containing Mya, Ostrea, etc., which may be
called the upper Mya zone, and by other more local criteria.

The zone of blue-sand beds at the base of the formation is constant
throughout the Kreyenhagen Hills. Its thickness is variable from
place to place and is of little value except for broad correlations.
The lower part of the formation is composed chiefly of sandy beds of
all degrees of coarseness up to pebble beds, and of many varieties of
blue, gray, and drab color, with minor amounts of clay. The upper
part of the formation is composed of alternating thick zones of sand
and clay, the amount of clay being somewhat greater than in the
lower portion.

There are four main fossil zones in the Etchegoin of the Kreyen-
hagen Hills, corresponding to similar ones found in other parts of the
district. The lower zone is the Glycymeris zone already mentioned.
About 800 feet above the base of the formation, roughly speaking
comes a zone characterized by an abundance of Mulinia (large),
Arca, sand dollars (Echinarachnius), etc., which may be referred to
here and in the Kettleman Hills as the upper Mulinia zone, as it is
the uppermost bed in which large specimens of this genus are found.
This zone is usually coincident with the upper portion of the blue-
sand zone. The third main zone may be called the Pecten coalinga-
ensis zone, owing to the nonoccurrence of this species at other hori-
zons. It is within 300 to 400 feet below the top of the formation and
contains' a well-preserved and extremely varied fauna, including
Pecten coalingaensis and Pecten wattsi as about the most typical
forms, together with many sand dollars, sea urchins, brachiopods,
etc. The fourth zone includes the summit beds of the formation, -
which contain Mya, Ostrea, etc., and which are called the upper Mya
zone. These four zones do not include all the important fossil beds



GEOLOGY. 51

in the formation, but are those that have been found most persistent
and easily recognizable and therefore most valuable as datum lines.

The following columnar sections of the formation in different parts
of the Kreyenhagen Hills give a tabulated description of the forma-
tion as it occurs typically and convey an idea of the variability of
the beds:

Section of Etchegoin formation on Zapato Creek.
' Feet.
Light-gray and olive-gray sandy clay and sand, with sandstone layers at top *
containing Mya, Ostrea, Arca, Neverita, etc.; the upper Mya zone; overlain by
gravel of Paso Robles formation. . _....... ... .. .. .o ...... 300
Olive-gray fine sand and pebbly sand, with thin sandstone layers. Rich fossil
Zone at top containing Pecten wattst, P. coulingaensis, brachiopods, sea urchins,

etc.; the Pecten coalingaensis zone. . ... ..o 400
Bed of light-blue sand, the highest of the blue- sand zome. ... ................. 10
Massive beds of gray sand and sandy clay with occasional thick beds of blue

sand; a bed containing Arca in- quantities at the base...................... 290

Similar gray and blue beds with a 20-foot zone at base composed of massive,
olive-gray, compact sand containing many inconstant laming of hard-brown-

ish-gray sandstone...... ... i 850
Gray sand......o.oo.ooooalL.. e e e 350 °
Prominent bed of cavernous-weathering bluesand. ..... ... ... ... ... ... 50

Alternating thick beds of gray sands and bluish clay, with thin layers of sandy

clay, and with three prominent beds of blue sand in the lower 100 feet. This

basal portion is probably the upper Mulinic zone. ... ... ... ... . ... eee. 250
Olive and light-gray sand and sandy elay. ... o oo il 500
Prominent beds of blue sand at top and base, with prominent massive beds of

olive-gray medium-grained and pebbly sand and minor beds of clay and blue

sand hetween; this is the base of the blue-sand zone and approximately that

of the BHehegoin. . . ..o u ettt 475

Section of Etchegoin formalion on Canoas Creck.

TFine gray sand and clay with occasional hard layers; zone of Myq, ete.; over-

lain by gravel of Paso Robles formation. .................................. 450
Gray sand and clay in alternating beds of variable thickness.................. 1, 700
Top of blue-sand zone; massive gray sand both coarse and fine, interbedded

with clay in lesser amounts and occasional heavy heds of blue sand; contains

numerous sand dollars and a zone at the base with Mulinia, Cardium, Clycy-

meris, Mytiloconcha, ete.; the upper Mulindw zone......... ... ... ... ... 550

Similar beds to the base of the zone of blue sand. Beds at base containing sand
dollars ( Echinarachnius) Solen, Cardium, Nassa, €tc. ... .......o...oovnan.. 900
3, 600

Section of Etchegoin formation 8% miles southeast of Big Tar Canyon.

Thinly bedded hard white porcelaneous shale, with whitish-gray fine sand,
pebbly sand, and sandy clay, containing lenticular layers and nodules of por-

celaneous shale and many bone fragments. ......... ... .o ool 250
Alternating thick zones of whitish-gray sand and clay........... ... ... ... 1,080
Solid zone of thin-bedded pebbly sandstone. .. ...... ... ... ... .. .. ...... 45

‘Whitish-gray sand and clay with a'15-foot bed of coarse pebbly sand in middle.. 660
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Prominent beds of compact gray sand with softer sand and sandy day between; st
whitish gray sand with black pebblesat base........... ... .. o ... ... 210
Compact fine gray sand streaked with layers of fine whitish sand and sandy clay. 420
Compact, slightly gritty white shale somewhat similar to the Santa Margarita. . . 10
Solid zone of gray sandstone, coarse pebbly sandstone, and hard calcareous
Shale. .. . 40
Fine gray sand .. ... il e 50

Highest bed of blue sand, with a 10-foot layer of pebbles at-base and a 3-foot
layer full of sand dollars, barnacles, arcas, etc., 20 feet above base; probably
upper Mulinda zone........................ i 80
Interbedded blue sand and sandy clay with a prominent 20-foot bed of blue
sand at base; probably the zone of Crepidula, Solen, etc., found 1 mile to the

MOTERWESE . . . . ottt e e e e et 120
Minor beds of blue sand, with a thick zone of hard calcareous shale in middle. . 90
Prominent blue-sand bed, pebbly toward the base and containing many sand

dollars. ... .. ... .. ... iiiil... i 90
SOft Gray SAIA . - .o 70
Very prominent blue sand................... e eieieiiiaaan 40
A prominent 30-foot bed of blue sand at hase overlain by bluish and gray sand .

and three less prominent heds of bluesand. ... oo oo il 250

3, 500

McLure Valley—The Etchegoin probably outcrops over a small
area in the Avenal syncline in McLure Valley above the J acalitos for-
mation, and is characterized at its base by blue sands, but it can not
be definitely recognized. The thickness of beds above the Santa
Margarita in this region is so great that some Etchegoin must be pres-
ent in addition to the Jacalitos. No fossils have been found, and
there is no direct evidence on which to base a separation between the
two formations, so that the line of contact mapped is arbitrary. The
highest beds appearing in the syncline, which are taken to be the basal
beds of the Etchegoin, consist of blue sands. Above these every-
thing is covered by the recent alluvial deposits of the Vallcy

Kettleman Hills.—The Etchegoin is excellently exposed in the Ket-
tleman Hills, where it is a thick formation similar in character to the
same terrane in other parts of the district. Its lower portion appears
along the axis of the Coalinga anticline, but although the lowest beds
that the plunging anticline brings to the surface are very nearly the
basal beds of the formation no underlying formation is known to be
exposed. The uppermost beds appear all around the Kettleman Hills
and are everywhere overlain, with apparent conformity, by the fresh-
water beds at the base of the Paso Robles. The greatest thickness
that has been found exposed is in the south-central part of the hills,
on the southwestern flank of the anticline, where the beds below the
fresh-water horizon measure over. 3,000 feet

Different horizons in the Etchegom of the Kettleman Hills afford
good datum lines that may be recognized by means of the character-
istic faunas and the constancy of the beds containing them, and it is
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convenient to designate these briefly, beginning with the summit, of
the formation as a constant datum line and going down. The summit
of the formation is marked, as it is in portions of the Kreyenhagen
Hills, by a constant fossiliferous zone of sand and sandstone inter-
bedded with dark clay, which here, as in the Kreyenhagen Hills, may
be called the upper Mya zone, because of the great abundance of
fossils of the genus Mya. It is also full of other fossils, small yellow
Littorina and small oysters being especially common. This zone has
a thickness varying between 200 and 300 feet, and is prominent in the
topography because it usually forms a line of hills. In the southern
part of Kettleman Hills it forms the main ridge. Below it comes a
zone of uneven thickness, usually measuring about 700 feet, which in
some portions of the hills is composed almost entirely of fine inky-
blue clay, and in others of clay and sand interbedded in varying pro-
portions. Toward the base of this zone, usually between 700 and 900
feet below the top of the formation, there is a zone of fossiliferous
“sandstone beds equivalent to the zone of Pecten coalingaensis oceur-
ring in the Kreyenhagen Hills. The beds at this horizon likewise
show a tendency to form hills or knobs, but these are not so promi-
nent as those of the upper Mya zone.

Below this the formation is largely sand and clay, chiefly sand,
down to the base, the lower portion here, as elsewhere, being com-
posed of beds of ordinary sand alternating with beds of blue sand.
The next prominent fossil bed contains Mya in large quantities, and
will be referred to as the lower Mya bed. It occurs between very
prominent beds of blue sand on the summits of hills; and in the north-
central portion of the Kettleman Hills forms the main ridge. Owing
to the fact that the formation is thicker in the southern than in the
northern portion of the hills and apparently thicker on the western
than on the eastern flank of the anticline, the distance below the sum-
mit of the formation at which this and other beds occur can not be
stated as a constant. The variation of this zone is between about
1,900 and 2,400 feet below the summit. One of the fossils most in
evidence in the Kettleman Hills is the large Mulinia; a bed contain-
ing abundant specimens of this species occurs about 100 feet below
the lower Mya bed. It is the highest horizon at which the large
specimens have been found, and is with little.doubt the upper Mulinia
zone of Kreyenhagen Hills. In the northern portion of Kettleman
Hills it is near the base of the exposed series, and is the lowermost
easily recognizable zone; in the central portion of the hills it still
persists, but lies above éxposed beds of considerable thickness.
Another zone in which Mulinia occurs very abundantly in Kettleman
Hills is between 500 and 700 feet below the upper one, and may be
referred to as the Glycymeris bed, for the reason that it contains an
association of fossils, including Mytiloconcha, Glycymeris, etc., similar
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to the bed so named north of Coalinga. It is about the lowest bed
exposed, and is approximately at the base of the Etchegoin formation.

The following sections represent fairly well the lithologic character
and variations of the Etchegoin in the Kettleman Hills. Variability
is the rule, and it would be difficult to find any two sections in which
the same beds are exposed and the characteristics are constant:

Section of Etchegoin formation on southwest flank of Kettleman Hills, along road 6 miles

Jfrom northwest end of hills.
Feet.

Yellowish-gray sand and clay, with some dark clay; many fragments of porce-
lain shale on surface; small oystets in sand at top, and yellow calcareous shale
lenses in bluish-black clay at base; upper Mya zone....................... 125
Alternating beds of fine drab gypsiferous sand, sandy clay, and drab to bluish
clay, with occasional sandstone layers, and with a bed at the base containing

delicate fossils, Nucula, ete. .. ... o il © 250
Similar beds, with layers of iron-stained sandstone at hase.................... 115
Similar gypsiferous beds, with light-colored sand predominating; the Pecien

coalingaensts zone should he here somewhere, but was not found......... ... 250
Inky-blue clay with minor beds of sand and with a hard 1-foot bed of yellow

limestone in middle. .. ... .. o e 290

TFine sand and some light and dark clay, with hard, very gypsiferous, yellow
and variegated sandstone at the top, and interspersed hard layers helow;

sandstone with Solen, etc., near base. ... .. il 135
Highest blue-sand bed ... .. L 45
Grayish-blue massive sand and pebbly sand, with fossils............. ... ... 130

Thinly and massively bedded drab and light-gray sand with occasional beds of
blue sand and layers of inky-blue clay, white clay, and pebbles; the sand at

base is the lower Mya bed...... ...l 550

Massive beds of blue and gray sand, with Mulinia, etc., at base; upper Mulinia
704U 100
Less prominent beds of blue and gray sand with sand dollars, oysters, etc. .... 300
» 2,300

On the northeastern flank of the anticline in this same portion of
the hills the beds are repeated with approximately the same thick-
ness, but the section measured made it appear that there was possibly
a shght thinning on that side.

The next section is on the southwestern flank of the anticline in the
south-central portion of the hills, beginning at the 1,030-foot hill on
the main ridge in the center of sec. 3, T. 23 S., R. 18 E., and extend-
ing northeastward across the strike of the beds to the anticlinal axis.

Sectwn of Etchegoin formation on southwest flank of Coalinga anticline in central portion

of Kettleman Hills.
Feet.

Inky-blue clay below fresh-water bed....... .. .. .. .. .. ... 50
Yellow and gray sand, full of fragments or nodules of porcelain shale and of fos-

sils, Mya, Macoma, Solen, Ostrea, Arca, Littorina, etc.; the upper Mya beds.. 200
Inky-blue clay zone; sandy beds at top containing innumerable small oysters;

occasional layers of yellow calcareous shale; a thin bed, 15 feet above base,

of coarse purple and yellow, iron-stained, and exceedingly gypsiferous sand-

stone with many fossils, probably the Pecten coalingaensis zone............. 725
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“ Feet.

Mostly light-gray and drab sand, with beds of dark clay in minor amount; a
pebbly sand layer 200 feet below top; pebbly sand and iron-hardened sand-
stone layers near base . ... ... il 1, 400
Blue-sand zone, several massive beds of blue sand and pebbly sand interbedded
with fine light-gray and drab sand, sandy shale, and pebbly sand and occa-
sional iron-hardened beds; at top is probably the upper Mulinia zone; the
basal sand is full of fossils, Mulinia, Mymloconcha Glycymms etc., and is the
lower Mulinie z2ome. . ...... oo oo i e 675

3, 050

As may be inferred from an examination of these two sections, the
anticline plunges from the locality of the second toward that of the
first, and & much greater thickness of beds is exposed in the second.
The upper Mulinia zone occurs 2,000 feet below the summit in the
first, whereas the bed that has been correlated with it in the second
occurs over 300 feet lower. It seems probable from this and.similar
instances in other sections that the formation thickens toward the
south between the top and this bed, the thickening being similar to
that which takes place between the oil field north of Coalinga and
Kreyenhagen hills. It may reasonably be assumed that a thickening

“takes place also below the upper Mulinia zone, and that the base of
the formation is not so far below this zone in the northern portion of
the hills as farther south.

Toward the northern end of the hills, as shown by the map, the
Etchegoin plunges completely beneath the Paso Robles formation
and does not appear again until brought up by the oppositely plung-
ing anticline on Anticline Ridge. Toward the southern end of the
hills the formation becomes covered more and more by surface sand
and soil, and both its zones and structure are obscured. At the
southern end of the hills it does not pass below the Paso Robles, but
exposes beds not far above the base.

Importance with relation to oil.—Nowhere w1thm the Coalinga dis-
trict is the Etchegoin formation known to contain any petroleum,
but, like the Jacalitos, it has an important relation to the question of

~ accessibility of the oil. Some wells in the Coalinga field pass through
a considerable portion or the whole of this formation before reaching
the Jacalitos or lower formations. All wells drilled around the edge
of Pleasant Valley, or on Anticline Ridge, or in the Kettleman Hills,
will have to pass through this formation, and its thickness must be
taken into account in calculating the depth of the oil sands. The
great increase in thickness that takes place in this and the other
post-Eocene formations south of Waltham Creek has an all-important
bearing on such calculations.
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.PASO ROBLES FORMATION (PLIOCENE—LOWER PLEISTOOENE).

Definition and general description.—The Etchegoin is overlain along
the border of the valley by a.thick terrane of beds of gravel, sand,
clay, sandstone, conglomerate, and some limestone that forms the
uppermost member of the series of upturned formations exposed in
the monocline on the eastern flank of the Diablo Range. It differs
materially from the formations so far described in that its origin is .
doubtful, being in part fresh water, in part marine, and in large part
probably of suberial origin. In the Kettleman Hills, where these
beds are best exposed, the basal sand, which appears to lie conform-
ably upon the marine bed at the top of the Etchegoin, contains many
fresh-water fossils. The beds above this have a thickness of several
thousand feet, and as far as observed are unfossiliferous except at
- one horizon near the summit at which a few marine fossils have been

found. Along the foothills of the Diablo Range in the Coalinga-dis-

trict the basal fresh-water beds have not been recognized and may
be lacking. Gravel and sand beds belonging to the same series over-
lie the Etchegoin with local appearances of unconformity.
This whole series of tilted beds overlying the Etchegoin is referred
.to here and mapped as one formation, the Paso Robles, for the reason
that it appears to be a continuous succession and can not he con-
sistently subdivided in different regions. It was formed without
doubt under varying conditions of deposition, but it may or may not
represent a continuous period. It began to be formed in some por-
tion (probably the earlier portion) of the Pliocene epoch, and prob-
ably fepresents a continuation of deposition well into the Pleistocene.
~ Its summit may be considered as the highest bed markedly affected
by. the great uplift that took place early in Pleistocene time through-
out the Coast Range region, and as unconformably overlain by the
more recent horizontal terrace deposits and alluvium.

" The highest portion of the formation exposed appears near the edge
of Kettleman Plain in the south-central part of the Kettleman Hills,
but the summit of the formation as above defined is not exposed. It
is- probable that the edge of the hills there marks the approximate
summit of the tilted beds. The formation may be recognized most
easily by the fresh-water fossils and strange bone beds at its base, by
its position overlying all the other formations and bordering the valley,
and by the prevalence in it of prominent beds of bowlder gravel, which
is much coarser and more abundant than in any of the other Tertiary
formations. Otherwise this formation resembles some of the others
closely, and it is frequently difficult to differentiate them.

This formation is called Paso Robles, because it is the same as the
formation which spreads over the summit of the Temblor Range
south of Polonio Pass, the divide between the Antelope and Cholame
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valleys, and from there southward to the Palo Prieto Pass, and which
may be traced thence to Paso Robles in the Salinas Valley, where it
was named by H. W. Fairbanks.®

The formation in the type locality consists of a thickness of at least
1,000 feet of slightly coherent conglomerate, gravel, sand, and clay
in stratified deposits that have been locally tilted to moderate angles
and that lie unconformably upon the marine Pliocene and older forma-
tions. The formation is unfossiliferous and is believed by Fairbanks
to be of fresh-water origin.

Kettleman Hills.—The Paso Robles is completely exposed only in
the Kettleman Hills, and its occurrence there forms the basis .for
most of the disc_ussion given here. As shown on the map it occu-
pies an almost complete fringe around the hills, dipping steeply away
on the flanks of the anticline which exposes the Etchegoin beneath.
Throughout the Kettleman Hills the Etchegoin and Paso Robles are
apparently conformable, and in places, especially toward the north-
ern end of the hills, there are indications that a gradual change took -
place toward the end of the deposition of the former, that shallow-
water marine conditions gave way to brackish-water and this in turn .
- to fresh-water conditions. The upper Mya beds are constant at the

top of the Etchegoin and contain a fauna that with the possible excep- -
tion of one species, Littorina, is indicative of estuarine conditions.
And these beds,.in some places at least, grade into the fresh-water
beds above.

The thickness of the basal fossiliferous zone of the Paso Robles is

usually no more than 60 to 100 feet, although it is as much as 300

" feet on the southeastern side of the Kettleman Hills a few miles north-
east of Avenal Gap. The beds consist principally of fine-grained
earthy sand, very gypsiferous, and frequently containing many scat-
tered pebbles. The fossils are entirely fresh-water forms and occur
in places very thickly embedded. Along a part of the northeastern
side of the hills certain layers are so indurated as to form hard lime-
stone and to produce a ridge marking the contact between the Etch-
egoin and the Paso Robles formations. Associated with the fresh-

"water beds are abundant small bones that have not been identified.
They ate characteristic of this zone, but have been found also in
association with marine fossils in a bed many hundred feet below the
top of the Etchegoin. The only fossils found in the Paso Robles at
a higher horizon than the basal zone are noted in the second tabular
section below (p. 59). A few good specimens of these and many
fragments were found in two beds of coarse pebbly sand 15 feet apart
in the upper portion of the formation.

Above the basal zone the formation consists of a continuous unvaried

succession of alternating zones and beds of unconsolidated light-gray

« Geologic Atlas U. 8., San Luis folio (No. 101), U. 8. Geol. Survey, 1904.
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and yellowish fine sand, sandy clay, light and dark clay, coarse darker
gray sand, and gravel and bowlder beds, and occasionally interbedded
layers of hard sandstone. The whole series is gypsiferous. The beds
are usually fairly thick and massive and the bedding planes not very
pronounced, although in some places the strata are sharp and square
cut. Frequently the stratification and the dip appear more distinct
from a distance than from near at hand. Many of the coarse sand
and gravel deposits are roughly stratified and exhibit lenticular struc-
ture, grading within a short distance into finer deposits. In general,
the formation resembles very closely the recent alluvial deposits and
is almost indistinguishable from them except by means of the disturbed
position of its bedb

A marked feature of the gravel is the predomlnancc in it of sub-

angular fragments of hard whlte siliceous shale, derived presumably
from the shale either of the Tejon or of the‘Santa Margarita. This
shale is very resistant and lends itself remarkably to preservation in
younger deposits of gravel and débris. The other pebbles and bowl-
ders in the gravel beds of the Paso Robles are of many different Coast
- Range types of rock and have probably been derived chiefly from
the Diablo Range. Many of them are angular and have been sub-
jected to little wear before being deposited. Rocks of a granitic type
are very common, and the area also contains serpentine, porphyries
of different kinds, different varieties of basic igneous rocks, both fresh
and consldelably altered, jasper, qandqtonc, conglomerate, quartz,
schist, etc.

The lower beds of the Paso Robles in the Kettleman Hills are as a
rule not of very coarse material; although pebbles are scattered
through them. The first important zone of coarse gravel appears
several hundred feet above the base. It is associated with several
beds of hard sandstone, and in consequence shows a marked influence
on the topography, forming a hill on each of the lateral ridges descend-
ing from the summit to the valley. This zone probably occurs at a
slightly variable horizon, ranging from about 500 to 800 feet above
the base of the formation. It is in general higher toward the south
in the hills, and may thus indicate a thickening of the formation in
that direction. Above this zone occur various other prominent gravel
zones. .

The following columnar sections represent fairly well the character
of the formation in that part of the Coalinga district in which it is
most completely exposed. In each place the section was started at
the edge of Kettleman Hills, but beds were not found exposed for
about 700 feet into the hills away from the edge. In this border
area the beds almost certainly have a fairly steep dip, and it would be
conservative to add at least 150 feet to the total thickness given to
represent the summit beds there.
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The first section was made on' the southwest side of the hills, about
9 miles northwest of Avenal Gap, and is as follows:

Section of Paso Robles formation 9 miles northwest of Avenal Gap.

. Feet.
Mostly fine, earthy, drab and yellowish-gray, faintly bedded massive sand, *

with occasional roughly aggregated beds and lenses of pebbles and bowlders;

the stratification bedding is very apparent from a distance.................... 500
Similar beds of hard and compact straw-colored massive sandy clay, with part-

" ings of gypsiferous sandStone. ... . ... ..ieeet it 300
Similar clay interbedded with pure sand, gravelly sand, and sandstone layers,

with a hard sandsgone bed at base... .. . ... ...l 75

Compact, drab, gray, and straw-colored coarse and finesand. . ....... ... ... 200
Thin layersof gravel and coarse sands, with a howlder bed several feet thick at

hase...... e e e et 75

Pure fine sand si mll‘l,l to that above, with hard sandstone layers.............. 125
Mostly gravel, composed in large pfutoi fragments of hard, white, siliceous shale, -
interbedded with sand and sandy clay, zmd with hard sandstone beds at top
B TG T S P 75
Alternating beds, from a few inches to 1 or 2 feet thick, of loose and compact;
fine sand, roughly bedded slightly gritty clay, pebbly sand, gravel, and hard
usually purplish sandstone; some of the sand is speckled all over with inclu-

sions of hard, white siliceous shale, and the gravel is largely composed of it .. 225
Pure clay and sandy clay. ... i 75
Fine clay and sand at top, grading down to coarse sand and pebble and bowlder

beds at base; some fine drab sand forms hard, massive, roughly laminated heds. 75
Drab sand with some pebbles and with gravel and hard sandstone bedsat base.. 150
Sand and clay and a few hard qzmdstone beds. oo 375
Gravelly sand. .. ... oo i 100

Loose earthy sand full of pebbles, bowlders, and fragments of white siliceous
shale, and containing fresh-water shells, and bones; at the base is a sharp
change to the dark clay and upper Mye beds of the Etchegoin_............... 50

- 2,400

The following section was made on the southwestern flank of the
Kettleman Hills, along the Dudley-Lemoore road, which crosses about
4 miles northwest of Avenal Gap:

Section of Paso Robles formation along Dudley-Lemoore road.

Feet.
Massive 1- to 3-foot beds of well-compacted but not indurated fine sand, clayey
sand, clay, coarse sand, and gravelly sand, with several beds, many feet thick,
of coarse gravels and bowlders in the middle and at the base. Much gypsum
occurs in fine particles and as a filling in cracks, causing hardening in indi-
vidual beds and in spots. Some sand and gravel beds are lenticular. One
hundred feet below top are two coarse sand beds, 15 feet apart, conta.ining
Ostrea and Littorina, marine fossils........ ... ... .. ... 400
Yellowish-gray earthy sand, sandy clay, and clay in well-defined masswe beds
with some pebbly sand. ... ... . L., —e.. 650
Dark Clay . oo 75
Thick zone of pebbly sand.. ... .. . . . .. 150
Chiefly dark clay.....oooo . e 150
Yellowish-gray fine sand yielding whitish surface sand............... ... .... 75

Pebbly sand. ... 70
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Feet.
SaANAY Clay . £ e et i et 80
Chiefly fine gray sand, alternating with pd)bly sand, sandy clay, and chy, a
- thick zone of pebbles and bowlders occurs about 350 feet below the top :..... 1,100
Chiefly fine gypsiferous ashlike light-gray sand, with dark clay layers and many
large pebbles scattered through, but no prominent gravel beds; lower portion
is the fossiliferous fresh-water zone, but no fossils were here found; it overlies
dark clay and Mya beds at the top of the Etchegoin................. .. ... 350
3,100

Kreyenhagen and Jacalitos hills.—The Paso Robles beds dip under
the Kettleman Plain and reappear on the western arm of the syncline
along the border of the Kreyenhagen and Jacalitos hills. As in the
Kettleman Hills, the formation dips more steeply and exposes a much
greater thlckneqq toward the south, but here this difference is even
more pronounced. The beds have a dip of only a few degrees north-
west, of Zapato Creek and form a comparatively narrow belt to where
they are finally overlapped by the alluvial dep051ts of Pleasant Valley.
South of Canoas Creek the Paso Robles beds rise to extremely steep
dips, appearing almost overturned in places, and cover a wide belt.
They are, however, very poorly exposed. The formation here
consists of deposits similar to those in the Kettleman Hills, but the
basal fossiliferous beds have not heen found. The formation is
chiefly characterized by its heavy gravel deposits, which, contrary
to the rule in the Kettleman Hills, in places rests directly upon the
Etchegoin, forming high hills fronting the valley. 'This occurrence
of heavy bowlder deposits near the base has led to the theory that
possibly the fresh-water basal zone is lacking and that a higher
portion of the Paso Robles has overlapped upon the Etchegoin.
Northwest of Zapato Creek a distinct unconformity between the -
Paso Robles and the Etchegoin is shown to exist by the fact that the
gravel beds of the former overlap upon the Etchegoin and locally
cover up some of the higher beds of that formation. Southeast of
Big Tar Canyon the basal portion of the Paso Robles is sand and clay
and is marked by a zone of white nodular shale beds, interbedded with
sand, containing the strange bones mentioned before as occurring in
the fresh-water beds in the Kettleman Hills. The Etchegoin and
Paso Robles appear conformable in the southern part of the Kreyen-
hagen Hills. The latter has a thickness of at least 2,000 feet and
probably much more.

Guijarral Hills.—In the northern part of the Coalinga district the
Paso Roblgs is doubtless continuous beneath the valley floor but does
not appear exposed except in the Guijarral Hills, which are entirely
covered by deposits of coarse gravel of this formation, the name of
the hills being derived from this feature. The beds are almost hori-
zontal but appear to dip slightly toward Pleasant Valley and Pol-
vadero Gap, giving the surface of the hills the appearance of a plane
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inclined in those directions. The beds are exposed by the Coalinga
anticline and probably belong in the lower middle portion of the
formation. They may be traced northward on the east flank of
Anticline Ridge, but are throughout this region poorly exposed. The
contact with the underlying Etchegoin can not be definitely traced
nor the relations of the two formations determined.

Importance with relation to petrolewm.—The Paso Robles formation
does not come in contact with the oil-bearing formations and contains
no traces of oil. -Over most of the area in which it occurs it is sep-
arated by so great a thickness of deposits from the productive zones
that its mere presence is usually sufficient to indicate the inaccessi-
bility of the oil. Around the border of Pleasant Valley and on
Anticline Ridge and the Guijarral Hills, however, productive wells
may later be put down through this formation.

TERRACE DEPOSITS AND ALLUVIUM.

The later Pleistocene and .recent periods are represented by a
mantle of alluvium and terrace deposits covering the-floor of the
Great Valley and the large side valleys, and extending over the
bottom of most of the smaller valleys and canyons and the lower
slopes of the foothills. The larger areas of thése deposits are shown
on the map (PL. I, in pocket) in white. In the large valleys it is
probable that these deposits have a thickness of several hundred
feet, as the late period has been largely one of aggradation. Else-
where the deposits are merely superficial. All of the smaller valleys
show evidences of several terraces along their sides, these being
especially evident along Zapato Creek, where at least seven terraces
may be counted. Many of these terraces are covered with stream
gravel and sand. The greater portion of the whole region under
discussion is covered by surface soil and residual sand derived from
the soft formations. All of these comparatively recent deposits ate
similar in materials and appearance to the underlying formations and
are not easily distinguishable from them. They have the effect of
obscuring the main facts of the geology over large areas.

IGNEOUS ROCKS.

The only igneous rocks occurring within the Coalinga district .are
associated with the Franciscan formation. The Cretaceous, Ter-
tiary, and Quaternary formations were not affected by igneous
intrusions, and there is no evidence that there was volcanic activity
in this or the adjacent regions during these periods. The serpentine
that has already been mentioned as covering such a-wide region in
the heart of the Diablo Range originated as an intrusion -of basic
igneous rock into the Franciscan sedimentary formation before the
beginning of the period in which the Knoxville and Chico formations
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were laid down. Many different varieties of it occur, varying from
hard, little-altered peridotite, in which the constituent crystals are
~ well displayed, to much-metamorphosed and surficially altered ser-
pentine and related minerals.

Toward the head of White Creek a hill formed of a hard horn-
blende-bearing igneous rock seems to have been intrusive into the
serpentine. It is a soda-bearing syenite, of a variety heretofore
undescribed, and varies from an extremely fine-grained to a por-
phyritic facies in which there are large, perfect crystals of horn-
blende. The area of this rock as shown on the map is shghtly
exaggerated in size.

STRUCTURE.

“Some of the broad features of the structure of the Coalinga district
have been briefly touched on in .the preceding discussions of the
topography and geology. The structural axes and the general:
attitude and succession of the strata are outlined on the map (Pl. II),
and therefore merely a general review of the whole and the discussion
of certain particular points is necessary here.

CROSS STRUCTURES AND THEIR TOPOGRAPHIC INFLUENCE.

The structure of the Diablo Range is, broadly speaking, anticlinal,
and its eastern flank is composed of a great monocline of sedimentary
strata dipping toward the San Joaquin Valley. But the regularity
of this monocline is broken by its being thrown into a series of waves
and offsets by various important as well as minor plunging anticlinal
and synclinal folds, and by faults that run in various directions both
parallel with and oblique to the main structural trend of the moun-
tains. This main trend parallels the general course of the Sierra
Nevada, the Coast Ranges, and the coast in this portion of Cali-
fornia, and is approximately N. 35° W. to N. 40° W. The general
orientation of the secondary structural axes is considerably more to
the west of north than this. These show their influence prominently
in the topography by producing the oblique spurs and valleys dis-
cussed under the subject of the topography. The same features,
both topographic and structural, may be observed south of the
Coalinga district and also in the mountainous tracts west of it. It
is due to such structures that the Gabilan Range converges and
joins with the Diablo Range in the latitude of the Coalinga district;
and the various discontinuous spurs of the high and complex portion
of the Diablo Range, which are arranged in positions en échelon with
one another, may be explained on the same basis. It would appear
therefore that the region has been subjected to two main sets of
compressional forces, the one set acting on a line running roughly
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N.50°E. and the other set being along & line running N. 20° to 30° E.,
making a counter-clockwise angle toward the north of about 20° to
30° with the former set.

PERIODS OF MOVEMENT AND THE EFFECT ON FORMATIONS OF DIFFERENT
AGES.

A large part, if not the major part, of the movement that has
resulted in the disturbance of the Tertiary beds in this region, and
of the Cretaceous beds over considerable areas in which they were
not previously greatly disturbed, took place in Pleistocene time
after the deposition of the Paso Robles (Pliocene—Pleistocene) forma-
tion. This feature of the history of the region is indicated by the

“fact that the later Tertiary and early Pleistocene formations. appeal
to have been disturbed almost as much as the older ones, and in
some places as much as the Cretaceous beds. An example Of this is
found in the beds exposed in the Coalinga anticline, which dip gently
and would hardly appear to have been folded at all previous to the
time in which the Etchegoin (Pliocene) beds were tilted on the same
anticline to the vertical position. It i1s certain that important
movements were taking place during Cretaceous and Tertiary time,
notably at the close of the Tejon (Eocene) period of deposition, when
the beds of that age were uplifted and greatly disturbed before the
subsidence that allowed the deposition of the Vaqueros (lower
Miocene) beds on their eroded surface, and also at the close of the
Vaqueros period. The fact that all the formations from the Creta-
ceous to the lower Pleistocene appear in places to be conformable in
dip, and that at least the Miocene, Pliocene, and later deposits almost
invariably appear so, indicates that the whole series was affected as
one during the Pleistocene by extraordinarily severe disturbances.

In the Tertiary formations the land movements have resulted
chiefly in folding rather than in faulting. The strata of these forma-
tions are everywhere tilted at angles ranging from a few degrees to
the vertical and are locally ovextu]ned but evidences of faulting -
are by no means as frequent. The o]de1 formatlons on the other -
hand, are much faulted as well as folded, and many faults occur in
them that have not been mapped. The Knoxville-Chico (Cretaceous)
rocks exposed along Los Gatos Creek afford an excellent example of
the very great number of large and small faults occurring along a
fault zone such as that which determines the position of this old
valley. . i

It has been pointed out in the description of the formations how
they vary in thickness within short distances. This variability is a
characteristic feature of the geology of the region. -In the post-
Eocene formations it may be explained on the theory that the gradual
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subsidence which took place during the different periods progressed
more rapidly toward the south than it did in the northern part of the
Coalinga district, where the shore line must have been near, and that
the periods of land conditions interrupting the progress of sedimenta-
tion were more prolonged and frequent in the northern region.
- The number of mutually unconformable formations present in the
Coalinga district proves that the region was unidergoing almost con-
tinuous movements. The unconformities are rarely very apparent
at the contact between the formations, and the fact of the existence
of unconformable relations is usually to be made out only from a
detailed study (1) of the areal distribution of the formations, which
gives a clue to the presence of overlaps, and (2) of the fossils, which
indicate time breaks. The evident angular unconformities are be-
tween the Vaqueros (lower Miocene) and Tejon (Eocene) at various
localities, between the Tejon and the older Cretaceous shale at points
on Reef Ridge, between the Vaqueros and Cretaceous in the Alcalde
Hills and on Juniper Ridge, between the Santa Margarita (upper
middle Miocene) and Vaqueros where the Castle Mountain fault zone
crosses Reef Ridge; between the Santa Margarita and Tejon at the
same point and also at the San Joaquin coal mine, and between the
Santa Margarita and Cretaceous along the north and east sides of
McLure Valley. Somewhat more doubtful is the apparent discrep-
ancy between the Paso Robles (Pliocene-Pleistocene) and Etchegoin
(upper Miocene) north of Zapato Creek. Elsewhere the formations,
even those profoundly distinct in age, generally appear conformable
in dip: '

Overlaps of all of the Tertiary formations, except the Paso Robles,
upon the Cretaceous occur within the Coalinga district, thus proving
their mutual unconformity. Except in the overlap of the Etchegoin
on White Creek and of the Vaqueros in the Alcalde Hills over the
upper Cretaceous (Chico) sandstone these overlaps take place over
the lower portion of the rocks mapped as Knoxville-Chico. The
variability of the formations in original areal extent and in thickness,
lithologic character, and structure within small areas gives an indica-
tion of the local activity of the disturbing forces which have continued
to act within this region.

MAIN LINES OF STRUCTURE.

Coalinga anticline and syncline.—Among the individual features of
the structure in the Coalinga district the Coalinga anticline is next
in importance to the general monocline on the eastern face of the
Diablo Range. This anticline is one of the principal oblique struc-
tures of the range. It forms Joaquin Ridge and plunges toward the
valley, exposing in turn the Franciscan formation at the head of
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Joaquin Ridge and all of the subsequent formations. The synclinal
axis of its plunge occurs at Polvadero Gap, beyond which it is un-
doubtedly continued by the anticline plunging in the opposite
direction, which causes the beds to dome up into the Kettleman
Hills. At the southern end of these hills, about a mile south of the
area mapped, the anticline does not plunge beneath the surface of the
valley again as might be expected by analogy. On the contrary,it
exposes a fairly low portion of the Etchegoin formation and the hills
are left incomplete, their cessation being due to erosional removal
rather than to structure, as at the northern end. The Lost Hills,
which are situated within 10 miles south of the edge of the area
shown on the map, have not as yet been studied, but it is a probable
supposition that they are due to a continuation of the Coalinga anti-
cline. The length of this within the district is 60 miles. Its principal
features are its alternating plunges in different directions; its curving
course, indicating a complexity in the forces which have acted upon
it; its asymmetry, and its broad summit and steep flanks. The steep
dips on its southwestern flank north of Coalinga, as compared with
the gently dipping summit and northeastern flank, are very pro-
nounced. Similar asymmetry is observable in the northern part of the
Kettleman Hills, although the divergence in dip on the two flanks is
not so great, the usual maximum dip being 35° to 45° on the south-
west and 25° to 31° on the northeast. The Coalinga syncline is the
parallel supplementary feature and forms the topographic depression
of Pleasant Valley and Kettleman Plain. Like the anticline, it
plunges southeastward from Joaquin Ridge and rises again opposite
the Kettleman Hills. West of Oil City it dies out in low dips on the
flank of the anticline.

The folds and faults forming the other main spurs of the Diablo
Range in this district have already been mentioned in the discussion
of the topography.

Los Gatos and White Creek basins.—The structure in the basin of
Los Gatos and White creeks between Joaquin and Juniper ridges is
peculiar and complicated. A broadly folded anticline of Cretaceous
beds with a locally sharp axis plunges southwest and northeast off
the flanks of these two ridges toward the lower part of Los Gatos
Creek, where it is crossed by a broad syncline plunging both north-
westward into the axis of the White Creek basin and southeastward
into Pleasant Valley. The syncline becomes sharply defined and
regular along White Creek where it incloses a remnant of Etcliegoin.
Toward Pleasant Valley it broadens out to form part of the general
monocline dipping toward the axis of the Coalinga syncline. A com-
plicated set of faults occurs along Los Gatos Creek, where the upper
sandstone of the Cretaceous (Chico) near the axis of the syncline on

52332—DBull. 357—08——>
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its southwestern side is faulted down into contact with the older
Cretaceous shale beds on the southwest side of the main fault line.
The movement has been in the nature of a flattening of the axis of
the syncline toward its head, resulting in the formation of branch
faults on the downthrow side and greater and greater throw in the
successive blocks toward the southeast. Many small faults occur
that have not been shown on the map, and there are doubtless other
large ones that have not been observed. The basin of Los Gatos
and White creeks has probably been an axis of movement along
which successive disturbances have taken place during a long period.
~ Alcalde Canyon.—Another old zone of movement is represented by -
the southeastern face of Curry Mountain and the lower part of
Alcalde Canyon from Alcalde toward Pleasant Valley, and possibly
likewise out across the Valley toward Polvadero Gap. The region
north of this zone has had in some respects a different history from
that to the south, and it is difficult to correlate the features of the
geology in the regions so separated. To the south the formations
have a far greater thickness, the upper sandstone (Chico) portion
of the Knoxville-Chico rocks is lacking, the shales of the Santa
Margarita(?) appear and gradually thicken and are only doubtfully
to be correlated with the Santa Margarita formation to the north,
and a great thickening of the Paso Robles formation is steeply tllted
and well exposed.

Jacalitos Hills.—Between Alcalde and Reef Ridge there is a
depressed area occupied by comparatively low, rolling hills that
represents the structural continuation of the old synclinal basin of
Waltham Valley. The syncline of that valley plunges toward the
southeast and dies out just within the area mapped on the general
monocline dipping away from Reef Ridge. This monocline is regular
except for some low, broad, plunging folds that throw it into undula-
tions northwest of Zapato Creek, among them being the Jacalitos
anticline and syncline. = A noteworthy feature of the Jacalitos anti- -
cline is that it plunges in both directions into the flank of the Jaca-
litos syncline. .

Castle Mountain fault zone. ——The main structural features of the
southwestern part of the territory mapped are the Castle Mountain
fault zone, Pyramid Hills anticline, Avenal syncline, and Diablo
anticline. The Castle Mountain is a very important and complicated
zone of faulting that affected the Vaqueros and older formations.
The downthrown side is on the northeast. Faulting along the same
zone is the cause of the prominent scarp of Castle Mountain, farther
west. Within the area mapped the movement took place probably
before the beginning of Tertiary time, leaving the fault scarp as the
shore line during the Tejon (Eocene) and Vaqueros (lower Miocene)



GEOLOGY. 4 ' 67

epochs The fault is not-exposed éast of Reef Ridge because covered
by the later formations. The lowest of these, the Santa Margarita,
is only very slightly wrinkled at this point, showing that practically
all movement along this part of the Castle Mountain fault ceased
before the upper Middle Miocene.

Pyramid Hills anticline.—The Castle Mountain fault zone is the
locus of an important anticlinal fold that was formed during the
Pleistocene long after the cessation of fault movement along the
eastern portion of the zonme. The Santa Margarita and younger
formations have been worn off over the summit of the fold and the
rocks exposed along this uncovered axis belong in part to the
Knoxville-Chico, but some strange varieties differing from any
- observed elsewhere occur and have not been identified as belonging
to any known formation. The disturbance of the pre-Santa Margarita
rocks has been so great that the axis of the anticline is not easﬂy
traceable within the faulted zone. To the southeast the general zone
of faulting gives place along a divergent axis to an overturned anti-
cline in the Knoxville-Chico rocks, and this is traceable into a regular,
sharp fold covered by the shale of the Santa Margarita. This is the
anticline forming the prominent ridge of the Pyramid Hills and the
northeastward-tilted monocline of Reef Ridge and the Kreyenhagen
Hills.

Avenal syncline.—On its southwest flank the Pyramid Hills anti-
cline dips down into the Avenal syncline, which determines the posi-
tion of McLure Valley. North of Avenal Creek this syncline is an
extremely sharp fold, overturned and much disturbed beyond the
area mapped, but gradually plunging and becoming shallower toward
McLure Valley. A

Diablo antichine.—Southwest of the valley the beds rise again steeply
on the flank of the Diablo anticline, which is a steep fold plunging
rapidly toward the southeast and forming Avenal Ridge, the end of
the Diablo Range. Its axis was once overarched by the Santa
Margarita and later formations, but is now denuded of these forma-
tions and exposes greatly disturbed Knoxville-Chico rocks. This
anticline is one of the main axial folds of the Diablo Range.

CHARACTER OF THE FOLDS AND FAULTS.

The structural features in this region are almost invariably plunging
and curving. Most of them represent important and continuous - -
structural lines along which movements of locally variable amount and
direction have taken place. The anticlines are as a rulé asymmetric
elongated domes, the summits being broad and the dips increasingly
steep away from the axis, but having varying limits of angle on the
two sides and at different points along the longitudinal extent of the
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fold. The synclines have a reciprocal character. Several of the
anticlines, notably the Coalinga, Jacalitos, and Pyramid Hills anti-
clines, are so formed that an axis may be traced on one or the other
flank along which is a marked steepening of the dip away from the
summit of the fold. This indicates an inclined position for the main
axis of the fold. An overturn occurs in the inclined axis of the
Coalinga anticline at one point along Oil Canyon, and overturns
- occur likewise along the Pyramid Hills anticline, the Avenal syncline,
and on the northeastern flank of the Diablo anticline. An important
feature of the structure of the district is that the northern portion of
the axis of the Coalinga anticline and the axis of the Jacalitos anticline
lean toward each other, the former toward the southwest and the
latter toward the northeast, as if due to a compressional force from
the two sides toward the Coalinga syncline. The Pyramid Hills
anticline is analogous in this respect to the Coalinga anticline north-
east of Pleasant Valley, and seems to be opposed in a similar way
across McLure Valley by a contrary thrust in the Diablo anticline.
The two latter folds have, however, not been studied in detail.

In regard to the character of the faults in this region little can be
said, owing to the fact that the areas of older rocks in which they
chiefly occur were examined only in a reconnaissance way. In the
case of the Los Gatos Creek and Castle Mountain fault zones the
planes of movement have been many and the resultant downthrow
in each case is on the northeast.

THE OIL.
OCCURRENCE.

The petroleum in the Coalinga district occurs in four different for-
mations, the Tejon (Eocene), Vaqueros (lower Miocene), Santa Mar-
garita (upper middle Miocene), and Jacalitos (upper Miocene). In
the first the oil is thought to be primary—that is, it is believed to
have originated in the formation; in all of the others it is secondary—
that is, it has come into them from some outside source since their
formation.

OIL ZONES.

Geologic position.—Within each of the formations are one or more -
oil-bearing zones, consisting either of more or less extensive layers of
- sand or gravel, which can be traced in a general way over large areas,
or of local lenses of the same materials. The oil sands in the Tejon
(Eocene) will be referred to collectively as the Tejon oil zone; those
in the lower part of the Vaqueros as the lowest Vaqueros zone, or
zone D; those in the middle Vaqueros (Eastside field light-oil sands)
as the light-oil zone, or zone C; those in the upper Vaqueros (first
sand) in the fields northeast of Los Gatos Creek and in the lower
Jacalitos in the Westside field south of Los Gatos Creek as zone B;
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and those in the Jacalitos in the Westside field above the productive
basal beds of that formation as zone A. The top of zone B is shown
in contour on PL. II. With the exception of those in the lowest zone
in the Vaqueros (zone D) the oil sands are known to consist in many
places of more or less local beds or lenses showing abrupt differ-
ences in thickness, composition, grain, and hardness from well to
well, often with a puzzling diversity in gravity of product within
short distances. Zone D, as would be expected of the basal portion
of a widely spread formation, partakes of the same general character-
istics throughout nearly its entire range within the district—that is,
it is usually coarse gravel at the base, with somewhat finer gravel or
very coarse sand above this, and finally medium-grained sand. The
productive beds in the other zones vary from medium ﬁne-grzuned
to coarse pebbly sand or even gravel.

Tejon, 0il zone.—The sandstones underlying the shale of the Tejon
“(Eocene) formation or interbedded with its basal members contain
commercial quantities of oil on the Coalinga anticline in the Oil City
field, and also at several points on the flanks of the great steep-
dipping. monocline in the Kreyenhagen field. Many oil seepages
occur along the outcrops of these sands, and it was the inducement
offered by these seepages in the Oil City region that led to the drill-
ing of the test wells from which the present district has been devel-
oped. The oil in the Tejon is usually of light gravity, about 33° to
34° B., and greenish in color. The thickness of the productive sands
is ordinarily between 15 and 60 feet, and the yields are light, 4 to
75 barrels per well per day being the normal extremes of production,
although the initial flow of one of the Oil City wells is said to have
been 700 barrels per day.

Vaqueros oil zones.—The principal oil-bearing formation in the
Coalinga district is the Vaqueros or lower Miocene. It yields prac-
tically all of the oil in the Eastside field, a considerable part of that
from the Westside field, and is thought to contain commercially
important quantities in the Kreyenhagen field and in the region of
the Kettleman IHills. The total distance penetrated through this
formation by the wells in the Eastside field is about 700 feet, and in
the Westside between 300 and 500 feet. The actual productive
sands of course occupy only a relatively small space in this column,
usually less than 150 feet in the Eastside and less than 100 feet in
the Westside. - Three zones are recognized in this formation, the low-
est, or zone D, the middle, or zone C (productive only in certain
parts of the Eastside field, where it yields oil up to 31° B. in gravity),
and zone B, recognized as Vaqueros, in the Eastside field and in the
northern part of the Westside field. The oil from the Vaqueros
varies in gravity from 14° to 22° in the Westside and from 14° to 31°
in the Eastside. It is black or dark brown and the production
averages between 100 and 200 barrels per well per day. One well
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in the Eastside field is now flowing 3,000 barrels .of oil per day, and
an initial yield of 7,000 barrels in eighteen hours was recorded for
another well in the same field, but these figures are unusual.

Santa Margarita oil zone.—A stratum of sand carrying character-
istic fossils of the Santa Margarita formation immediately overlies
the Tejon in the region of the San Joaquin coal mine in the Westside
field, but is so closely associated with lithologically similar beds of
the Jacalitos in the same vicinity that it has been mapped and dis-
cussed with them as zone B. The persistent stratum of fine blue
sandy shale found throughout the Eastside field and known locally
as the ‘‘Big Blue,”’ is arbitrarily placed in the Santa Margarita for-
mation. The ‘‘Big Blue” immediately overlies the uppermost
Vaqueros oil zone, zone B, the top of which is shown in contour on
the map (PL II).

Jacalitos oil zones (A and B).—The Jacalitos- (upper Miocene)
formation is productive throughout the Westside field, except at the
extreme southern and northern ends and in those wells distant over
a mile or so from the outcrop of the sands. In other words, the
formation is commercially oil' bearing wherever it rests upon or is
relatively near to the Tejon formation, the source of the oil.

Two oil zones are recognized in the Jacalitos, the lower, or zone B,
which is the productive zone over the southwestern part of the West-
side field, and zone A, situated some 200 feet above zone B, which
carries tar sands or poorly saturated oil sands. The two zones are
generally separated by sulphur water—the ‘‘big sulphur ’’—although
the most persistent sulphur water in the northern end of the West-
side field overlies zone A. Northward in the Westside field the
productive sands of zone B are found lower and lower in the series
of beds until in the northern end the oil is believed to come from
beds in the uppermost Vaqueros, just below the base of the upper
Miocene (either Santa Margarita or Jacalitos).

ACCUMULATION OF THE OIL.

The influence of structure on the accumulation of the petroleum
varies somewhat for different parts of the field, the variation being
‘due, it is believed, to the presence or absence of water beneath the
oil zones in the various areas. In general the oil in the Tejon (Eocene)
is accompanied by water in the underlying beds, and possibly also in
the oil sands far down on the dip; under these circumstances the
anticlinal theory ¢ of accumulation seems to hold good. A modified

a The anticlinal theory of oil accumulation assumes that the oil, being of less specific gravity, rises
-above the water present in porous rocks and coliects at the highest possible points in upward folds,
heing there confined by impervious strata arching over the folds. The presence of water, according
to this theory, is considered as fundamentally necessary for.the carrying out of the process of accumu-
lation in anticlines. For a fuller discussion of this subject see Arnold, R., and Anderson, R., Geology
and oil resources of the Santa Maria oil district, Santa Barbara County, Cal.: Bull. U. 8. Geol.
Survey No, 322, 1907, pp. 71 et seq. .
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form of the same.theory is apparently applicable to certain mono-
clines, in which water is associated with oil, such as those in the
Westside and Kreyenhagen fields, where, instead of impervious beds
overlying the porous sands, the residual tar or heavy hydrocarbons
left upon evaporation of the lighter substances originally in the con-
tained petroleum seal the outcrops and hinder or prevent the escape
of the oil from below. ‘

Where no water exists in or is associated with an oil zone, as, for
instance, in the deeper portions of the Westside field and in by far the
greater part of the Eastside field, structure apparently plays but a
minor part in the accumulation of the oil, the presence or absence of
the petroleum in the porous strata of the zone apparently depending
entirely upon the presence or absence of the oil-yielding shales of the
Tejon (Eocene) below or near to the beds in question. If the Tejon

is present under any particular sand or zone, then the abundance or
scarcity of the oil depends largely on (1) the proximity of the par-
ticular sand to the Tejon; (2) the state of disturbance of the under-
lying shale of the Tejon, or its relative position (whether unconform-
able or conformable) to the overlying beds; (3) the degree of porosity
and grain of the sands of the zone; and (4) the effectiveness of the
barriers hindering the escape of the hydrocarbons (oil and gas) from
the oil sands.

Within the tested terrltory of the Coalinga district it has been
found that the areas of Miocene sediments (either Vaqueros, Santa
Margarita, or Jacalitos), immediately underlain by the shales of the
Tejon, are oil bearing; that the productiveness of these beds varies
roughly inversely with their distance from the Tejon; and that the
productiveness is greatest where the Tejon occupies a position of
angular unconformity with the Miocene sands or is more or less dis-.
turbed, as near the axis of an anticline such as the Coalinga anticline.

GRAVITY OF THE OIL.

The gravity of the petroleurn at any point in any particular bed is.
apparently influenced chiefly by (1) the original composition: of the
oil; (2) the thickness and composmon of the media through which it
has migrated and in which it is detained; (3) its presentor past
association with water; and (4) its present dlsta,nce from the outcrop
of the oil-bearing zone or its depth below the surface, etc. - Little
definite information is now available concerning the effect of many
of these factors. It seems in general, however, that the oil loses in
gravity by migration either upward through various strata or along
a particular bed; that it loses on association with water; that within
certain limits it decreases in gravity up the dip, owing, probably, to
proximity to the surface, with its accompanying facilities for the
escape of certain of the hydrocarbons; and that, other things being
equal, the finer the grain of the containing reservoir the better the oil
will retain its original quahty



72 , COALINGA OIL DISTRICT, CALIFORNIA.

RELATIONS OF WATER TO OIL.

The most important problem next to that of the actual occurrence
of the petroleum in any field is the relation of the water sands to the
sands containing the oil. One or more sands carrying water are
almost invariably encountered above the Miocene oil zones in the
wells of the Coalinga district. The continuity of these sands can
seldom be traced far, and they are believed to be for the most part
disconnected lenses rather than far-reaching beds. An examination
of the surface outcrops leads to the same conclusion. The contents
of these upper water sands is believed to be surface or secondary
water—that is, water which has percolated into them since they were
tilted into their present .position and their edges exposed. This
secondary water is seldom under much head, although in a few
instances it has been known to flow with considerable energy.

One of the most persistent layers or zones of water is the one
termed the ‘‘Big Sulphur,” a malodorous blackish fluid met with in
or above zone A in the Westside field north of Los Gatos Creek, and
between zones A and B south of Los Gatos Creek. No productive
oil sands are found above this sulphur-water sand, although one or
more tar sands are sometimes found; it may therefore be considered
the limit of the upward migration of the oil, at least in commercial
quantities. A similar and fully as persistent zone of sulphur water
is encountered immediately above the second oil zone, zone C, over a
large part of the Eastside field. The sulphur content of these waters
probably bears an intimate relation to the oil, for in all of the seep-
ages in this field where the oil is accompanied by water the latter is
heavily charged with sulphur. However, not all of the sulphur
springs in the region contain oil, so that there is a possibility of the
sulphur even in this particular sand having an origin independent of -
the petroleum. : '

In all of the wells in the Westside field in which the Jacalitos or
upper Miocene oil zone (zone B) can be recognized the latter is
immediately underlain by a stratum of water. For various reasons
it is thought that in this case also the water is secondary and has
come into the formation since the passage of the oil from the Tejon
(Eocene) into the Miocene. With the exception of a very limited
area in the Eastside field no water has so far been reported from be-
low the lowest Vaqueros oil zone (zone D), which indicates almost
conclusively that water was not the elevating force for the oil of
zone Dj; it also strengthens the conclusion that the water in the
higher zones is surface water that has percolated from the outcrops
in the local catchment basin, rather than primary water, that has
been in the beds since their deposition, or water that has come up
from below under hydrostatic pressure.
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ORIGIN OF THE OIL.

As to the origin of the oil in the Coalinga district, it can be stated
unequivocally that it comes from the shales of the Tejon (Eocene)
formation; and it is believed that it is derived from the organic
material in them. These shales are composed largely of the tests or
~ shells of diatoms and Foraminifera, and a smaller number of other
organisms, in such abundance as to fully warrant the assumption. that
the animal and vegetable material that must have been contained in
them when deposited was adequate for furnishing a quantity of
. hydrocarbons and other compounds more than equivalent to the
quantity of petroleum found in this field. The shales of the Tejon
are everywhere petroliferous, their interbedded sands productively
so, and wherever overlain by sediments these also are petroliferous.
Furthermore, the relative productivity of these overlying beds varies
inversely with their distance from the Tejon. If the shales of the
Tejon were simply the medium of migration for the oil from below,
the shales of the subjacent Knoxville-Chico (Cretaceous) would also
be expected to serve as such, for they are lower down stratigraphically
and are apparently of proper consistency (clayey shale) for migration
by diffusion. We would also expect to find them charged with oil,
their interbedded sandstones productive, and the Miocene overlying
them containing at least as much, if not more, oil than the same for-
mations overlying the Tejon. But these postulated conditions con-
cerning the Knoxville-Chico (Cretaceous) do not exist. The Creta-
ceous shales and sands have been examined carefully in outcrop, and
wells have been drilled into them in several places, but practically
no indications of petroleum were found. The Miocene (Vaqueros,
Jacalitos, and Etchegoin) sands overlying the Cretaceous in a position
analogous to that of the Miocene overlying the Tejon (Eocene) yield
oil only when situated comparatively near the Cretaceous-Iocene
contact. This is most significant, indicating that the Cretaceous did
not yield the oil, but that the latter, as would be expected, after
passing from the Eocene into the Miocene has migrated for a short
distance along the strata of the latter out over Cretaceous beds.
Other negative evidence pointing to the origin of the oil in the Tejon
is presented by the fact that there are no faults of consequence within
the productive area along which migrations from depths could have
taken place. '
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"THE OIL FIELDS.
SUBDIVISIONS.

For convenience of discussion the Coalinga district has been roughly
divided into five fields or regions, and these into lesser subdivisions or
areas. The major subdivisions are as follows: (1) The Oil City field, -
lying in Oil Canyon near the north end of the district; (2) the East-
side field, embracing the territory northeast of Oil Canyon and includ-
ing Anticline Ridge; (3) the Westside field, extending southeastward
from Oil Canyon as far as Alcalde Canyon; (4) the Kreyenhagen
field, which includes the Jacalitos and Kreyenhagen hills, Reef Ridge,
and the territory southward to the Kings County—Kern County
boundary; and (5) the region of the Kettleman Hills, extending
from the Guijarral Hills southward to the gap separating the Ket-
tleman from the Lost Hills.

CONTOUR MAP,
EXPLANATION.

The contour map of the Coalinga field (PL. II) shows the structure,
boundaries of the more important geologic formations, and. certain
culture, such as towns, section lines, and a few roads. The structure -
in the productive territory is indicated by contours showing the dis-
tance above (marked by a plus) or below (marked by a minus) sea
level of the base of the “Big Blue” or top of zone B in the Eastside
field and of the top of zone B'in the Westside field. The contour
interval is 100 feet. By means of this map the direction and amount
of dip of the strata in the oil-bearing formation may be calculated
for any point in the field, and the depth to the various productive
sands or zones may be approximated for most parts of the territory. .

USE OF THE MAP.

Suppose it is desired to find the probable depth below the surface
of the first productive sand at the middle of the north line of SE. }
sec. 24, T. 20 S., R. 14’ E. "An examination of the map will show
that this point lies approximately on the underground contour line
marked “—500;" that is, the top of zone B is here about 500 féeet

"below sea level. A close approximation of the elevation of the point
may be had by looking up the elevation for the nearest derrick (see
list, p. 128), which happens to be Claremont No. 4, elevation 792 feet,
and calculating the difference in elevation, say 22 feet lower, either
by the eye or with an aneroid barometer. The distance from the
surface to the top of the oil zone mentioned would, therefore, be
500 feet plus the 770 feet, or approximately 1,270 feet. As zone B
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is the uppermost productive zone for this part of the field, the depth -.
desired is 1,270 feet.

Again, suppose it is desired to find the depth to the main com-
mercially productive zone at the center of sec. 5, T. 20 S., R. 15 E.
Proceeding as before, it is found that the depth of the uppermost
zone is about 1,460 feet below sea level and that the elevation of the
point is about 950 feet above sea level, or that the top of the upper-
most zone is about 2,410 feet below the surface. It will be found,
however, by reading over the text referring to this part of the field
that the most productive zone is zone D, which lies from 300 to 450
feet below the top of the upper productive zone (zone B) in this
region. Therefore the distance to the top of the commercially pro-
ductive zone will be 2,410 feet plus 300 to 450 feet, or between 2,710
and 2,860 feet.

Suppose it is desired to find the dip or pitch of the beds in the
NW. % sec. 23, T. 19 S, R. 15 E. An examination of the contours -
shows that the beds are pitching a little east of southeast (or striking
a little north of northeast), and.that the dip is about 850 feet for
half a mile, or about 32.5 feet per hundred feet at right angles to the
strike. The south and east components of this dip may be calcu-
lated by measuring in these directions instead of directly down the
dip of the beds, which is always at richt angles to the direction taken

-by the contours.

BASIS. OF THE CONTOUR MAP.

The section lines and other culture are the result of instrument
work by E. P. Davis, of the Geological Survey. The log of nearly
every well in the field that was either finished or down any consid- -
erable distance on April 1, 1908, was used in the determination of
the underground structure and the compilation of the data concern-
ing the oil zones. All of the obtainable surface evidence of dip,
" strike, and occurrence of petroleum was also used in the preparation

of thls map. In those places where the surface and well-log evidence
~ were at variance the latter was usually followed. In unsymmetrical
features like the Coahnga anticline and Coalinga syncline the plane
of the axis of the fold is not vertical, and, therefore, the anticline as
indicated by the contours showing the underground position of cer-
tain zones will not lie directly under the trace of the same anticline
or syncline on the surface.

.DIFFICULTIES OF PREPARATIO‘N’AND' DEGREE OF ACCURACY.

After carefully plotting all of the logs on a uniform scale it was
found ‘that the greatest obstacle to overcome in the preparation of
the contour map was the correlation of the strata from one well to
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-another and from one part of the field to another. The difficulties
of such correlations are doubtless familiar to anyone who has tried
to work out the underground structure of any of the Californk fields.
It must be said, however that the structure in the Coaling&#istrict
is more regular and the condltlons more favorable for a strécessful
study and mapping of the underground geology than they ai#in any
of the other California fields so far examined by the seniof*iuthor,
" not excepting the Santa Maria field, which was studied in 1906 and
of which an underground-contour map was prepared.2 The effort
has been made to delineate on the present map all of the details of
structure consistent with the use of the well logs as confidential infor-
mation, and to supplement these details by showing for the untested
areas what seem to be most likely the conditions of underground
structure. Within the untested areas the underground contours are
of course only hypothetical and are shown by broken lines. '

Regarding the degree of accuracy it may be stated that the exact
elevations of practically all of the wells in the field were used in the
preparation of the map. The well logs are assumed to be accurate
to the usual degree—that is, ordinarily to the length of one ““screw,”
or about 5 feet. The factor of error for the developed territory is
therefore small, but will necessarily increase with the distance away
from the drilled ground. . Future development will add much to the
knowledge of this field, and will show the inaccuracies of the contour-
ing as here presented, but it is hoped that the benefits which may
accrue to the operators from a knowledge of the general structure of
the field will compensate in a measure for the errors in detail which
are to be expected in a map based on incomplete data.

DETAILS OF THE PRODUCTIVE AREAS.

OIL CITY FIELD.
LOCATION.

The Oil City field occupies the territory of the southern part of sec.
17 and the northern part of sec. 20, T. 19 S., R. 15 E. Conditions in’
the territory immediately south of Oil City in the southern part of
sec. 20, which has been tested but found to be poorly productive, will
also be discussed with the Oil City field. The Coalinga Oil Company
and the Home Oil Company are the only producers now operating in
the Oil City field.

GEOLOGY AND STRUCTURE.

The Oil City field is situated within the belt of shale and inter-
bedded or underlying sands of the Tejon (Eocene) formation, the oil
being obtained from the last-mentioned beds. The proved productive

aBull. U. 8. Geol. Survey No. 322, L. X.
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ground occupies the same general relation to the plunging Coalinga
anticline as the productive territory farther southeast in sec. 28; it
is on the more gently inclined or northeastern flank of thefold. Sur-
~ face dips of 50° to 90° and even overturned dips occur throughout
the area along the southwestern limb of the anticline, while a surface
dip ofd2° is the maximum for the northeastern limb. The well logs
indicate a relatively constant dip of about 26° (42 to 44 feet per hun-
dred feet) southeastward down the axis of the anticline and a rela-
tively slightly steeper dip in the beds 1mmed1ately north of it in the
productive territory.

GEOLOGY OF THE WELLS.

The wells in the productive area all start in the brown shale of the
Tejon (ocene), and continue in brown, black, and blue shale to the
bottoms except where they pass through the oil sand. From one to
three sands are penetrated. The first is from 4 to 15 feet thick and
yields the lightest oil, said to run as high as 40° B.; gas is also reported
from the ﬁrst sand in other wells, and in still others it is dry. The
second and third sands comprise a zone 60 to 100 feet thick; in some
of the wells this is petroliferous throughout almost its entire distance,
while in others the two sands are separated, the upper usually run-
ning from 15 to 20 feet thick and the lower from 40 to 60 feet.

A section of the second and third sand in the productive area is as
follows: ,

Section 6[ second and third oil sands, O3l City area.

Hard sand. ... e 4

Soft pay sand.......... ... e 15
Very hard sand. ... oo et 6
Alternating hard and pay sands. ... ... ... oLl et 47
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All of the sands are comparatively fine grained. The oil usually
comes from the softer-sands and the lower sand is generally the most
productive, although it is entirely unproductive in some of the wells.
The wells vary in depth from 300 feet to nearly 1,700 feet, and the
productive zone is reached at depths varying from about 250 to 1,500
feet. -

The southern part of sec. 20, T. 19 S., R. 15 E., has been rather
thoroughly tested and, though most of the wells have yielded more
or less oil, they were not deemed profitable enough to warrant con-
tinuous operation. The following log of a typical well in the aban-
doned territory shows the general character of the Tejon formation.
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Log of Phoeniz Oil Company’s well No. 3, in SE. } sec. 20, 1. 19 8., R. 15 E.¢

. Feet.

Pinkshale. .. ..o 300
Sand with water. .. .. ... e 330
‘Dark-colored shale. ... ... ... .. 420
Sand with sulphur water and oil............... e 440
Dark-colored shale........... S 500
White clay shale. .. ... ... i 520
Oil 8and. oo 535
Shale. .. oo 540
White shale. .. ... i 560
Oil sand. ... e i 575

This well is said to have yielded 50 to 60 barrels of black heavy
oil (10° to 12° B.) for a short time. This low gravity is accounted
for by the disturbed condition of the strata which the well penetrated,
it being located directly on the anticline and just above an oil seepage
in the canyon. '

Well No. 2 of the Phoenix Oil Company, located about 300 feet
west of No. 3, struck the sand at a less depth, but yielded less oil.
No. 1 went to 1,300 feet, but being southwest of the anticline never
produced. The above log and the conditions described are charac-
teristic of most of the test wells put down in this area.

Following are descriptions of the wells that have been put down
here south of Oil City: "

Biue Goose Oil Company’s well No. 1; E. 3 NE. $sec. 20. Depth, 2,200 feet through
brown and blue shale. No oil, but much water. Abandoned. :

California Oil and Gas Company’s well No. 1; SE. % sec. 19. Formation, principally
shale. Abandoned. Same company has well in SW. } sec. 20, also abandoned.

Crescent Oil Company’s well No. 1; SE. % sec. 20. Depth, 900 feet. Little oil at
770 feet. Gravity, 11° B.

Mutual Oil Company’s well No. 1; SE. } sec. 20. Depth, 1,800 feet. Abandoned.

New York Oil Company’s well No. 1; SW. 1 sec. 20. Depth, 1,000 feet, all in
brown shale. No oil. Abandoned. Well No. 2. Depth, 2,200 feet, in brown shale
with few hard sand layers. No oil. Abandoned.

Selma Oil Company’s well No. 1; SE. }sec.20. Depth,1,742feet. Little oil sand.

Zenith Oil Company’s well No. 1; SE.  sec. 20. Depth, 2,380 feet. A little oil
sand at 1,735 feet yielding 10 barrels a day of amber-colored oil, 38° to 42° B. gravity.
Later it was drilled deeper and struck a large quantity of salt water which rose to
within 300 feet of the top of the hole. The oil sand in this well is probably the
same as the uppermost sand in the productive Oil City area. The occurrence of salt
water below this is suggestive of bottom or edge water for the Tejon (Eocene) lower
oil sands. Well No. 2, same as Selma No. 1 (?). .

PRODUCT.

The production of the wells in the Oil City area varies from the
figure for the initial output -of one well, said to have been 700 barrels
of oil per day for a short time, to the daily run of certain others,

a Watts, W. L., Oil and gas yielding formations of California: Bull. Cal. State Min. Bureau, No. 19,
1900, p. 140,
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which now will average not more than 4 barrels & day. In several
wells the oil is said to have flowed over the top of the derrick when
the oil sand was first penetrated, as a result of gas pressure, which
soon subsided. All of the wells have to be pumped after a short
initial period of spontaneous flow. The average daily production
at present is about 20 barrels per well. The average normal rate
of decrease per well for the field, disregarding the rapid decrease
from the initial production, has been between 15 and 20 per cent
per year since 1900. The productiveness of the wells increases
down the nose of the anticline toward the southeast, especially near
the axis of the flexure. - This is shown by the fact that well No. 3
of the Home Oil Company (the original Blue Goose well) and No. 7
of the Coalinga Oil Company have been among the best producers
in the group.

The grav1ty of the oil varies from 48° Baumé, oil of which gravity
occurs only in small amounts, being reported to come from the
uppermost sand in some of the wells (5 gallons of 48° oil from one
well, it is said), to the usual run, which tests between 33° and 34°
Baumé.. There is apparently little variation in gravity between the
wells up or down the dip or along the strike. The oil is greenish to
brownish in color and shows little viscosity.

" EASTSIDE FIELD.
PEERLESS-CALIFORNIA DIAMOND-T. C. AREA.

LOCATION.

This area comprises that part of the Eastside field which includes
the northeastern portion of sec. 21 and the northern part of secs. 22,
23, and 24, extending to the line between Tps 18 and 19 south at
the northem end of the district. The companies operating in this
area are the Coalinga Peerless, Octave California Diamond, Lorene,

T. C., Wm. Graham, Impenal Bowling Green, and Callforma 011-
ﬁelds, Litd.

GEOLOGY OF THE WELLS.

All of the wells in this area start down either in the Santa Mar-
garita or Jacalitos formations (upper Miocene) between the top of
the ““Big Blue” and the base of the Etchegoin. They all reach, and
some of them entirely penetrate, the Vaqueros (lower Mlocene)
formation, which includes the oil-bearing zones, B, C, and D, of this
part of the field. The variation in the beds penetrated is quite
rapid, as is indicated by the logs, and, with the exception of the
‘“Big Blue,” it is seldom possihle to trace a singlé stratum for more
than one-eighth or one-fourth mile.

The map (Pl. IT) indicates by contours the distance of the base
of the “Big Blue” above or below sea level. The ‘“Big Blue”
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varies in thickness in the wells—if the distance penetrated be counted
as equivalent to the thickness—from about 260 feet at the western
edge of the area to over 350 feet in deeper wells toward the east.
In fact, one of the deep wells disclosed a continuous shale formation
for about 640 feet, but it is not believed that this entire thickness
is included in the “Big Blue” farther west. One of the unique -
characteristics of the “Big Blue” for this area, and also for nearly
the whole of the rest of the Eastside field, is the red-shale layers
which are found at various points interbedded with the blue variety.
The red shales are well shown in outcrop in secs. 3 and 10, T. 19 S.,
R. 15 E., where owing to their peculiar tints they may be seen for
a distance of several miles. The red shale consists almost entirely
of comminuted serpentine, which is naturally green but is turned
red by the oxidation of the iron, of which serpentine contains a rela-
tively high per cent. The red shale appears prominently on the
sumps, where it forms brilliant coatings as the material is dumped
from the bailers.

Water sands from 20 to 175 feet thick are found just above the
“Big Blue” from the western part of the NW. 1 sec. 22 eastward to
the deepest wells. Lenses of water sand are also reported in the
““Big Blue” from the middle of sec. 14 eastward.

Seashells are another characteristic of the logs of this part of the
area. They occur from about 120 feet above the ‘‘Big Blue” in the
Peerless area to 230 feet above it in the wells in sec. 12. Some of
the deeper wells also show a layer of seashells about 530 feet above
the ‘“Big Blue.”

A more or less persistent zone of sulphur sands occurs from 20 to
180 feet above the first productive zone, zone B, but is not reported
in all the wells. Sulphur water also occurs below the productive
sands in two of the wells only, while certain of the Peerless wells are
said to yield no water whatever. These facts clearly indicate that
the water occurs in more or less isolated lenses of sand, similar, in
a general way, to the lenses carrying the oil.

Between the base of the ‘“Big Blue” and the first productive oil
sand (zone C) there is about 350 feet of dry sand, shells, and, just
above the oil sand; some blue or brown clay or shale layers. These
last are often interbedded with dry or poorly saturated oil sands (zone
B, in part). The thickness of the strata intervening between the
“Big Blue” and the top of zone C reaches 450 feet in the deeper wells
farther east down the dip.

Very little regularity exists in the oil zones, as is shown by the well
logs. The productive beds (zones C and D) consist of alternating
coarse sands, fine gravels, blue and brown shale and shells, with coarse
gravel at the base of zone D. The productive measures are usually
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about 225 feet.thick, measuring from the top of the first productive
sand to the brown Eocene shale of the Tejon formation, and though
they comprise both zones C and D, a separation of the two is not
possible in many of the wells. The total thickness in the wells from
the base of the “Big Blue” to the brown shale of the Tejon is a little -
“over 600 feet.

Various names have been applied to certain individual sands that
have been traced for short distances throughout this area. Among
these is the “Sauer Dough’’ sand, which is the uppermost sand in
some of the wells along the western edge of sec. 22. It is usually
about 10 feet thick. About 40 feet below the ‘“Sauer Dough” is a
40-foot sand known as the “Pulaski.” A careful comparison of the
logs in the area shows that these two sands, and others also to which
local names have been given, are not traceable for any great distance,
although the names have been applied to various strata in wells over
other parts of the Eastside field.

PRODUCT.

Nearly all of the wells in this area have been drilled since 1904, so
that data concerning decrease in production are rather meager. The
production of the wells varies from about 25 to something like 700
barrels, the production increasing down the dip, other things being
equal. The T. C. well in sec. 22 is said to yield about 400 barrels a
day, which is believed to be a fair initial average of what would be
encountered over most of the area in properly handled wells 1,500
feet or more in depth. The average production for the wells in the
area is about 125 barrels a day. The yield depends largely on the
handling of the well, for holes going down under practically the same
conditions give quite different results under various managements.
* One well which had an initial production of 200 barrels now yields only
20 to 25 barrels a day. This decrease is probably due not entirely to
natural causes but to a sanding up of the hole. The gravity of the
product from this area varies from 18° to 24° B. So many sands are
perforated that it is usually impossible to tell the gravity of oil from
any particular one. However, the uppermost important productive
zone (top of zone C) in the area is believed to yield oil between 20°
and 21° B. gravity. The next sand, say about 80 feet below the first,
yields 24° B. gravity, or possibly slightly better, while the lowest sand
(base of zone D), which rests directly on the shales of the Tejon, pro-
duces oil of 18° or 20° B. gravity.

Some of the wells yield a little water with the oil, and it is claimed
by some drillers that this water comes from the oil sands, but it is the
belief of the writers that in nearly every instance the water has leaked
in from the surrounding water sands and is not obtained directly
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" from the oil sands. Relatively little sand is yielded by the wells after
the initial period of production, but much trouble has been encoun-
tered in some of the deeper wells owing to the gas pressure forcing the
sand in from the bottom.  Gas accompanies the oil in all of the wells
and is also encountered alone in isolated pockets, many of which are
above the productive zones. Other conditions being the same the
greater gas pressure occurs in the deeper wells. i

TECHNOLOGY.

The best success in shutting off the water in this area has been in
landing the casing in a blue shale just below the sulphur-sand zone.
Surface waters are shut off above this with a larger casing, but the
purity of the oil depends entirely upon the careful handling of the
lower waters immediately overlying the oil sands.

STANDARD-CARIBOU-CALIFORNIA MONARCH AREA.
LOCATION.

~ This area covers the northeastern portion of sec. 27, the southern

part of secs. 22, 23, and 24, all of secs. 25 and 26, and the northern
part of secs. 35 and 36. The following companies operate in this
area: California Oilfields (Ltd.), the Standard, Caribou, Associated,

Twenty-Two, Record, Pittsburg, and Boston & California.
: GEOLOGY OF THE WELLS.

The wells in this area, as in the area farther north, start down in
the Santa Margarita and Jacalitos (upper Miocene) sands and shales
between the top of the “Big Blue” and the basal Etchegoin. In the
area where secs. 21, 22, 27, and 28 meet, the ‘“‘Big Blue” is about
220 feet thick in the wells, increasing toward the eastern limit of the
productive territory to about 320 feet. Red shales are reported inter-

“bedded in the “Big Blue” in nearly all of the wells throughout the
area, apparently thickening and becoming relatively more prominent
in the deeper wells toward .the east and north. Some white and
light-blue shale layers also occur in the same zone, and in the western
part of the area gray and brown dry sands are encountered above it.
"From a point a short distance west of the middle of the line separating
secs. 22 and 27 the same sands contain water at various distances
above the shale. ‘

All of the strata from the base of the “Big Blue” to the top of the
Tejon (Eocene), embracing a distance in the wells of from 620 feet to
over 800 feet, are more or less petroliferous throughout this area.
Three oil zones may be defined within these limits. The first zone
(zone B, the top of which is shown on Pl. IT) begins immediately at -
the base of the “Big Blue” and is from 100 to 180 feet thick, the
greater thickness occurring in the deeper wells. In the western part
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of the area zone B consists of dry sands, dry oil sands, or poorly satu-
rated oil or tar sands; farther east it is commercially productive in
some of the deeper wells but, not in all. Where productive, as in the
western part of sec. 26, the gravity of the oil in zone B is about
14° to 16°. Below zone B and between it and zone C the strata are
largely shale and dry sand.

The second and third zones (zones C and D) are closely related, the
second being the uppermost important producer over most of the
area. Zone C consists of medium-grained sand yielding light-gravity
oil (24° B., or better), is about 100 feet thick, and begins about 400
to 480 feet below the base of the “Big Blue”” There are usually from
1 to 4 productive sands in this zone. The lowest productive zone
(zone D) rests directly on the shales of the Tejon (Eocene), is very

coarse, consisting of pebbly sand or fine gravel, and is usually the
best producer as regards quantlty, although the oil is of but 20° to
23° B. gravity. -

Sulphur water overlies zone B in the area north of a line drawn
south of Caribou Nos. 11 and 10. Fossil shells are reported at the
base of the “Big Blue” in some of the wells, while in others, as in the
" region farther north, they occur about 450 feet above the baso of the
“Big Blue.” The sea shells in some of the Caribou wells are found
just above the oil sand and associated with it.

PRODUCT.

Most of the wells in this area also have been begun since 1904, so
that figures for decrease in production are meager. All of the pro-
ductive sands in many of the wells are perforated so that it is often
impossible to tell the production or gravity of any one sand. How-
ever, the general features of variation are known and will be indicated.
The variation in the initial production in the wells is from about 150
to 1,600 barrels a day, and the average production at present is about
400 barrels. The best producers, as a rule, are among the deeper
wells, although-for one which is well up on the dip (SE. 1 sec. 21) an
initial yield of 1,500 to 1,600 barrels a day is reported. This well
obtained 200 barrels a day from the upper sands, but was lowered
into the deeper sands, where it made its phenomenal record. Besides
the one mentioned there are at least two other wells in the area that
have produced more than 1,000 barrels a day. The average decrease
. in production for three years has varied from about 20 to 40 per cent,

but some wells are said to have held out much better than this.

The gravity of the oil in this area varies from 16° to about 24°
Baumé. The heavy oil comes from the upper sands (zone B), which
“are usually more productive in the deeper wells. A well in the W.
1 sec. 26 is said to have yielded 600 barrels of 15° or 16° oil from zone
B when first drilled. The middle zone (zone C) produces oil of about
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24°, while the lower, coarser, but generally more productive sands
(zone D) yleld oil of 21° to 22° B.

Gas occurs in practically all of the wells. In some of them there
is sulphur, but most of them yield a good quality free from this
element. The influence of one well on the pressure in another is often
very marked. A certain well, for instance, dropped off more than
'25 per cent 1n production when another well within 300 feet of 1t was
brought in. :

STANDARD-CALIFORNIA OILFIELDS (SEC. 27) AREA.
LOCATION.

This area includes the eastern part of sec. 28 and the western part
of sec. 27 excluding the portion along the southern line of sec. 27.
The Standard and the California Oilfields, Litd., are the only com-
panies operating in this area.

GEOLOGY OF THE WELLS.

All of the wells start down in the Santa Margarita (upper middle
Miocene) and Jacalitos (upper Miocene) formations (above the top
of the ‘“Big Blue” and below the base of the Etchegoin), which
usually include alternating sands and shales with occasional water
sands. These water sands as a general rule are in the form of lenses
and can seldom be traced in the wells for more than an eighth cf a
mile.

The ““Big Blue’’ maintains a pretty uniform thickness of about 250
to 300 feet throughout practically the whole of this territory. In the
wells along the middle of the line between secs. 27 and 28, there is a
fairly persistent stratum of water sand immediately overlying the  Big
Blue.” There are other water sands above this lowest one in some
of the wells, but none that can be traced far. An interesting stratum
encountered in the wells beginning in the vicinity of the California
QOilfields, sec. 27, No. 20, and extending down into the northern part
of sec. 34, 1s known as the “St. Paul sand.” It lies. about 830 feet
above the base of the ‘“Big Blue,” or from about 150 to 600 feet
below the surface. Itisabout 30 feet thick and is hard, but is believed
by some of the operators to be capable of yielding commercial quan-’
tities of oil, though, so far as known, it has never been thoroughly
tested. This occurrence is rather puzzling, as there are no other oil
sands within several hundred feet of it, and the origin of its petroleum
is difficult to explain.

The oil-bearing formation in the area under discussion extends
from the base of the ““Big Blue” for about 655 feet, as measured in
the wells, down to the top of the brown shale of the Tejon (Eocene).
This distance between the base of the “Big Blue”” and the brown shale
is apparently regular over that part of the area which has been tested.
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The wells in the deep territory have not penetrated the entire thick-
ness of the oil sands, so that the exact thickness of the sands is not
known for wells far down on the dip. .

Three zones are recognizable in this series of productive beds. The
first (zone B) occurs at the base of the ‘‘Big Blue,” is about 15 to 20
feet thick, and yields from 30 to 50 barrels of 21° oil in the shallower
wells.

The second (zone C) is about 300 feet, below the top of the ‘‘Big
Blue,” has a thickness of 60 feet, and produces daily from 100 to over
1,000 barrels of 22° to 24° oil per well. A group of wellsin the middle
of the western part of sec. 27 and in the eastern part of sec. 28 produce
oil of from 25° to 31° B., the initial production of the wells varying
from 125 to 1,900 barrels per day. The oil from zone C, in this local
_area of unusually light oil, is kept separate in most of the wells, but

whether or not all of the yield from the big producers in this light-oil
area comes from zone C is not known. The sands in this light-oil
zone are finer grained than those in the zone above or the zone below.

The third oil zone (zone D) consists of coarse, pebbly sands and fine
gravels, and extends practically from the top of the brown shale of
the Tejon upward for over 100 feet. Oil-bearing sands are found at
practically all horizons in one well or another from the base of zone C
to the top of zone D, so that a separation of the two is necessarily
more or less arbitrary.

PRODUCT.

The wells in this area have all been drilled since 1902. The product
of those wells deriving their supply from the upper sands (zone B)
varies from 30 to 50 barrels a day of 21° B. oil. The middle zone
(zone C) yields from 125 to 1,900 barrels per well a day, the gravity
ranging from 24° to 31° B:  One well which had an initial production
of 1,900 barrels a day in 1904 dropped to 1,300 barrels a day after
one and one-half years. Several of the wells yield on an average
300 to 400 barrels a day, while another group averages but 125 barrels
of 26° B. oil.  The third zone (zone D) yields oil of 22° to 23° B. It is
the best producer, as far as quantity goes, in this part of the field.
The better gravity and greater production in this particular area is
believed to be due to the position of the wells adjacent to the axis of
the anticline, where the Focene shales (Tejon), from which the oil is
derived, are much more fractured, and where, in conséquence of this
fracturing, the oil is permitted to migrate more easily and with less loss
in quality into the overlying porous sands. The concentration of the
oil within the Tejon, previous to its emigration, was also doubtless
accentuated along the anticline by the action of the water which
occurs associated with or immediately underlying the oil sands in the
Tejon.
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The presence of the light oil in the finer sediments is believed to be
due to the fact that the lighter hydrocarbons can escape more easily
from coarser reservoirs than from fine-grained ones, so that, when
once charged with the oil, the finer-grained sands allow it to maintain
its original quality more perfectly than a coarse sand would. As
would be expected, the production under the same pressure is con-
siderably less in finer sediments than it is in coarse sands, but the
length of productivity is consequently greater in the former than in
the latter. :

CALIFORNIA OILFIELDS (SEC. 34)-COALINGA-MOHAWK AREA.

LOCATION.

This area comprises the whole of secs. 34 and 35, T. 19 S., R. 15 E.,
and secs. 1, 2, 3, 4, 11, and 12, T. 20 S., R. 15 E. The California
Oilfields, Litd., the Southern Pacific, W. K., Turner, Claremont, and
Coalinga-Mohawk are the companies operating in this territory.

GEOLOGY OF THE WELLS.

As in the other areas described, the base of the ‘“Big Blue” is the
horizon shown by the contours on the map (Pl. II). The wells in
the northern part of the area start down in the Jacalitos (upper
Miocene) beds immediately underlying the base of the Etchegoin.
Those south of the line marking the base of the Etchegoin start in
the sands or clays of that formation. The ‘“Big Blue” in the wells
of this area varies from 250 feet in thickness in the northwestern
portion to about 380 feet at the southwestern border. The peculiar
red, green, and light-blue facies of the shale that are characteristic
of the ““Big Blue” in the deeper wells farther north are also found
in the deep wells in portions of this area. In the northwestern por-

tion water sands appear to be interbedded at the base of the “Big
Blue,” as are also some tar and dry oil sands, with occasional gas
pockets. There .are also other water sands in the deeper wells, an
especially persistent zone occupymg a position about 600 to 800 feet
" above the base of the ‘‘Big Blue” in the wells in the southern part
of the area. Some of the water in this zone is said to contain appre-
ciable amounts of sulphur. 4

The ‘“St. Paul sand,” described in the last area, also occurs in
the northern part of this territory, where it is encountered in prac-
~ tically all of the wells, in none of which, so far as the writers are
aware, has it ever been tested. Those wells which have been put
down to the brown shale of the Tejon (Eocene) indicate that the
formation between the base of the “Big Blue’ and this shale has
practically the same thickness of 650 feet or thereabouts that it has
in the region to the north. The whole of this distance is occupied
by alternating sandstones and shales, which are more or less pro-
ductive in t 5 various wells. The rélations existing between the
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various oil sands in this area are not well known, but it is believed
that the sequence of zones, including B, C, and D, is similar to that
in the area last described. A 10-foot oil sand carrying 17° B. oil
occurs at the base of the ‘“Big Blue,” probably corresponding to
the one which yields a 16° B. or heavier oil in sec. 26, and which
has been correlated with zone B. One hundred feet below the “Big -
Blue” the second sand, possibly zone C, is penetrated, this being
productive through about 20 to 25 feet. ~About 400 feet still farther
down is the third zone (zone D), which is believed to rest upon
the Eocene shale (Tejon). A thin layer of sulphur water is reported
in some of the wells just above this third zone, but enough blue or
brown shale intervenes to allow complete shuttlng off of the water
before reaching the productive zone.

PRODUCT. =

The wells in this area are only two or three years old, but since
their inception they have maintained a reputation as the biggest
producers in the field. The oil in these wells is usually accompanied
by large quantities of gas under strong pressure. As an instance
of their unusual productiveness, it is said that one well in the north- -
" -ern part of sec. 34 yielded about 7,000 barrels of oil in eighteen
hours.. In ejecting this large amount of fluid from the hole the
casing was practically all torn out. This well is now producing but
150 barrels' a day, which indicates that the great production was
due to the extremely high gas pressure. Another well near the
center of the southern part of sec. 27 is said to have yielded 4,500
barrels of oil a day for some little time. This well is now believed
to yield about 3,000 barrels a day. The gravity of the oil from
these big producers is between 23° and 24° B.

Another well in the northern part of sec. 34 yielded on an average
about 1,000 barrels a day for over ten months. Still others of these
wells ran from 600 -to 800 barrels a day. One well, which yielded
26° B. oil as long as it flowed, now yields a mixture of 23° B. oil
when it is pumped. This implies that the lighter oil is probably
under the greater gas pressure, and when this pressure is removed,
the heavy oil either forces back the lighter fluid or allows only a
small percentage of it to enter the well. The lower zones (zones C
and D) in one well are said to yield a stratum of 29° B. oil at the top,
22° B. in the middle, and 26° at the base, with an average of about 28°.

STANDARD-STOCKHOLDERS-HANFORD AREA.
LOCATION.

This area comprises all of sec. 28, except the extreme eastern edge,
which is described in a previous section (p. 84). The Standard,
Hanford, and Stockholders oil companies-are the only operators.
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GEOLOGY OF THE WELLS.

The “Big Blue” in this territory varies from about 200 to 230
feet thick in the wells. A layer of water sand is found just above
it in the eastern part of the area, and in one or two instances lenses
of water sand have been reported as occurring in the ‘“Big Blue”
itself. The oil strata extend intermittently from the base of the
“Big Blue” for about 655 feet to the brown shale of the Tejon
(Eocene). The first 400 feet of the productive measures consists of
alternating gas sands, oil sands, dry sands, and tar sands interbedded
with shales and clays, and has been correlated with zone B, although
it is believed to comprise not only the zone B of the areas toward
the east, but the strata to the top of zone C. In the northwestern
part of the area this upper zone is more or less productive, some of
the wells which produced from it alone yielding from 10 to 30 barrels
per day of 20° B. oil.

One or two persistent layers of water sand occur from 50 to 100 feet
above the base of zone B, or above the top of the second or light-oil
zone (zone C). Enough blue or brown shale intervenes between
this water sand and the productive beds below to permit shutting
it off. Big oyster shells are reported in some of the wells just above
the second zone, these probably coming from the same layer as that
“yielding the oysters in the Vaqueros formatlon on Laval grade. Zone C
consists largely of fine sand from 20 to 60 feet thlck and yields oil
of about 21° to 22° B. gravity. The third zone, or zone B, consists
of coarse sand to gravel and begins about 100 feet above the brown
shale of the Tejon (Eocene). It is productive throughout its entire
depth, and yields more than any other of the zones in this group of
wells. The daily production varies from 40 to 300 barrels per well
of 18° to 22° B. oil.

Toward the axis of the anticline which bounds the present devel-
oped territory on the southwest the strata are more or less irregular,
on account of the steep dips which are developed by this profound
fold. The logs of the wells along the axis are quite irregular and
indicate variable conditions in both the dip and the productiveness
of the beds. Water is also more troublesome in these wells, owing,
it is believed, to the disturbed conditions of the elsewhere imper-
vious beds that surround the water sands. There is very little gas
in the sands toward the western edge of this area.

PRODUCT.

The wells in the area under discussion are the oldest in the Coalinga
district except those in the Oil City area, and many of them have
produced continuously since their inception. The first zone (zone B)
yields up to 30 barrels per day of 20° to 22° B. oil; the second (zone C)
yields a somewhat lighter-oil, from 21° to possibly 23° B. and the
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third (zone D) produces as high as 300 barrels of 18° to 22° oil.
Some of the wells yield sand from the lower productive beds and
water is also mixed with the oil in some of the wells in the broken
formation near the axis of the anticline. . In none of the wells in
this area is the water believed to come from the bottom of the oil zone.

WESTSIDE FIELD. °
CALL-CONFIDENCE AREA.

LOCATION.

This area is located in the southwest corner of T. 19 S., R. 15 E,,
and comprises the territory controlled by the following companies:
The California Oilfields, Ltd., the Call, Keystone, Ajax, American
Petroleum, ZAtna Petroleum, Commermal Petroleum, California Dia-
mond, Main State (formerly the Guthrey), California Monarch, Confi-
dence, and Kern Trading and Oil. The wells are located on the
southeastward-dipping monocline of the Westside field at a point
where the strike of the beds begins to bend from northeastward to
eastward around the axis of the Coalinga syncline.

GEOLOGY OF THE WELLS. -

All of the wells start down in the soft shales, sandstones, or gravels
of the basal Etchegoin or in the upper Miocene beds immediately
underlying this. Toward the western part of the area the wells ap-
parently penetrate only through the upper Miocene formations. On
the western side, thatis, in the deeper wells of the Call, California Oil-
fields, Litd., and Commercial Petroleum, the wells apparently reach
sands in the lower Miocene (zone D) that are lacking or have not
been reached in the wells in the western part of the area.

Zone B, the depth of which below the surface is indicated by con-
tours on the map (Pl II, in pocket), will first be described. Toward
the western part of the area it contains the productive sands and is
found from about 650 to 1,050 feet below the surface. The oil in
this zone is apparently under considerable gas pressure, for in nearly
all of the wells, even the shallower ones, the oil rises a considerable
distance in the casing when the sand is first penetrated. The sand
in the shallower wells varies from 10 to 20 feet in thickness, thicken-
ing toward the northeast from the region of the Kern Trading and Oil
territory. The sand is medium gralned to coarse and soft, and the
wells producing from it yield large quantities of sand with the oil,
especially at first. Some of the sha,llower wells have been known to
flow when first brought in. Farther east, in the vicinity of the eastern
Confidence wells and those of the Main State or Guthrey leases, the
zone is apparently irregular and some of the logs of the wells, although
reporting a production from the horizon at which the sands are found
farther up on the dip, do not mention the thickness of the sands within
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the zone. Guthrey No. 1, which was the biggest gusher of this part
of the field, might be mentioned as an illustration of the irregularity.
The behavior of this well was quite unusual and the exact location
of the sand producing the gas and oil which flowed so strongly at first
is doubtful. Enough sand was ejected from this well to cover the
derrick floor and the surroundmg ground over 6 feet deep.

In the deeper wells zone B is apparently represented by two sands
‘which are separated in some instances by a waxy clay. The total
thickness of the sand in these wells runs as high as 50 feet. Still
farther down the dip, or in the deepest wells in the area, zone B ap-
parently becomes unproductive, although it yields evidences of gas
and petroleum in small quantities. In one of the wells this zone was
pumped for three weeks, but the operators concluded that there was
water in it and abandoned their efforts.

About 200 to 300 feet above zone B is a zone of tar sands (zone A),
which, as the name implies, are either dry or yield oil of heavy gravity.
These sands vary in number and thickness from well to well, although
the zone as a whole is fairly persistent over the entire area.. Sulphur
water occurs within zone A, usually at the base of the first tar sand,
and at some of the wells it is found at two horizons within the zone.
- The thickness of the tar sand varies from a minimum of 10 feet in
some of the moderately deep wells to nearly 100 feet or possibly more
in those farthest up on the dip. - Thicknesses approaching 100 feet
are also occasionally met. with in the deep-well area. ‘

About 200 feet above the zone of the tar sands (zone A) is a very
persistent stratum of water. This water is mineralized in all of the
wells and in some shows traces of sulphur. Above this water zone
are usually one or two other water sands, the first being only about
5 to 10 feet thick, but yielding considerable water. The second is
of less importance and is apparently lacking in many of the wells.

In the deeper wells toward the eastern part of the area the most
productive sands apparently lie below zone B and are believed to be
in part the equivalents of the lower Miocene sands (zones C and D)
which are the productive sands of the Eastside field. The exact rela-
tions of these zone D sands to the overlying ones are perplexing, but
it is believed that zone D does not extend westward past the middle
of the area under discussion,.although to the knowledge of the writers
no well has yet-been put down which passes entirely through the
strata overlying the Tejon (Eocene) in this part of the field. Some
of the wells have reached what they call the black or brown shale, but
it seems likely that these brown shales may be simply petroliferous
shales intercalated in the sands of the Vaqueros (lower Miocene).
This lower Miocene sand zone (zone D) lies from 100 to 300 feet below
zone B. Productive lenses are found at two or three points through-
out the zone, but no continuous oil sands have been definitely traced
between the wells.
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Taking the logs as a whole, they present the following features
in passing downward from the surface. TFirst, the incoherent soil
and gravel, then a thick series of dry gravels, sands, and shale or clay,
with occasional hard sandstone shells. The first water is encountered
usually between 240 and 500 feet. From this downward two and
sometimes three other waters are penetrated before reaching the tar
sand zone (zone A). The zone of the lower water sand or sands is
often marked by numerous hard sand shells. After passing through
zone A, which varies from a few feet to over 300 feet in thickness, a
200-foot, zone of blue shale is encountered. Below this occurs zone B
which is characterized by medium-grained to pebbly sands, brown
shales, and several well-defined shells. The shallower wells usually
stop at the base of this zone, but the deeper ones penetrate some shale
and sands from the bottom of zone B to the top of the third zone,
which includes zones C and D and is usually characterized by hard
- shells and medium-grained sands.

PRODUCT.

The production of the wells in this area varies from an initial output
of 20 to 50 barrels in the shallower wells to 3,000 or 4,000 barrels in
some of the deeper ones, such as Guthrey No. 1, whlch was a pro-
nounced gusher when first brought in. The dally average for these
wells runs somewhere between 100 and 200 barrels, but some of them
average as high as 300 to 350 barrels over long periods.

The gravity of the oil runs from 14° to nearly 20° B., the average
for the shallower wells being about 16°, and for the deeper wells some-
thing like 18°.  The best oil apparently comes from the middle zone
(zone B), which is believed to correspond in a general way with the
light-oil sands farther south in the Westside field.

MERCANTILE CRUDE-S. W. & B. AREA.
LOCATION.

This area comprises the southern part of the Kern Trading and Oil,
Confidence, California Monarch, and E. W. Risley leases on sec. 31,
T. 19 S, R. 15 E., the Fresno-San Francisco and the northern parts
of the Cypress and Pennsylvania-Coalinga properties in the north-
eastern part of sec. 1, T. 20 S.; R. 14 E., and the Mercantile Crude,
York-Coalinga, S: W & B, New San Fran(;lsco Crude, and the
northern half of Esperanza in sec 6, T.20 8., R. 15 E. The wells are
located on the southeast-sloping monochne which dominates the
structure of the whole Westside field.

GEOLOGY OF THE WELLS.

The wells in this area all start down in the basal Etchegoin (upper
Miocene) clays, sands, gravels, etc., and the Jacalitos (upper Miocene)
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beds immediately underlying these. Three more or less well-defined
petroliferous zones are developed in this area. The top of the
principal productive zone (zone B) is shown by contours on the map
(P1. II). In wells high up on the dip the sand in zone B is coarse,
and it usually contains pebbles the size of the thumb or sometimes
even larger. Both immediately above and below the most productive
‘part of the zone are sands in which the oil is of heavier gravity than
that in the most productive part. The reason for this variation in
‘gravity between sands so close together is not at present known, but
thie variation may be due, in part at least, to variation in grain of the
sands. Farther down the dip the sand becomes somewhat thicker,
but is still quite coarse and in some of the wells is characterized by
the presence of shark’s teeth. The coarseness of the sand and the
gas pressure are conducive to good productions, and it is not unusual
for wells at first to obtain as high as 300 or 400 barrels a day from this
one sand. In the deeper wells the zone apparently contains but one
sand, which is in most cases underlain by a more or less persistent
hard sandstone shell. The gravity of the oil in zone B runs about
17° B. and is apparently constant throughout the area. From 50 to
100 feet above zone B is a 100 to 200 foot zone (zone A) of tar sands
similar to those encountered in the wells toward the north. This tar
zone is thickest in the northwestern part of the area, where it consists
of from one to three dry oil sands or tar sands, which sometimes
contain heavy oil and occasionally water associated with the oil.
Eastward, or down the dip, the tar sand decreases rapidly in thick-
ness, until in the deepest wells in the area the tar zone is represented
by but one or two sands which never attain more than 10 or 20 feet
in thickness. Immediately overlying zone A is a persistent stratum
of sulphur water, which is encountered in practically all of the wells
in this area and is known in general under the name ‘‘big sulphur” or
‘““main sulphur.” Beneath this sulphur water in most of the wells is
a hard sand shell, which is apparently more or less persistent through-
out the area. Still another sulphur water is encountered a little
above the lower one in some of the wells, but does not appear to be as
persistent as the ‘“main sulphur.”

Below zone B in the deeper wells is still a third petrohferous zone
(zone D), which may correspond in part to the lowest zone in the area
immediately north. It is penetrated by but two or three wells and
its productiveness is more or less uncertain. In one log this lower
sand is mentioned as brown shale, although the same log shows that
the casing was perforated at this point, thus indicating that the
formation was oil bearing.

The water sands in the area are usuvally three or four in number,
the uppermost being encountered at irom 145 to about 375 feet in
depth. The first sand is apparently not so productive as the second,
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which yields plenty of water in many of the wells. Below the second..
sand s a third and sometimes even a fourth, before the sulphur sand,...

nnmechately overlying the tar zone, 1s encountered - b
Typical well log in Mercannlc Crude-S. W. & B. arca. Feot ¥
Surface soil.and incoherent sand and gravel, followed by harder shales, *
sandstone, and gravels. ... ... ... - 200
First watersand............. P 5- 20
[ T2 LR 504
Second water sand.
Shale, sometimes containing one or more water sands......... e 300
Gravel, more or less persistent stratum, apparently carrying water in several
of the wells, especially those nearest the outcrop.
) T2 (- 100
“Main sulphur” water................ e 5- 20
Tarsand (z2one A) ... .. e 100-200
Shale. .o 50-100
Productive sands (zone B) ... ... i 20~ 50
Shale, largely brown. ... .. .. ...l 50-200
/7703 1 1= T 20- 50

The depths of the wells in this area vary from about 1,000 feet to
over 1,700 feet.

PRODUCT.

The production varies from 12 barrels in the wells farthest west to
about 400 barrels in the deeper and more productive ones. Large
quantities of sand usually accompany the oil, especially in those wells
high up on the dip, and even:in some of those which penetrate the
sand at much greater depth. The gravity of the oil varies from about
13° to 174° B., the average for the area probably being about 16°.

ZIER-PORTER AND SCRIBNER-M. K. & T. AREA.

LOCATION.

- This area comprises the southern part of sec. 1, T. 20 S., R. 14 E.,
the southern part of the Esperanza property, sec. 6, T. 20S., R. 15 E.,
and theregionsinsec. 12, T. 20 S., R. 14 E., and secs. 7and 8, T. 20 S.,
R. 15 E. The companies operating in this area are the Zier, Ward,
Seneca, Cypress, Pennsylvania-Coalinga, Esperanza, Shawmut, Sec-
tion Seven, Coalinga Pacific, Porter and Scribner, Brix and Buntin
(B. & B.), California and New York, and M. K. & T. The wells are
located on the flanks of the southeast-dipping monocline which
governs the structure in the Westside field.

GEOLOGY OF THE WELLS.

The wells start down in the basal Etchegoin or the jmmediaté]‘y
underlying soft beds of the Jacalitos formation. Zone B, the one
shown in contour on the map (P1. IT), is at present the most important
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zone in this part of the field, and yields the greater part of the produc-
tion. In the western part of the area it varies from alternating sands
and shales to a single bed of coarse sand 25 feet thick. The gravity
of the oil from the zone in this part of thé area varies from 13° to 14° B.
Farther east and lower down on the dip the gravity of the product
from zone B is considerably higher, ranging from 17° to 18° B. The
beds yielding this lighter oil may possibly not be continuous with
those farther west which produce the oil of 14° B. gravity., On the
contrary, the sands yielding the latter may possibly be represented
in the eastern part of the area by the sands yielding 14° B. oil which
immediately underlie the 17° B. oil sand. The 17° B. oil sand is not
. fine grained, but is fairly coarse and in many of the wells contains -
shark’s teeth, as it does in the area farther north. -The zone, as indi-
cated by logs, varies in thickness from 7 to 60 feet in the central part
of the area. The production from a single sand in this zone ranges
from 40 or 50 barrels up to the daily maximum of about 200 barrels
per well. The light-oil sand appears to be missing in some of the
wells according to their logs, but it is believed that the formation is
represented in the well, but was overlooked by the driller while the
hole was full of water. In the deeper wells, toward the eastern end
of the area, zone B maintains the characteristics just described, vary-
ing in thickness from 8 to 30 feet, apparently being mixed with some
shale in the thicker portion.

As in the areas farther north, zone B thickens rapidly toward the
east until in the region of sec. 8, T. 20 S., R. 15 E., indications of
" petroleum are found throughout a vertical distance of over 1,100 feet.
Here zone B is believed to be represented by what is known as the
third or light-oil sand of the M. K. & T. wells, which lies several hun-
dred feet above the most productive sands in those holes, is medium
grained, nearly 100 feet thick, and is said to yield oil of 22° B. If zone
B is continuous, wells located between the Porter and Scribner and
M. K. & T. leases ought to show a gradation in gravity from 17° to 18°
B. in the former to the 22° B. oil in the latter, which is much farther
down the dip. This decrease in specific gravity (increase in degrees
Baumé) down the dip agrees with the mode of variation found in
most instances in the other California fields examined by the writers.

The. same tar-sand zone (zone A) is encountered above zone B in
this area as is found in the same portion throughout most of the
remainder of the Westside field. It varies in thickness from 20 or 30
feet to over 100 feet, being exceedingly irregular as reported in the
well logs, although it is on the whole believed to be thicker down the
- dip toward the east. The tar sands are usually intercalated with
shale and are often dry, but in some wells yield a small production of -
heavy oil of about 14° B. gravity or heavier. Prominent sandstone
shells are usually associated with the sands and shales of this zone,
some of these shells being traceable from well to well, and one in



THE OIL FIELDS. 95

particular, of considerable importance, has been called the ‘“Big
Shell.”

Below zone B and closely associated with it is a zone of 14° or 15° B.
oil. This zone (zone D) has been penetrated in some of the wells for
over 300 feet and found to consist of alternating sands and blue and
brown shales, the brown shales usually predominating. It is barely
possible that this lowest shale in the deepest wells is Tejon (Eocene),
but no proof of this is available. Zone D is probably equlvalent in
part to the lower Miocene sand of the Lucile well and the wells in the
Eastside field. In the deepest wells, which obtain most of their oil
- from zone D, the latter is always more productive than zone B.

Three or more water sands are usually encountered in the wells in
this area. In the shallower wells and even in some of the deeper ones
the water sand is met at depths of less than 200 feet. Below this
first layer and ,separated from it by about 400 feet-of shale is usually
‘the second sand, but in some of the wells within this distance minor
beds carrying water are encountered Below the second main water
sand and immediately overlying the tar zone (zone A) is a rather
persistent stratum of sulphur water reported in most but not all of
the wells. It is more commonly found in the deeper holes and may
be represented. in the wells toward the western part of the area and
higher up on the dip by certain members of the tar-sand zone. If this
be so, it is interesting as showing that the hydrocarbons in the tar
sand have been forced upward by the sulphur water which fills up
this particular porous stratum, presumably under hydrostatic pres—
sure.

Typical well log-in Zier-Porter and Scribner-M. K. & T. areas.

Feet,

Surface clay and sand withalittlegravel ;... . . . .o . . ... 200
Water sand. .. ..o e, 20- 40
Blue shale. ....ooonien et .. 350 -
Water sand or water gravel ... .. .. . . . ...l - 40
Sulphur water sand (main sulphur) .................... e 30-50 -
Blue shale or shells.. ... .. . . 10- 20
Alternating tar sands (zone A) and shale with 50 or more feet of shale and shell

at the bottom . .. ... ... 200
Productive 17° or 18° B. oil sand (zone B)............oooiiiiiiiiii... 10- 60
Alternating oil sands and blue and brown shales, including zone D.......... 300

PRODUCT.

_ The production of the individual wells in this area varies from 40
or 50 barrels to a maximum of about 300 barrels per day. The gravity
of the oil in those wells in the western part of the area, well up on the
dip, is about 12° to 14° B., while in the deeper wells, producing from
the light-oil sand, an average of about 17° or 18° B. oil is obtained.
The deepest well in the area, the M. K. & T., is said to yield oil of
about 163° B. This oil is believed to come from zone D, in the
Vaqueros (lower Miocene) formation.



96 COALINGA OIL DISTRICT, CALIFORNIA.

ASSOCIATED-CALEDONIAN-UNION AREA.
I

LOCATION,

The area described under this heading embraces the region from
the Union lease in sec. 13, T. 20 S., R. 14 E., southward to the southern
part of sec. 36 in the same township and range. It includes well No.
5 and all other Associated wells farther north in sec. 36; also the
properties of the Kern Trading and Oil, Southern Pacific Railroad,
Valley Slope, Cawder, Blue Diamond, Caledonian, Angelus, Ozark,
Euclid, Marengo, Traders, Norse, Premier, Claremont, Wabash, Inca,
St. Paul-Fresno, Coalinga. Western, New Home, M. M. Kew, Sleep
& Fitzgerald, Coalinga Banner, Coalinga Petroleum, Elgar Adams,
and Union oil companies.

STRUCTURE. : -

The wells in this area are located on the east-dipping monocline of
the Westside field, the southern part of the area being located near
the point where the strike of the beds changes from south to east of
south. Except for a local flexure, which is possibly the continuation
of one of the lines of disturbance in the White Creek syncline, the
general position of the beds is regular and they have an easterly dip
of 11° to 22°. The beds apparently flatten out in passing east from
the steeper hills in the western and southwestern parts of the area
to the valley floor..

GEOLOGY OF THE WELLS.

The wells start down in the soft beds of the Etchegoin formation or
of the immediately underlying Jacalitos formation. Zone B, shown
in contour on the map (Pl. I1), is the principal productive zone in this
field, as in those farther north. In the northern part of the area the
_‘zone consists usually of a single medium to -coarse grained sand,
varying in thickness from 20 to 30 feet. This thickness is fairly
~ uniform throughout the northern part of the area, except that por-
tion well down on the dip, where the zone apparently thickens and is
penetrated for nearly 40 feet in some of the wells. - It also thickens
locally toward the western edge of the area, 50 feet of productive sand
being recorded in one of the shallower wells. It is believed, however,
that in this well a part of the thickness is made up of intercalated
shale. '

Southward the sand apparently becomes less and less productive,
the southernmost well so far drilled which is believed to obtain oil
in commercial quantities from this zone being Associated No. 5.
Here the productive sand is practically of the same thickness as the
average farther north, but in the wells still farther south the produc-
tive sand pinches out or is practically dry. The gravity of the oil
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varies from 13° to 17° B.,apparently being heavier toward the outcrop
of the beds and lighter down the dip. A variation in gravity between
14° to 15° along the strike is also noticeable, the southernmost wells
producing the hghter oil.

Although zone B is the first productive zone encountered in the
wells, there is above it a tar sand called the ‘‘Big Gumbo,” which
is penetrated by nearly all the wells from the Union south to the line -
of Associated wells along the northern side of sec. 36. This gumbo
- sand, as the name implies, carries a heavy oil or tar, which has so far
not been utilized in any of the wells. In the region of the Caledonian
wells at the western edge of the developed territory and farther up on
the dip there is still a higher oil sand, but this also is nonproductive.

‘Below zone B are three well-defined oil sands throughout the
region from the Union wells southward as far at least as the north
edge of sec. 36. The uppermost of these sands varies from 10 to 50
feet in thickness, while the second is usually somewhat thinner.
Hard shells are often associated with these lower sands, but in many
of the wells blue shale is apparently the only parting. In some
instances the sands below zone B are divided into three or four minor
layers which show little regularity in thickness between the different
wells.

The gravity of the 011 in the zone below zone B is usually about the
same as that in zone B, but in the Caledonian and Angelus regions an
oil sand carrying 17° B. petroleum is found immediately underlying
zone B. It is barely possible that this may be the equivalent of the
light-oil sand in the region of the Coalinga Pacific and other wells of
that same area, but it is the opinion of the writers that there is no
direct connection between beds carrying the light oil in this southern
part and the beds carrying oil of the same gravity in the region north
of Los Gatos Creek. _

In the region of the Wabash and Inca properties the oil sands are
apparently the most regular of the Westside field, but on each side of
this particularly regular zone the variations in the sands is consider-
able from well to well, both along and across the strike of the beds.

A persistent stratum of sulphur water sand is encountered in most
of the wells between the gumbo or tar sand and zone B. This
sulphur sand varies in thickness from about 10 to 20 feet, although in
one of the Wabash wells it has apparently split up into two sands
separated by shale, each sand member being somewhat less than 10
feet in thickness. In certain wells of this area the sulphur sand
contains traces of oil, especially in those wells along the north side of
sec. 36 and in some of the Union wells.

The formations above the zone of the gumbo or tar sand usually
contain two or more water sands. In most of the wells the first sand

52332—Bull. 357—06—7
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is encountered at depths under 200 feet, but between this sand and
the gumbo the occurrence of water is irregular. In some of the wells
water sand approximating 50 feet in thickness is encountered 200
feet below the first water sand, whereas in wells near by the second
water sand may be only 10 feet thick and may be separated from the
first sand by one or two other strata carrying water. ~The water from
all of those sands is considerably mineralized and is not fit for domestic
uses. ' '
Typical well log in Associated-Caledonian- Union area.

Feet

Shale. ..o il 150
Water sand. ... ... ... 20- 30
Shale with some dry sand or gravel . ... ... .. . . . .. .. . .. ... 200
Water sand. . ... ...l 20~ 50
Blue shale with some dry sands and.occasionally some water sand...._...... 600
Tar zone, zone A. ... ... . ... s 8- 50
Blue shale. .. ... 20-100
Sulphur-water sand...... ...l A 20
Blue shale with occasionally fine sand layers. (The water is generally shut

off in the upper part of this shale zone. Such a proceeding is doubtless

flooding the gumbo sand, but as this tar sand is not believed to be produc-

tive in any part of the field the flooding is doing no harm.)............ ... 100-200
Zone B and various oil sands of more or less importance, the whole being thin-

nest near the outcrop and thickening gradually down the dip ............ 100-225

One of the Caledonian wells was drilled to a depth of over 2,300
feet, but from the depth of something over 700 feet it passed through
the usually unproductive Eocene brown and blue shales (Tejon for-
mation) yielding warm salt water of 110° F. near the bottom. Sul-
phur water was also encountered at about 1,600 feet in this well, and
a little greenish oil of over 17° gravity was encountered near the 1,000-
foot mark. The base of the productive measure in this area is believed
to be marked by a persistent stratum of salt or brackish water, which
is encountered in wells drilled into the underlying Tejon shales.

PRODUCT.

The product in the wells so far drilled in this area comes from zone
B, the Jacalitos (upper Miocene) formation. The daily production
of the individual wells varies from about 400 barrels in the deeper
wells to 50 or 60 barrels in the shallower. Many of the wells flow at
first, and some of the deeper ones continue to flow for two or three -
years, but most of the wells are-pumped after the initial head of gas
has blown off. Much sand accompanies the oil, especially in the
shallower wells, running as high as 50 per cent at first in some of the
wells. Large amounts of gas are produced by most of the wells.
The gravity of the oil varies from 12° B. in the shallow wells, those up
on the dip, to 17° for the deeper holes. Three sands are recognized
in the productive zone, the upper one yielding the lightest oil.
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AREA BETWEEN WALTHAM CREEK AND SAN JOAQUIN VALLEY COAL MINE.

LOCATION.

The area treated in the following paragraphs comprises the terri-
tory lying between the Cretaceous-Vaqueros (lower Miocene) contact
(which extends northwestward from Alcalde) and the valley floor
‘west of Coalinga, and between Waltham Creek and the reigon of the
San Joaquin Valley coal mine in the NW. } sec. 26, T. 20 S., R. 14 E.
A portion of this region, however, that in which the wells of the Sunny:
side and Westlake-Rommel oil companies are situated, is omitted and
will be considered separately. ‘

The oil companies operating within this region include the Mount
Hamilton, Commercial Petroleum, West Coalinga, Coalinga Zenith,
Summit, Z. L. Phelps, Blaine, Yellowstone, Coalinga Southern, Sec-
tion Six, T. C., Lucile, Shreeve, St. Francis, Associated, Southern
Pacific Railroad, and some others not yet prosecuting development

work.
GEOLOGY.

The formations involved in the geology of this area comprise the
Knoxville-Chico (Cretaceous, sandstone and shale), the Tejon
(Eocene, sandstone and shale), a series of sandstones overlain by
soft shale which are believed to be largely of Vaqueros (lower Miocene)
age, the Jacalitos (early upper Miocene, sandstone, conglomerate,
and shale), and the Etchegoin (late upper Miocene, sand and clay
shale).

The Knoxville-Chico rocks (Cretaceous) consist of dark thin-bedded -
shale with some sandstone, the latter in places carrying the character-
istic brown concretions. It outerops west of the area under discussion
and extends in a northwesterly direction into the hills south of Los
Gatos Creek. In the main the Cretaceous beds are steeply tilted,
forming a monocline with an approximate dip of 60° SE. They carry
no oil in commercial quantities, but are believed to yield the water in
the Henshaw and West Coalinga wells.

The Tejon (Eocene) formation consists largely of medium-grained
sandstone with some intercalated shales at the base and a consider-
able thickness of shale at the top. It occupies a small area in the
SW. § sec. 26, T. 20 S., R. 14 E., just south of the San Joaquin
Valley coal mine. With the exception of this small outcrop the Tejon
in this area is entirely covered by the later beds, which overlap it
from the east and south. The basal Tejon overlies the Cretaceous
apparently conformably and dips northeastward at an angle of about
30° and is itself in turn overlain unconformably by the Miocene beds.

Unconformably overlying the Knoxville-Chico (Cretaceous) and
the Tejon (Eocene) just described is a series of beds consisting of
about 250 feet of sandstones and over 100 feet of soft dark-blue shale.
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These beds are known to be Vaqueros at the base, but the age of the
uppermost member, the shale, is unknown. The latter, however,
may possibly be the equlvalent of the ““Big Blue” in the northern end
of the Coalinga field, although in the area under discussion it has been
mapped with the Vaqueros, and in the Eastside field it is included in
the Santa Margarita. The basal sandstone of the Vaqueros formation
may be. traced from a short distance south of the San Joaquin Valley
coal mine southward across the northwest corner of sec. 35, T. 20 S.,
R. 14 E., along the western edge of the same section, into the middle
of the NW. % sec. 2, T. 21 S., R. 14 E., thence southeasterly to the
" bottom of the canyon near the middle of the south line of the SE. }
sec. 2. Thence it passes westward below and north of the summit
of the big ridge which extends several miles northwesterly from
Alcalde. Near the San Joaquin Valley coal mine the Vaqueros over-
lies the Tejon (Eocene), but near the northwest corner of sec. 35 it
crosses the contact between the Knoxville-Chico (Cretaceous) and
the Tejon, and from there southwestward it overlies the Knoxville-
Chico. The contact between the Knoxville-Chico and the Tejon is
- believed to extend southeasterly underneath the Vaqueros diagonally
through sec. 35, T. 20 S., R. 14 E., and diagonally through sec. 1,
T.21 S, R. 14 E. Its course from the latter region is not definitely
known, but can be surmised, as is stated elsewhere (p. 118). The
tracing of this contact beneath the Vaqueros is important because of
the fact that the oil is derived from the Eocene shale, and it is
believed that wherever the Vaqueros or other formations overlie the
Tejon they will be found more or less petroliferous, while in the
areas where the same formations overlie the Knoxville-Chico they will
be found barren or containing only such petroleum as has migrated
along the strata from areas underlain by the Tejon. It is worthy of -
note in this connection that along practically the whole extent of the
outcrop of the base of the Vaqueros from the San Joaquin Valley coal
mine southward to the southern part of sec. 2, T. 21 S., R. 14 E., the
basal beds are more or less petroliferous. The indications are so
strong in certain places, notably in the SE. 1 sec. 2, that tunnels have
been run into the base of the Vaqueros sands with the expectation of
obtaining petroleum in commercial quantities.
- Westward from the southeastern part of sec. 2 the basal Vaqueros
sands become less and less petroliferous until on the flanks of the
- ridge spoken of as extending northwestward from Alcalde the beds
show no indications of petroleum. -

The description of the geologic section exposed on the surface along
aline extending from the middle of the southern line of sec. 2, T. 21 S.,
R. 14 E., in Anticline Canyon, to the top of Flag Hill (located in the.
SE. § sec. 1, T. 21 S,, R. 14 E., and shown as the triangulation station
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on the topographic map) and thence in a direct line to the Lucile well
covers all the formations of the area under discussion; this section is
based upon a detailed surface traverse and in a general way upon the
well logs of secs. 6 and 36 to the northeast:

Geologic section from Anticline Canyon in S.% SE. } sec. 2, T. 21 8., R. 14 E., to Lucile
. well (beginning with lower strata).

[Dip approximately 20° NE.]

Vaqueros (lower Miocene). Beds 1+4.

Bed 1. Much-discolored and rusty-yellowish sand and soft sandstone, highly
charged with petroleum in the immediate vicinity of ‘Anticline C'Lnyon and
about 150 feet thick. Not yet pierced by any of the wells in the sec. 6 area, but
is believed to be a rich oil-bearing sand throughout its entire thickness. Repre-
sents the basal part of zone D of the developed territory.

Bed 2. Largely gypsiferous sand, with a hard fossiliferous, layer at base. The
fossils, which occur abundantly in Antieline Canyon a short distance below the
southern line of section 2, are believed to be from the same bed as the fossil
“clam” shells thrown out in the sand from the bottom of Lucile well No. 1.

_About 150 feet thick; probably represents parts of zones C and D in the Eastside
field.

Bed 3. Soft sand with pebbly layers and occasional hard, coarse, rusty, sandstone
strata, which would be called ‘‘sandstone shell” if encountered in the wells.
About 200 feet thick, and isalso a part of zones C and D. Beds2and 3 appar-
ently thin out slightly toward the valley, as the thickness disclosed by the well

. logs is somewhat less than that obtained by calculation from the surface
-outcrops.

Bed 4. Lwrgely clay, a,bout 250 feet thick, and may be the eqmv‘xlent of the ¢ Big
Blue” in the Eastside field.

Jacalitos (early upper Miocene). Beds 5-11.

Bed 5. Largely pebbly sand overlain by thin-bedded sand and soft sandstone.
Bed of fossils, largely Zirphea, at top; believed to be the ones reported in both
the Shreeve and Lucile logs. These are an important tie line, not only in this
particular area, but also throughout the Coalinga district. Bed believed to be
the same as that which rests upon or near the Tejon, west of that part of the
Westside field lying north of the San Joaquin Valley coal mine, and believed
to be of upper Miocene age. Zone B, in the wells of the south and central parts
of the Westside field, is between 100 and 200 feet in thickness.

Bed 6. Above the fossil bed are some coarse gray sand layers. Well in the NE. 1
SW. %sec. 12, T. 21 8., R. 14 1., begins in this zone of sand.

Bed 7. Clay;apparently thickens somewhat toward the valley, especially between
the Shreeve-and Lucile wells. ’

Bed 8. Persistent layer of soft pebbly sandstone, recognized in both the Shreeve
and Lucile well logs.

Bed 9. Ten-foot layer of clay.

Bed 10. Another pebbly sandstone layer, apparently not so persistent as bed 8.

Bed 11. Important and widespread soft blue clay.

Etchegoin (uppermost Miocene). Beds 12-17.

Bed 12. Brown sand at the base, 10 feet of hard sandstone, then a layer of sand
another layer of sandstone, and finally soft sandstone at the top.

Bed 13. Soft blue shale, 15 to 200 feet thick.

\
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Etchegoin (uppermost Miocene). Beds 12-17—Continued.

Bed 14. Coarse brown to greenish pebbly sand at base, overlain by coarse
brown sand, containing numerous large fossil sand dollars, Echinarachnius gibbsi
Rémond. About 125 feet thick.

Bed 15. This is sand and soft sandstone, pebbly at the bottom, and contains
numerous fossils. It is known as a fossil bed in the wells in ‘some parts of the
field and contains such species as Pecten oweni Arnold, Glycymerts, etc. It is the
Glycymeris zone not far above the base of the Etchegoin formation.

Bed 16. This layer is of bluish clay, about 100 feet thick.

Bed 17. From the top of bed 17 down to the detritus-covered valley floor in the
vicinity of Lucile well No. 1 the beds exposed are largely coarse sands with
occasional pebbly layers. Toward the edge of the hills some of the beds contain
cobbles of considerable size and fossils indicating the same horizon as the
Pecten coalingaensis zone, frequently mentioned in the discussion of the geology
as near the top of the Etchegoin. TUsually spoken of by the drillers as surface
formation, as they appear to be largely incoherent and of a heterogeneous char-
acter. Uppermost possibly represent part of the Paso Robles formation.

STRUCTURE.

The main structural feature is, of course, the great southeastward
dipping monocline that extends from the top of Curry Mountain and
Juniper Ridge to the middle of Pleasant Valley. There are, how-
ever, one or two local lines of disturbance within the area which are
worthy of mention. The most important begins in the Knoxville-
Chico rocks (Cretaceous) somewhere northwest of sec. 2, T. 21 S.,
R. 14 E., and passes southeastward apparently almost coincident
with the bed of Anticline Canyon. From the south line of sec. 2
to the middle of the E. 1 SW. 1 sec. 12 this line of disturbance has
the character of a southeastward-plunging anticline. The dips on
the east are apparently about 20°, while those toward the south vary
from 8° or 10° in the region immediately south of sec. 2 to 30° or 40°
in the southern part of the SW. § sec. 12. At a point a short distance’
west of the east line of the SW. 1 sec. 12 the line of disturbance bends
abruptly and passes almost due east for nearly three-fourths of a mile.
Along the east-west portion the disturbance takes the form of a fault,
although the beds in a general way dip away on both sides of the
fault line. The line of fracture may be traced from the dome of the
anticline in the eastern wall of Anticline Canyon, in the eastern part
of the SW. % sec. 12, to a point less than one-fourth mile northeast
of the Commercial Petroleum Company’s well No. 1 in the SE. } sec.
12. The beds on the southern side of the fault are inclined in a
southerly direction with the dips varying from 60° or 70° near the
fracture to 35° or 40° some distance south of it. North of the fracture
the beds dip about 20° NE. and abut sharply against the steep south-
dipping beds. From the eastern line of the SE. } sec. 12 the line of
fracture apparently bends abruptly toward the southeast and dies
out beneath the superficial deposits of Alcalde Canyon.
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A minor disturbance, probably intimately connected with the one
just described, is developed in an east-west ridge in the NE. } sec. 7,
T. 21 S., R. 15 E. An examination of the surface geology of this
region, beginning at the railroad cut in the NW. } sec. 8, T. 21 S,
R. 15 E., discloses, first, coarse sandstone beds dipping N. 35° E.,
at angles of 10° to 50°; westward from here along the crest of the
‘ridge dips of N. 25° W. 16° are encountered; then dips of 20° a little
farther toward the west, and finally, where the strike of the bed
swings around toward the northwest, dips as high as 40°. Northwest
from this maximum dip the beds drop to 30° northeast and finally to
the prevailing dip of 18° to 20° along the western side of sec. 6.

A third line of disturbance is visible in the small bluff on the north-
west side of Alcalde Canyon immediately north of Alcalde station.
This is a sharp anticlinal fold in gray and brown shale with a dip of
20° S. 53° W. on the one side, and of 70° N. 55° E. on the other.
Mount Hamilton well No. 1 is drilled practically on the axis of this
anticline less than one-fourth mile from the bluff mentioned. -An
examination of the territory northwest of the Mount Hamilton well,
embracing the territory along the contact between the Knoxville-
Chico and the Tejon, discloses dips that apparently indicate a north-
westward continuation of the anticline as far as the SE. % sec. 10,
T. 21 S, R. 14 E. The beds in this region are lying so nearly hori-
zontal and have been so affected by landslides that it is impossible
to determine definitely the course of the line of disturbance. This
structural feature, however, has no apparent influence whatever
upon the oil-bearing beds, but is described simply to indicate the
localization of the forces producing folding in the beds.

Still a fourth line of disturbance enters the area under discussion
. in the southwestern part of sec. 7, T. 21 S., R. 15 E. This is a syn-
cline which is prominently developed farther south and has been
described in the discussion of the area south of Waltham Creek (p. 66).
In the southwest corner of sec. 7 this syncline produces dips of 40°
S. 20° W, while a short distance south the same bed dips 30° nearly
due east, a little farther south 25° in the same direction, and still
farther south 20°. This syncline is apparently associated with the
Anticline Canyon flexure, but the relations between the two are
obscured at- the critical point along the south line of sec. 7 by the
detrital material of Waltham Creek.

In connection with the folding and faulting which has taken place
in sec. 12 it might be well to amplify the description of the
geology in the vicinity of the Commercial Petroleum well No. 1 in
the southeast corner of the SE. 1 sec. 12, T. 21 S,, R. 14 E. A
gection along the surface of the ridge northward from this well
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shows the following strata, all dipping approximately due south
about 60°: :

Section in Miocene north from Commercial Petroleum Company’s well No. 1, sec. 12, -

T.218.,R. 14 E.
’ Feet

Soft sand, to........ S, e e 30
Pebblysand.. .................... il 40
Soft sand ...l e i 180
Coarse sand with hard dark layers (“shells”)............._.................. . 240
Fine pebbly sand (dipping due south 60°)............... e 255
Alternating coarse sandstone and pebbly sandstone beds with a particularly hard

brown sand layer at the base.... ... ... . 320
Soft blue shale and sandy shale............. ... .. ... ... ... ... ... 620
Coarse pebbly sand, the last half hard and containing silicified wood {fragments

(dip i8 50° 8OULh) e e e e PR 710
Gray sand with one or two hard streaks..................... ... e . 760
Soft blue gypsiferousshale........ ... .. .. .. .. .. ... ... et 790
Medium to coarse gray sandstone... ... ... ... ... .iiiiiiiiiiiaiioioa. 820

At 820 feet is the fault line extendmg in a direction S. 80° E. The
downthrow is on the north and is. probably at least 200 feet. The
beds along the' trace of the fault are of a purplish and pink tint, this
discoloration probably being due to petroleum which has seeped up
along the fault. A comparison of the above surface section and the
log of the Commercial Petroleum well indicates the reason for the dis-
crepancy between this well log and those of the wells in the sec. 6
area. In the Commercial Petroleum well the beds penetrated dip
about 60°, while in the sec. 6 area the beds dip less than 20°. The
water Whlch occurs in the Commercial Petroleum well is probably of
local extent and is to be associated with the fault line which apparently
is cut by the well near the latter’s junction with the oil sand. It is
the belief of the writers that it would be impossible to put down wells

in this faulted area and obtain the same or even approximate results
in any two. The region about the corners of secs. 12 and 13, T. 21 8.,
R. 14 E., and secs. 7 and 18, T. 21 S, R. 15 K., is the center of a num-
ber of complex disturbances, which, it is believed, have locally so com-
plicated the underground geology as to make the exploitation of the
oil sands difficult if not impossible.

GEOLOGY OF THE WELLS.

The wells of this area lie for the most part in the angle where the
formations bend from a strike of south and southeast to a strike of
east or east-southeast. This change in strike is caused by the line of
disturbance which passes down Anticline Canyon and bends abruptly
east in the SW. % sec. 12, T. 21 S., R. 14 E. The eastward continua-
tion of this line of disturbance across sec. 7, T. 21 S., R. 15 E., is the
cause of the abrupt turning to the east of all of the formations on the
flanks of the great monocline on the west side of Pleasant Valley.
It will be noticed by an examination of the contour map (Pl II) that
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~ the formations have a practically uniform dip of about 18° or 20°
down to the edge of the more pronounced hills. At the edge of the
hills the dip flattens out to an angle of about 5° or 6°. Tt should
be observed in this connection that the topography in a general
way reflects this change in dip. This is an important item to remem-
ber, as in other parts of the field where there are no wells and in which
surface outcrops are lacking it may be possible to judge in a general
way of the position of the underground formations by a critical exam-
ination of the topography of the region under observation. As a
result of the bowing of the strata the dips are apparently steepest in
sec. 36, but flatten out and become more regular north of this area.
In the southern part of sec. 6 and also the northern part of sec. 7 the
dips are very steep at the surface outcrop. The locus of the steep
dip apparently extends from the surface underground in a northerly
direction and has its maximum effect on the oil sands in the NW. 1
sec. 6 and the SE. } sec. 36. Details of the change in dips and strike
are indicated by contours on the map (P1. II) and wﬂl not be discussed
further here.

All of the wells within this area start down in the soft surface
sands and clays, which, below the uppermost superficial stratum,
are believed to belong to the Etchegoin or possibly the Paso Robles
formation. Before reaching the uppermost oil zone (zone B), the
wells pass through four or five well-defined zones of sandstone with
as many interbedded layers of soft blue shale. Many of the sands
carry pebbles up to the size of a marble, and some of the blue shales
are also pebbly. Water sands are encountered at various depths,
some of them producing large quantities of more or less mineralized
water. The Lucile well No. 1 and the West Coalinga well No. 1 pro-

.duce a great deal of water, but from entirely different rocks, the
first from the Jacalitos (upper Miocene) the latter probably from the
Knoxville-Chico (Cretaceous). Some very hard sandstone shell
layers are encountered in the wells and in one or two places these
appear to be rather persistent laterally The hard layer reported as
the “Big Shell” in some of the wells is apparently not the stratum -
so designated in others.

The first oil zone (zone B) varies in thickness from about 60 to 150
feet. In some of the wells it is reported as nearly solid sand, while in
others it is a zone of alternatmg sandstone and shale. Oil or gas, or
both, are reported from it in all of the wells except Shreeve No. 1, but
it is believed that indications of petroleum must have been found in
this well and overlooked by the driller, or else they were not con-
sidered of enough importance to record in-the log. So far as known
none of the wells in, this area produce from this zone. The individual
sands of zone B vary from fine-grained thin-bedded layers intercalated
with sandy shale to coarse conglomeratic sand carrying small cobbles.
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As previously mentioned, this zone may be studied in the east wall
of the canyon running up to the Henshaw water well (SW. % sec. 35,
T. 20 S., R. 14 E.) about half a mile southeast of this well. )

Oil zone B is underlain by a persistent stratum of mineralized water,
either salt or sulphur or both, in nearly all the wells. In some this
flow of water was encountered at the base of a hard sandstone shell
underlying the oil strata, but in others it is reported in the lowest oil
sand of the zone. Oil zone B is separated from the lower or zone D by
between 150 and 200 feet of shale and shell. Some water sands and
tar sands are reported in the space between zones B and D in some of
the wells, but these do not appear to be very persistent. Only three
of the wells have so far penetrated zone D and these touch only its
uppermost sands. The reason for this is generally because the gas
pressure is great enough either to make the well flow or to fill it up
with sand. The uppermost beds of zone D are fine grained and carry
oil of fairly light gravity. Oil of 32° B. has been reported in one of the
wells, and the gravity of all the upper beds seems to range from this
down to 26° B. '

Below the zone of light oil sands is a coarser sand carrying fossil
shells and believed to be the same as the bed at the base of bed 2 in
the section on page 101. The oil from this lower zone is much heavier
than that from the upper, averaging about 16° or 17° B.; the pro-
duction also is very much greater from the lower sand than from the
upper finer sands, and is, therefore, tapped wherever possible. It is
the belief of the writers that this lower oil sand will furnish long-lived
wells, for holes that simply tap its uppermost layers are very produc-
tive and the 150 or 200 feet of sands that are believed to underlie the
tapped bed are doubtless heavily impregnated with oil.

SEC. 2, T. 21 S., R. 14 E., AND VICINITY.

GEOLOGY OF THE WELLS.

Underground conditions in the E. { sec. 2, T. 21 S., R. 14 E., and
in the southern part of sec. 35, T. 20 S., R. 14 E., have been tested by
- the wells of the Sunnyside Oil Company (Henshaw water well) and
the Westlake-Rommel Oil Company. The wells penetrate the north-
east-dipping beds of the Vaqueros formation (lower Miocene), which
overlie the steeply tilted Knoxville-Chico (Cretaceous) strata exposed
at the surface toward the west. The oil in this area is believed to
have percolated along the basal (zone D) sands from the east, where
these sands overlie the shales of the Tejon (Eocene). Only four wells
have so far been put down in this area; three were sunk several years
ago by the Westlake-Rommel Oil Company, and one (the Henshaw
water well) was put down by Captain McClurg for the Sunnyside Oil
Company in 1897. The logs of these wells indicate that the petrolif-
erous zone is from 100 feet to 120 feet thick and consists of medium-
grained sands interbedded, especially toward the middle of the zone,
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with fine clays and harder sand layers. The sand carries a little
heavy oil and in the Westlake-Rommel wells is said to Have yielded no
gas. This lack of gas would be expectéd.in an area so close to the
outcrop of the oil sands where the gas would have an opportunity to

escape from the petroliferous beds. Water is found associated with.
the oil in the uppermost layer of this zone in one of the wells and is

found abundantly in the sands just beneath the oil zone. In addition
to the four wells mentioned, tunnels were run in on the outcrop of

the oil sands in the E. } sec. 2, but did not obtain enough oil to pay

for their operation.

It is believed that the Henshaw well obtains its Water from a sand
in the Knoxville-Chico (Cretaceous), as the depth at which the sand
is penetrated is considerably lower than the base of the Vaqueros
formation. As the Knoxville-Chico beds in this region are highly
tilted, wells will be able to tap the Henshaw water sand along a nar-
row band only. As the strike of the Knoxville-Chico is here about
east-northeast, it is believed that this band strikes in a direction north-
northwest or south-southeast of the Henshaw well.

PRODUCT.

The daily yield of the individual productive wells in the area
between Waltham Creek and the southern part of sec. 36 ranges from
about 100 barrels in those on the dip to about 800 barrels in the
deeper holes. An initial production of over 1,500 barrels a day is
said to have come from one of the wells. Oil of 26° B. gravity is
yielded by sands at the top of the lower zone (zone D), and as high
as 175 barrels of oil a day is said to have been produced by one well
from these sands alone. Below the light oil sands are coarser and
more productive layers which yield the bulk of the oil for this terri-
tory. The gravity of the petroleum from this last horizon is between
16° and 17° B. The oil in the light oil sands is brown; that in the
zone of heavier oil is black.

KREYENHAGEN FIELD.
LOCATION.

The region south of Coalinga as far as Dudley, Kings County,
including the Kettleman and Kreyenhagen Hills and Reef Ridge, has
been known for many years as the Kreyenhagen oil district. For the
sake of brevity of discussion in the present report this territory has
been included as a part of the Coalinga district and has been divided
into two fields, the Kreyenhagen field and the Kettleman Hills field.
The area discussed as the Kreyenhagen field lies on the southeastern
flanks of Reef Ridge and extends from the general region of Jacalitos
Creek to Dagany Gap, 3% miles southeast of Dudley. The area in
which oil development has been carried on constitutes a narrow band
between Canoas Creek and the region of Big Tar Canyon.
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GENERAL GEOLOGY AND OCCURRENCE OF OIL.

Reef Ridge and the region immediately adjacent to it both south-
- west and northeast lies on the eastern flank of the great monocline of
rocks which forms the main Diablo Range. The formations involved
in the geology are the Knoxville-Chico (Cretaceous, conglomerates,
sandstones, and shales), the Tejon (Eocene, sandstones and shales),
-the Vaqueros (lower Miocene, sandstone and shale), the Santa Mar-
garita (upper middle Miocene, shale), and the Jacalitos (upper Mio-
cene, sandstone, shale, and gravel). The oil, as in the region of the
Coalinga field proper, is believed to have originated in the shales of
the Tejon formation, but has migrated to the underlying sandstones
of the Tejon, into sands interbedded with the. shales of the Tejon,
and into the overlying Vaqueros sandstone. Evidence of the petro-
liferous character of the Tejon and Vaqueros is found in numerous
tar springs which emanate from those formations at various points
within the area under discussion. Such, for instance, are those in
Canoas Creek, which come from the upper part of the Vaqueros;
those on or near the Clark ranch farther south in the vicinity of Garza
Creek in the same formation as the latter; the famous tar spring in
Big Tar Canyon, which comes from the upper part of the Tejon; and
the springs in Little Tar Canyon and north of it, which emanate from
the upper part of the Tejon. Numerous other seepages and springs
are found along the outcrop of the Tejon and Vaqueros; but within
the area mapped none, to the knowledge of the writers, are found
farther north than Canoas Creek nor farther south than the head of
Little Tar Canyon. '

Indications of petroleum are found in the basal shale layers in the
Tent Hills anticline, 2 miles southeast of Dudley, but no true seepages
are known between the one in Little Tar Canyon and Sulphur Spring
in the Devils Den district. The Castle Mountain fault, which cuts
off the Tejon and Vaqueros near the head of Little Tar Canyon, is
believed also to eliminate these same formations under the Santa
Margarita southward for a considerable distance below the head of
Little Tar Canyon. Owing to the steep dip in the formations along
Reef Ridge the petroliferous zone is necessarily very narrow. The
extent of the zone in which it seems possible that productive wells
may be put down is shown on'the map (Pl. I). Water accompanies
the oil in all of the seepages along this belt and has caused the failure
of many of the test holes that have been put down in the area.

GEOLOGY OF THE WELLS.

The wells in the Kreyenhagen field may be divided into two grdups ;
those which have been sunk in the Tejon (Eocene) formation, and
those which start in strata above or younger than the Tejon. The



THE OIL FIELDS. 109

wells in the first group, enumerated from north to south, include
those of the Kreyenhagen Oil Company, Kings County Oil Company,
Consolidated Oil and Development Company, Baby King Oil Com-
pany, and Avenal Land and Oil Company. The wells in the second
group enumerated in the same direction include those of the Black
Mountain Oil Company, Kings County Oil Company, St. Lawrence
Oil Company, and that of the El Cerrito Oil Company, formerly known
as the Anderson well.

Tejon formation.—The two wells of the Kreyenhagen Oil Company
are located on Canoas Creek in the SE. } sec. 32, T. 22 S., R. 16 E.
Both wells start in the shale in the upper part of the Tejon, the south-
ermost, well No. 1, beginning lowest in the formation. This well
(No. 1) penetrated 650 feet of dark-colored shale, finding water at
125 and at 400 feet, and ended in 10 feet of oil sands

An examination of the geology immediately south of this well indi-
cates that the oil sand is very much thicker than indicated; just how
far below the shale the sand is impregnated it was not possible to
determine accurately, but on the surface the sand showed signs of
petroleum for a thickness of over 100 feet. Well No. 1 is said to have

“yielded about 15 barrels a day at the start, soon falling to 5 or' 6
barrels. The product is said to be a light-green oil, gravity between
37° and 38° B. No water accompanied the oil. Well No. 2 of the
same company is located north of and higher in the formation than
well No. 1. It is said to have found traces of oil at 1,000 and 1,100
feet and to have attained a depth of about 1,200 feet, at which pomt
water was encountered. This last well never. produced commercial
quantities of oil.

The Kings County Oil Company sunk a well in ‘the SW. 1 SW. §
sec. 3, T. 23 S., R. 16 E. This location implies that the well started
somewhere about the middle of the band of the Tejon formation as
developed in this vicinity. The well is said to have passed through
black shale, blue sandstone, and brown'sandstone containing oil, but
was abandoned on account of water.

The Consolidated Oil and Development Company sunk two wells
in the Tejon (Eocene) formation in the NE. } sec. 10, T. 23 S., R. 16
E. One of the wells attained a depth of 1,100 feet and is said to have
obtained a good showing of 20° B. amber-colored oil at a depth of
1,050 feet. The difference in gravity between this oil and that
obtained' from the same formation in the Kreyenhagen well is not
easily explained.

The well of the Baby King Oil Company is located in the canyon
of the first stream west of Big Tar Canyon, immediately behind Reef
Ridge, in the NE. } sec. 11, T. 23 S., R. 16 E It starts in strata
lying near the contact between the Tejon (Eocene) and Vaqueros
(lower Miocene) formations. It is said to have struck oil of 30° B.
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gravity at 400 feet, and oil of 18° B. gravity at 1,100 feet; a short
distance below this last point flowing water was encountered. At
the time of the writer’s visit, in September, 1907, the well was flowing
about half a miner’s inch of water, accompanied by occasional blebs
of black heavy oil and some gas.

The Avenal Land and Oil Company has two wells in the E. 1 E. §
sec. 18, T. 23 8., R. 17 E., not far from the famous tar spring in Big
Tar Canyon. Well No. 1, the westernmost of the two, starts down -
in the soft oil-stained sand beds of the Tejon (Eocene), or possibly
Vaqueros (lower Miocene), immediately underlying the lowest
hard sandstone bed of the Vaqueros. The log of this well is as
follows:

Log of well No. 1, Avenal Land and Oil Company, E. § E. § sec. 18, T. 23, S., R. 17 E. V

. Feet.
Adobe............. i e e 20
Oil sand with water. . ... ... .. 70
Blue water sand. ..« ... 140
Ol - e e 235
Shale. .o i 521
L0 T T« NN 555
Shale. .o 590
Sand showing traces of oil... .. ... . Ll 635
Shale. ..o i [ 802
Blue clay. ..o i 900
Sand with traces of oil (not finished)....... ... . o il 984

This well is said to have yielded less than 2 barrels a day of dark-
colored 28° B. oil. Well No. 2 starts well down in the Tejon andis
said to have gone through soft sand to 1,045 feet, where a productive
sand was encountered. It yielded some oil when pumped by a
bailer.

Formations above the Tejon.—The Black Mountain Oil Company
sunk two wells in the SW. 1 NW. £ sec. 33, T. 22 S., R. 16 E. Both
start in the dark shale of the Santa Margarita formation and obtain
their oil from the top of the Vaqueros sandstone. The log of well
No. 1 of this company is as follows:

Log of well No. 1, Black Mountain Ol Company, SW.3 NW. % sec. 33, T.22 8., R. 16 E.

. Feet
Dark-colored shale. .. ... ... .. .. .. . ... ... P e 80
White sand. ... o il 85
Dark-colored shale.. ... .. . . ... ... 400
Light-colored shale...... s e 550
Shale and sand with oil........ ... . . o il e 570
Light-colored shale........... i 640
OFL SAN - .ot . 660
Shale. .. 700

Ol SANA. - - e oo e . .. 720
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This well is said to have produced 5 or 6 barrels of black, 18° B.
oil. The second well is located 600 feet north of No. 1, but no data
concerning it are available.

The Kings County Oil Company sunk a well in the SW. 1 NE. }
sec. 3, T. 23 S., R. 16 E., which is believed to start toward the bottom
of the Santa Margarita (upper middle Miocene) and to obtain its
oil from the Vaqueros (lower Miocene). The log of this well is as
follows‘

Log of well of Kings County 0il Company in SW. } NE. ~} sec. 3, T. 28 8., R. 16 E.

Feet,
Clayandsoil ... ... ..o .. e 12
White shale. .. ..o i 29
Blackshale.......................... e 65
Blacksand............. ... i 67
Black shale................ooo e 90
Hard gravel (heavy oil at 240 feet).......... ... .. . .. . . ... . ... 120
Black shale. ... 275
Gravel. i 285
Blackshale............ooo e 410
Blue sand rock...... e 450
Water sand. .. ...t e 490
Bluesand rock.........oooooiiiiaa. JR P 540
AN et O 556
© Clayey sandstone. ... .o ot i 600
Black shale. ... i 660
Clayey sandstones. .........ooooiiii i 696
Hard shale. .....oo i 120
Hard rock, sandstone predominating. ... ... o i, 950

Another well was also started by the same company but was never
finished.

The St. Lawrence Oil Company is said to have sunk a well in the
SE. 1 NE. % sec. 12, T. 23 S., R. 16 E., which encountered oil near
the bottom. This well doubtless began in the shale of the Santa
Margarita and penetrated the oil sands at the top of the Vaqueros
(lower Miocene).

A. M. Anderson and associates (El Cerrito Oil Company) have been
drilling the past summer on a well in the NW. 1 sec. 14, T. 23 S.,
R. 17 E. The well starts near the contact between the Etchegoin
(upper Miocene) and Paso Robles (Pliocene-Pleistocene) formations,
and is said to have been located on the evidence of a supposed 011
sand outcrop a few hundred feet south of the well site.

KETTLEMAN "HILLS FIELD.

LOCATION.

Development work within the Kettleman Hills has been confined
to their northern portion, all the wells started having been put
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down on the flanks of the hills at some distance from the axis of the
Coalinga anticline, which runs parallel with and east of the topo-
graphic axis of the hills. -

GEOLOGY AND INDICATIONS OF OIL.

Theé formations that rise to the surface in the anticline are the
Etchegoin and.-the Paso Robles, described fully on pages 46-61. The
structure of the hills is that of a simple arched anticline, with low
dips toward the axis and steeper ones toward the flanks. The
maximum dip on the northeastern flank is about 31°, that on the
southwestern flank 45°. :

One of the Government land surveyors who visited the Kettleman
Hills over twenty years ago informed the late Mr. W. P. Kerr (who
informed the senior author) that he had seen what he supposed was
an oil seepage in the northeastern flank of the hills in the south-
eastern part of T. 21 S., R. 17 E., or the northeastern part of T. 22 S,,
R. 17 E. Neither Mr. Kerr nor the senior author, who visited thls
locality in 1907 and made a careful examination, were able to find
any traces of an oil seepage in this region, although places where
mineral waters have oozed from the rocks in the rainy season were
noted in several instances. It is believed that the Kettleman Hills
offer no direct surfacé evidence of petroliferous deposits. :

GEOLOGY OF THE WELLS.

Seven or more wells have been put down in the hills and none of
these have been successful, but owing to their position and compara-
tively slight depth they have made no adequate test of the territory.
(See p. 120 for conclusions concerning future development.) Two
wells, the Gibbs and Oceanic, are on the northeastern flank of the’
anticline; the other five are on the southwestern flank. None are
within the area outlined as possibly productive on the map (PI. I).

Following are descriptions of the wells that have been put down
in the Kettleman Hills:

Gibbs Oil Company, located in eastern part of the NW.  sec. 28, T. 21 8., R. 17 E.,
farthest north of any in the Kettleman Hills. Starts in beds near the top of the
Etchegoin (upper Miocene) formation about 1 mile east of the axis of the Coalinga
anticline. .

Oceanic Qil Company’s well; located in the NW. % sec. 1, T. 22 8., R. 17 E., on
northeastern flank of Coalinga anticline on one of the spur ridges running northeast
from the main Kettleman Hills divide. Starts in the uppermost blue-gray sands of
the Etchegoin; said to have penetrated blue sands and shales and to have yielded
large quantities of water; depth, 950 feet. -

Stanislaus Oil Company’s well; located in the NW. } sec. 4, T. 22 8., R. 17 E. ' Starts
in beds well up in Etchegoin formation, a little less than a mile southwest of the
Coalinga anticline; is said to have attained a depth of about 1,000 feet without en-
countering any oil.
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Towa Oil Company’s well; located in the SW. } sec. 4, T. 22 8., R. 17 E.; not far
distant from and on the same ridge as that of the Stanislaus Oil Company. Conditions
in the two wells are practically the same and results obtained were similar.

Tlorence Oil Company’s wells; both located in the NW. % sec. 15, T. 22 S., R. 17 E.
On the southwestern flank of the Coalinga anticline about a mile from the axis; ncar
the surface penetrate strata at the bottom of the Paso Robles formation. Are said to
have attained a depth of 720 feet and to have encountered considerable gas but no oil.

Esperanza Oil Company’s wells; both located in the SW. { sec. 14, T. 22 S., R. 17 E.
One attained a depth of-1,100 feet but was abandoned on account of water; the other
reached 840 feet when drilling operations were suspended. Start in the uppermost
beds of the Etchegoin formation, on southwestern flank of the anticline something
over a mile from the axis.

Stockton Oil Company’s well; located in the NW. } sec. 30, T. 22 8., R. 18. E.,
farthest south of any test well in the hills. Starts in beds near the contact between
the Etchegoin and Paso Robles formations, on southwestern flank of the anticline
about 2 miles distant from the axis. Is said to have attained a depth of 670 feet, with
no results in the way of gas or oil.

FUTURE DEVELOPMENT.

GENERAL STATEMENT.

The conclusions here to be discussed as to the course that future
development will take in the Coalinga district are based on the belief
that the petroleum is originally derived from the shales of the Tejon
(Eocene) formation and that on migration it collects both in the
sands interbedded with these shales and in the porous portions of
the overlying Miocene. All of the conditions indicate that this
belief is well founded and is equivalent to the truth.

Several requisite factors enter into the question of the accumula-
tion of the petroleum and the possibility of its extraction in com-
mercial quantities. Among these are the following, briefly stated:

(@) An adequate thickness of the shales of the Tejon (Eocene) to
yield commercial quantities of oil.

(d) A cause for the migration of the oil from its source in the
organic shales. This cause is believed to be supplied by the tend-
ency of oil to migrate by diffusion through certain media, such as
dry .shales; it may be and doubtless is in certain instances aug-
mented by hydrostatic pressure wherever water has come in contact
with the petroleum.

(c) Associated porous beds occupying such a position relative to
the source of the oil and to impervious barriers as to permit of the
petroleum passing from the source into the final reservoir and being
there confined by impervious strata. Wet shale or clay and certain
fine-grained water-impregnated sands are believed to be among the
effective barriers to the migration of the oil.

(@) Occurrence of the accumulations at a depth far enough below
the surface and distant enough from outcrops to preclude the escape
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of the lighter hydrocarbons, and still at depths which may be profit-
ably reached by the drill. The areas within the lines shown on the
map (Pl II) as bounding the possibly productive territory are those
in which the top of the supposed oil zone has been calculated as pos-
sibly within a vertical distance of 4,500 feet from the surface. A
depth of 4,500 feet below the surface has been arbitrarily taken as
the maximum to which it is possible to drill by present methods in
the region under discussion, as this is about the maximum depth of
holes in California which have been drilled with a standard rig. It
may be possible to go deeper than this, but for the present this limit
seems sufficiently great. Whether or not a well can be profitably
drilled depends upon so many factors, such as quantity of oil pro-
duced compared with cost of drilling, price of oil, etc., that local
conditions must determine the result in each specific case.

It seems very unlikely that oil, even in small amounts, will be found
in any of the rocks underlying the Tejon (Eocene)—that is, in the
Cretaceous or Franciscan formations (see map, Pl. I)—while it is
quite likely that it will be found in the Tejon and in the formations
immediately overlying the latter, whether or not in paying quanti-
ties depending on the factors above enumerated. In the following
paragraphs it is the intention of the writers to give their personal
oplmon as to the probabilities of the occurrence of petroleum in

_regions not yet thoroughly tested by the drill. It must be borne in

mind, however, that absolute determination, by work on the sur-
face, of the occurrence or nonoccurrence of oil in any one locality
~ 1s not possible. The best that can be done is to calculate the degree
of probability on the basis of surface indications and structural con-.
ditions. : S
. AREAS DISCUSSED.

The areas for which the probabilities of the occurrence of petro-
leum is discussed in the following paragraphs are as follows: North-
west of Eastside field, Eastside field, Anticline Ridge and Guijarral
Hills, Westside field, south of Waltham Creek on Jacalitos antlchne, ’
Reef Ridge south to Dagany Gap, and Kettleman Hills.

NORTHWEST OF EASTSIDE FIELD.

The well of T. C. Oil Company in sec. 2, T. 19 S., R. 15 E., has
proved the eastern flank of the Coalinga anticline as far north as the
northern edge of the area shown on the map (P1. I). Near this point
the beds bend from a strike of almost due north to one of N. 30° or
40° W, the dip at the same time steepening to 30° or more in secs. 34
and 35, T. 18 S., R. 15 E. The writers have examined the country
only as far north as the middle of sec. 29, T. 18 S., R. 15 E., but up
to this point the shales of the Tejon (Eocene) were found well devel-
oped, and it is therefore believed that the overlying Miocene sands
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will be found productive as in the region farther south. The steep-
ening of the dip of the beds in this undeveloped territory will neces-
sarily narrow the productive ground materially, decreasing it to a
band less than 2 miles wide, whereas southward in the middle of the
Eastside field, where the dip is approximately only 16°, the width
of the productive belt is over 3 miles. Toward the northern end of
the Eastside field as mapped in this report, and still farther north-
west, only zone D, the lower part of the Vaqueros (lower Miocene),
" it is believed, will be found productive, and here not as prohﬁcally
as farther south owing to the thinning of the productive zone.

EASTSIDE FIELD.

Little need be said concerning the probable development in the
already well-proved areas of the Eastside field, as their future may
be inferred from a perusal of the paragraphs devoted to the discus-
sion of the geology of their wells. It should be borne in mind, how-
ever, that the lower part (and what in sec. 28 and the western part
of secs. 22 and 27 is the richest part) of the oil measures has not been
tested in those wells farthest down the dip and should yield good
returns for the extra cost of deepemng if water is not encountered
at the greater depth; and there is no evidence at present indicating
that water exists at the base of the oil in this area. It is believed
that oil in commercial quantities will never be found above the
“Big Blue” in the Eastside field (a possible exception to this may
be the “St. Paul sand” in sec. 34), so that wells put down outside
of the limit of those in which the bottom of the “Big Blue” is pene-
trated at less than 4,500 feet will probably never pay.

Two factors militate against' the successful exploitation of the
southwestern flank of the Coalinga anticline immediately southwest
of the developed Eastside territory. These are () the steep dip
(almost perpendicular in places) of the beds, which carries the oil
zone rapidly ‘downward to great depths toward the southwest and
(b) the more locally disturbed condition of the i various beds through—
out this zone of steep dip. It is believed that at least the lower part
of the oil zone along this flank will be found more or less productwe
wherever it can be reached, but it is also believed, and this belief is
strengthened by -the experience of those who _hswe drilled in the
territory, that the disturbed conditions of the beds will make the
shutting off of the water difficult or sometimes impossible, thus hin-
dering the most successful manipulation of the wells. Toward the
southeastward the dips lessen in degree and the resulting conditions
are somewhat more favorable for successful wells.

_ Within the area of the shale and interbedded sandstone of the
Tejon (Eocene) lying between the Cretaceous (Chico) beds on the west
and the overlying Vaqueros (lower Miocene) sandstone on the east
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and extending from Oil City northward beyond secs. 29 and 30,
T. 18 8., R. 15 E., it is believed that favorable locations for produc-
tive wells yet remain undeveloped. Surface indications lead to the
belief that wherever in this area the sands interbedded with the shale
of the Tejon formation are of a porous character they contain appre-
ciable and in some cases probably commercial quantities of petroleum
at available depths. As the quality of the oil obtained from the Tejon
sands is usually considerably higher than that found in the Miocene,
small producers in the Tejon area should pay where the same produc-
tion would involve a loss elsewhere. It is believed that a well site so
chosen that the prospective sand would be encountered at 600 feet or
more below the surface would be the most favorable for exploiting the
Tejon territory. The same conclusions as those just expressed have
been reached for practically the whole band of Tejon extending inter-
mittently along the western edge of the Miocene in the Coalinga dis-
trict from sec. 29, T. 18 S, R. 15 E., to Little Tar Canyon, northeast
of Dudley. Furthermore, it is beheved that productive sands in the
Tejon may be tapped by wells which start in overlying formations,
‘but predictions as to favorable locations for such tests would be
unreliable owing to the unconformable relation of the overlying beds
to the Tejon.

ANTICLINE RIDGE AND G'UIJARRAL HILLS.

Throughout its entire length along the southwestern edge of the
developed territory in the Eastside field the axis of the Coalinga anti-
cline dips southeast at about 9° until in the northwestern part of
sec. 2, T. 20 S., R. 15 E., it assumes an angle of approximately 4°.
The territory along this comparatively low-dipping portion of the
anticline has been proved productive as far southeastward as the
middle of the NW. % sec. 2, T. 20 S., R. 15 E. Southeastward from
this last-mentioned locality the indications for productive wells are
good. The productive territory will be limited to that portion of
the anticline where the productive sands lie at such a depth as to be
profitably reached by the drill.

In drawing conclusions as to just how far southeastward along the
axis of the anticline this limit will be two factors have to be: taken
into consideration: (a) Dip or pitch of the anticline, and () thicken-
ing of the formations toward the southeast.

Regarding the first factor (a) surface evidence indicates a dip of -
about 4°; or something like 350 feet to the mile. Certain evidence
offered by the well logs of the territory in question, however, indicate
a much lower dip, about 2°, or 185 feet to the mile.

Regarding the second factor (b) a conservative estimate indicates
that at its nearest point to the surface in the northern portion of the
Kettleman Hills the top of the oil-bearing zone may lie within 3,500
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feet of the surface. This depth assumes a very considerable increase
in the thickness of the formations above the oil-bearing Vaqueros over
_the thickness of the same formations in the Eastside field. Just
where this’ th1cken1.ng of the beds begins it is not possible to find out,
but it is believed to commence toward the lower end of Anticline
Ridge; that is, along the Coalinga anticline a little way north of the
railroad. Takmg all of the evidence into cons1derat10n, it seems
probable that the conditions indicated by the contours on the map
(P IT), a dip of 4°, or 350 feet to the mile, along the anticline, will
be found to be the average as far southeastward as the Guijarral Hills,
although it may possibly be less in secs. 2 and 12, T. 20 S, R. 15 E.,
and possibly somewhat more in the region of the Guijarral Hills.
Owing to the much steeper dip on the southwestern flank of the anti-
cline than on the northeastern, the productlve ground will be found
to extend much farther away from the axis on the latter flank than on
the former. as indicated by the contour map.

WESTSIDE FIELD.

Owing to the rapid thinning and even entire pinching out of the
Vaqueros or lower Miocene oil-bearing formation toward the western
edge of the Westside field, predictions as to the exact depths at which
the top of this formation will be encountered at any particular point .
are unusually hazardous. For this reason the top of the lowest of the
Jacalitos (upper Miocene) petroliferous zones (zone B) was chosen
for contouring, as this latter extends over the whole region, although
both at the northern and the southern ends of the field it is not com-
mercially productive. There are no known reasons at present for -
believing that any of the territory in the main portion of the Westside
field under which the productive measures lie at a greater depth than
500 feet are unproductive. Local conditions, such as the extreme
thinness of the shale or clay separating water from oil sands, may
make the manipulation of certain wells more or less difficult or pos-
sibly unsuccessful, but there is no evidence of “bottom” or “edge”
water in any of the wells so far drilled that condemns any of the ter-
ritory generally considered as proved. On the contrary, evidence is
available indicating that in many of the wells which have penetrated
but a short distance into the oil-bearing zone there are underlying and
untouched sands even more productive than those already developed.
It is the belief of the writers that in this field, as in the Eastside, the
sands become more productive the nearer they lie to the brown shale
of the Tejon. It seems worth while, therefore, in those areas where
conditions are such that water could be plugged off if encountered
below the already tested productive sands, to deepen to the beds imme-
diately overlying the brown shale. Such a procedure, however, will
require great care in avoiding the flooding of the upper productive
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beds if water should happen to be encountered in the oil-bearing
series of beds. ~
It is believed that con31derable commercially productive territory
is yet untested in the southwestern portion of the Westside field,
especially north and northeast of the fault (see Pl. IT) which extends
east and west through the middle of the SW. } sec. 12, T. 21 S.,
R. 14 E. The extent of this productive area is believed to depend
on whether the various Miocene sands are underlain by theTejon
(Eocene) formation or by Knoxville-Chico (Cretaceous) rocks. In
the former case it is believed that the beds will be found commercially
productive; in the latter case, except within half a mile or so of the
contact between the Tejon and the Knoxville-Chico, it is believed
the oil sands will be dry or only poorly saturated. - Direct evidence
of the trend of the contact between the Knoxville-Chico and Tejon
ceases in the southwest corner of sec. 26, T. 20 S., R. 14 E., because
south of there it is entirely covered by the later formatiqns. At this
locality its direction is about S. 25° E., but this strike is believed to
swing eastward so that the contact passes north of the corner of
secs. 1,12, 6, and 7. The partial failure of the well in the SE. } sec. 12
is believed to be due entirely to local conditions accompanying the
fault to the north of the well, while the water in the well in the SE. 1
. sec. 12 comes from beds believed to be Knoxville-Chico.

JACALITOS AN’i‘ICLINE .

The first locality south of the southwest corner of sec. 26, T. 20 S.,
R. 14 E., where the Tejon (Eocene) formation is definitely known, is in
. Sulphur Spring Canyon in- the southern part of sec. 23, T. 22 S.,
R. 15 E. As mentioned above, there is evidence that the con-
tact between the Knoxville-Chico and the Tejon passes north of
the corner of secs. 1 and 12, T. 21 S., R. 14 E., and secs. 6 and 7,
T. 21 S, R. 15 E. Just how this contact trends between this
corner and the Sulphur Spring Canyon locality is not definitely
known, but it is the belief of the writers after a study of the inter-
vening region that the contact soon bends to the south after passing
into the northern part of sec. 7, T. 21 S., R. 15 E., then swings around
to a southwesterly trend, continuing this down to Sulphur Spring
Canyon, in a somewhat similar way to that followed by the later beds,
now exposed over the area. The relation of the whereabouts of this
~ contact between the Knoxville-Chico and Tejon to the future deyelop-
ment of the region is obvious when it is remembered that only those
portions of the Miocene sands which overlie the Tejon (Eocene) are
believed to be productive. It is the opinion of the writers, therefore,
that the basal Miocene sands are likely to be commercially 011 bearing
only in the area northeast of a line which passes in a general way
southwesterly from the eastern part of sec. 7, T. 21 S., R. 15 E., to
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- sec. 23, T. 22S,, R. 15 E.  Passing southward from the region imme-
diately north of Alcalde Canyon the formations which overlie the oil-
bearing Vaqueros thicken rapidly until in the region of Jacalitos
Creek, the Jacalitos formation (upper Miocene) alone is 3,500 feet
through, whereas in the Alcalde Canyon region it is less than 1,500
feet. This great thickening of the beds above the oil zone toward the

" south will necessitate much deeper wells than would be required if the
formations were uniform. At the axis of the Jacalitos anticline on
Jacalitos Creek, where the supposedly productive zone approaches
nearest to the surface, it is estimated .that the top of the Vaqueros is
about 3,600 feet below the surface. As the axis plunges northward
north of the creek and southward along the anticline from the high
hill immediately south of the creek it is obvious that the territory pos-
sible of development is very limited. The northeastern flank of the
Jacalitos anticline dips much more steeply than the southwestern
flank, so that the band of productive ground on the northeast will be
much narrower than that on the southwest. Owing to the uncertain-
ties incident to the complicated structure at the northern end of the
Jacalitos anticline in sec. 18, T. 21 S., R. 15 E., and the rapid rate
of thickening of the beds, quantitative statements concerning the
depth of the oil zone below the surface at any one point will not be
attempted for the region south of Alcalde Canyon. A suggestion as to
the probable depth at which the oil zone lies may be gathered from
the statement that it is struck at about 700 feet below sea level (1,600
feet below the surface in the NW. % sec. 18, T. 21 S, R. 15 E.) and as
before stated is probably some 2,800 feet below sea level (3,600 below
the surface) on the axis of the anticline on Jacalitos Creek. This
great increase in depth occurs even in the face of the fact that the axis
of the anticline is plunging (near its northwestern end as much as 15°)
toward the northwest.

REEF RIDGE SOUTH TO DAGANY GAPT.

The great monocline of Tertiary beds which flanks Reef Ridge on
the east and forms the Kreyenhagen Hills is underlain by the Tejon
formation from a point at least as far north as Sulphur Spring Canyon
(in sec. 23, T. 22 S., R. 15 E.) to the head of Little Tar Canyon (in
sec. 35, T. 23 S., R. 17 E.). 'Throughout nearly the whole extent of
this Tejon band it shows unmistakable signs of its petroleum contents.
Many oil seepages also occur from the Vaqueros sands overlying the
Eocene, so that there is no doubt as to the presence of petroleum
throughout practically the whole length of the region under discus-
sion. Furthermore, productive wells on Canoas Creek, in Big Tar
Canyon, and elsewhere (see pp. 108-111) have proved the presence of
oil in commercial quantities in at least certain localities. Although
the territory offers no promise of a large individual production, it



120 ‘ COALINGA OIL DISTRICT, CALIFORNIA.

is the belief of the writers that productive wells may be put down
along practically the whole strip of territory from between Jacalitos
and Canoas creeks to Little Tar Canyon. West of Jacalitos Creek the
Tejon is apparently lacking or else is thin and insignificant; southeast
~ of the head of Little Tar Canyon the Tejon is cut off by the Castle
Mountain fault. It is therefore not likely that the productive sands
extend far either northwest of Sulphur Spring Canyon or southeast of
the head of Little Tar Canyon. Indications of petroleum are in evi-
dence in the axis of the Pyramid Hills anticline, séutheast of Dudley,
and still farther southeastward toward the Devil’s Den country, so
“that the extension of the productive belt in a southeasterly direction
from Little Tar Canyon is probably only locally affected by the fault.
The lighter oil is to be expected in the Tejon as in the Coalinga field,
but the best production will doubtless be found in the Vaqueros or
lower Miocene sand: The production in either case will probably not
be large, for the steep dip of the beds precludes the conditions neces-
sary for great accumulations of oil. The steep dip, however, so
increases the distance through which the wells may penetrate the sand
that the lack of complete saturation may be partly compensated for
by increased surface of sand exposed in the well. An item that should
not be overlooked in drawing conclusions concerning this strip of terri-
tory is the probable occurrence of water in or closely associated with
the oil sands. Nearly all of the oil seepages in the region are accom-
panied by water, and many of the test wells have been abandoned on
account of it, so that trouble from this source should not cause surprise
to those who may undertake to exploit the region. The depth to
which the oil sands along Reef Ridge may be exploited is limited by
the relation between the cost of drilling plus operation and the pro-
duction and value of the oil; and by whether or not the water that is
apparently associated with the oil-bearing beds is ‘‘bottom ’ or ‘‘edge "’
water. These factors are determinable only by actual test. The area
outlined on the map (Pl. I) as probably productive embraces all of
the territory along Reef Ridge in which it is thought that the top of
the Vaqueros or lower Miocene sands will be encountered at a depth
less than 4,500 feet below the surface. At some localities seepages
indicate that the productive zone is near the base of the formation; at
other localities the evidence favors the theory that the top will be
found the most productive. All of the evidence seen by the writers
leads to the conclusion that productive bodies of petroleum will not be
encountered in or above shale of the Santa Margarita formation, that
is, above the top of the Vaqueros (lower Miocene) zone.

KETTLEMAN HILLS.

The Kettleman Hills were formed by an uplift of the sedimentary
formations of this region along the Coalinga anticline. It is an inter-
esting and important problem to consider whether this great arch, the
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summit of which has subsequently been in large part worn away by
erosion, has brought within reach of the surface the beds which are
oil-bearing a few miles away. The conditions for the accumulation
and preservation of oil in this broad, regular fold would appear to be
good, and the question as to the occurrence of valuable deposits
resolves itself principally into two problems; (1) whether the hills are
underlain by the Tejon, the original oil-bearing formation in this dis-
trict, and whether. oil is therefore most probably present; and (2)
whether the oil-bearing beds are brought sufficiently near to the surface
by the anticline to be accessible.” There is no direct evidence obtain-
able on either of these questions owing to the complete hiding of the
oil-bearing formations, if such there be, by the great thickness of over-
lying formations; and there will be no such evidence until a test is
made by means of the drill, but the geologic facts observed in the
hills and in other parts of the district afford indirect evidence of con-
siderable importance favoring the theory that the necessary condi-
tions mentioned above do exist. _

As regards the first condition, it may be reasonably supposed that
the Tejon formation underlies the whole of the foothill and valley
region within at least a few miles east and southeast of its outcrop in
the hills around Pleasant Valley and along Reef Ridge. There is no
known reason for supposing otherwise. The San Joaquin Valley has
been during long -periods of geologic time a basin of depression in
which deposition of sediments and subsidence have gone on, and there
is evidence to show that during the Eocene, when the Tejon forma-
tion was being deposited in-the sea that covered part of the area
under discussion, the present Diablo Range was, at least in part, a
belt of land ‘that stood out with considerable relief and formed the
shore line. The sea extended thence eastward, and unless a belt of
land rose’ where the present Kettleman Hills stand the formation
must have been deposited over their area. It is possible that the.
Coalinga anticline is an old axis of uplift that may have determined
an area of relief in previous epochs, but it is not probable. The fact
that the Cretaceous beds on Joaquin Ridge are not more disturbed
than the younger ones lapping over the anticline farther east indi-
cates that no great uplift occurred along this anticline before the
latest period of movements, during which all of the formations were
affected at the same time.

The same reasoning applies to the questnon whether the Tejon for-
mation when once deposited over the area now occupied by the
Kettleman Hills was worn away by erosion before the deposition of
the younger Tertiary formations and the preservation in them of the
petroleum. If no uplift of magnitude occurred, it is not likely that
the formation was worn away. In fact,it was probably less eroded
than in the region farther west, where it is now exposed, a region that
was nearer thie shore line and more subjected to disturbances. It
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may therefore be assumed as a good working hypothesis that the
Tejon was originally deposited and still exists beneath the forma-
tions covering the surface of the Kettleman Hills. Similarly it is to
be supposed that the whole succession of Tertiary formations is-the
same beneath these hills as in other parts of the district. Whether
or not the Tejon is oil-bearing can not be told, but being so near to
the extensive area in which it is petroliferous the chances are good
that it is likewise so beneath these hills.

As regards the second condition, the evidence afforded by the
thickness of the formations in various parts of the district must be
brought to bear in order to determine at what depth the oil-bearing
beds will be met. The anticline exposes along its axis a low portion
of the Etchegoin (uppermost Miocene) formation, and therefore the
drill will have to pierce the base of this formatlon and the whole of
the Jacalitos (early upper Miocene) and Santa Margarita (upper
middle Miocene) formations in order to reach the petroliferous beds
of the Vaqueros (lower Miocene), provided that these formations are
present as they have been assumed to be. The formations here prob-
ably bear a closer similarity in occurrence and thickness to the same
formations on the western side of the syncline along the Kettleman .
Plain than they do to the formations in the Coalinga, field. The oil
probably collects, as it does along Reef Rldge in the Vaqueros sand-
stone overlying the Tejon (Eocene) and is retarded from further
upward migration by the compact shales of the Santa Margarlta

The question of the thickness of the formations may be taken up
with relation to each one separately, beginning with the exposed
Etchegoin. This formation has a thickness of approximately 3,500
feet throughout the Kreyenhagen Hills, of which about 2,700 is below
and 800 above the upper Mulinia zone. On Anticline Rldge the for-
mation has a thickness, only roughly measurable, of about 1,700 feet.
In the Kettleman Hills, inasmuch as the base is not certainly exposed,
the whole formation can not be measured. The maximum thickness
exposed is about 3,000 feet in the south-central part of the hills
along that part of the anticline where it plunges in both directions.
Fossil beds are there exposed which may be close to the base of the
formation. If they are, the whole formation is thinner than in the
Kreyenhagen Hills. In other parts of the‘Kettleman Hills, where the
lowest beds exposed are considerably above the base, the only means
of determlmng the comparatlve thickness of the formatlon here and
elsewhere is to compare the thickness from the summit down to the
upper Mulinia zone, which has been correlated with a similar zone in
the Kreyenhagen Hills. This thickness is about 1,900 to 2,000 feet
in the northern part of the Kettleman Hills, but increases to 2,300 or
2,400, if not more, in the southern half, on the southwest flank of the
anticline. Here again, therefore, there is indicated a-thinning of the
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formation in the Kettleman Hills, as compared with the Kreyenhagen
Hills, and this gradual decrease appears to continue on the north-
eastern side of the Kettleman Hills. On the other hand, there is a
very decided thickening southeastward from Anticline Ridge along
the anticline. In conclusion, all that may be said is that the Etche-
goin is at least 2,000 feet and probably more nearly 2,500 feet thick
in the northern part of the Kettleman Hills and at least 3,000 feet
thick in the southern part. The thickness of it that must be pierced
along the axis of the anticline in order to reach the underlying Jaca-
litos decreases gradually southward toward the central portion of the
hills. At the south side of sec. 34, T. 21 S., R. 17 E., the upper
Mulinia zone arches over the anticline and plunges northwestward
beneath higher beds. At this point the beds are practically horizontal
on the very axis of the fold and the depth to the top of the Jacalitos
is probably only a few hundred feet, possibly in the neighborhood of
500 feet. From there southeastward to sec. 1, T. 23 S,, R. 18 E,,
the thickening of the formation is more than offset by the plunge of
the anticline in the opposite direction, and the depth to the Jacalitos
gradually decreases. Thence southward the depth is probably no-
where more than a few hundred feet and is in general less than in the
northern part of the hills.

The Jacalitos formation has a thickness 31m11ar to that of the
Etchegoin both in the Kreyenhagen Hills and the Coalinga field.
The question of the accessibility of the oil sand in the Kettleman
Hills hinges in large measure on the‘¢guestion whether this similarity
. in thickness between the two formations holds good there. Does
the Jacalitos become thinner eastward from the Kreyenhagen Hills,
as the Etchegoin seems to do? It is«very probable that it does.

The Santa Margarita increases in-thickness from Zapato Creek to
Dagany Gap from about 200 feet-to over 1,000 feet. It probably
underlies the Kettleman Hills with some such thickness and with a
probahle similar thickening southward. There is no way of telling
whether it thickens or thins eastward from the Kreyenhagen Hills,
and it may therefore be assumed as constant.

On the basis of the probable conditions outlined above the com-
bined thickness of the lower part of the Etchegoin below the upper
Mulinia zone and of the Jacalitos and Santa Margarita formations
may be arbitrarily assumed to be 3,500 feet in the northern part of
the Kettleman Hills and 4,500 in the south-central part. The lines
on the map over the Kettleman Hills showing the possible limits of
the productive territory are drawn on the basis of such an assump-
tion.

These figures are moderate estimates and the chances are small
that the thicknesses are less than this. It must be borne in mind,
however, that they are at best only guesses based on a balance of
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probabilities. If these figures be true it means that the top of the
Vaqueros formation, the supposed oil sand, lies between 3,500 and
4,000 feet immediately below the axis of the anticline throughout
the hills southeast of the Big Tar Canyon-Lemoore road. Away
from the axis on either side the beds begin to dip away and the depth
to the Vaqueros increases rapidly. The lines bounding the sup-
posed oil territory represent the limits of the area in which the top. of
the Vaqueros would be reached within 4,500 feet vertically down
if the above-assumed thicknesses were correct. On the other hand,
if the formations are as thick as they are in the Kreyenhagen Hills,
the top of the Vaqueros would be considerably below 4,500 feet even
along the axis of the anticline. In the southern part of the Kettle-
man Hills, for a few miles north of Avenal Gap and in the group south
of there, the structure is poorly displayed. Little definite informa-
tion has been obtained further than that the horizon exposed along
the axis is in the lower portion of the Etchegoin. Owing to the re-
moval of the Eocene by faulting near Little Tar Canyon and south
of there it is possible that the Tejon is not present beneath the south-
ern portion of the Kettleman Hills.

No surface indications of oil are known. to exist in the Kettleman
Hills, but it is not likely that oil would have been allowed to escape
through the great thickness of overlying beds forming the regularly
arching anticline. It is supposed, also, that the oil is retained by the
overarching shale of the Santa Margarita. Indications suggesting
petroleum have been observed in the Lost Hills several miles south of
the south end of the Kettleman Hills. The Lost Hills may be due to
an extension of the Coalinga anticline southward, and it is possible
that the fold plunges northward and exposes a low portion of the
series into which the oil has had access.

In conclusion, it may be said that the Kettleman Hills offer a fair
chance for the discovery of oil at a depth of from 3,000 to 4,500 feet
along the axis of the anticline, and that the conditions favor a well-
preserved supply. The only possible means of gaining any definite
knowledge of the oil-bearing formations beneath these hills is by
drilling. In order to test the possibilities of the region satisfactorily
wells should be sunk immediately on the axis of the anticline. The
most favorable location for a test well would probably be between the
Big Tar Canyon-Lemoore road and a point 13 miles southeast of
the northwest end of the hills.

PRODUCTION.

The following table of production of the Coalinga district by calen-
dar years from 1897 to 1907 was compiled by Miss Belle Hill, under
the direction of Dr. David T. Day, of the Geological Survey. The
production for 1908 will probably be about 12,000,000 barrels,
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which, with the greatly increased price (63 to 75 cents per barrel),
will bring the value of the product for the year close to $8,000,000.

Production of Coalinga district, 1897 to 1907.

[In barrels of 42 gallons each.]

* Year. Production. Value. Year. Production. Value.

70,140 |.............. - 2,138,058 8705, 559
154,000 |.. 000000l 5,114,958 1,520, 847
439,372 (.ol 10,967, 015 2,657,009
532,000 $532, 000 7,991,030 1,848,300
780, 650 390,325 8,871,723 3,091,934
572, 498 257,629

By a rough estimate based on the data in the hands of the erters,
the amount of available oil contained before exploitation began in
that part of the Coalinga district shown on the contour map (P1. II)
was 2,875,000,000 barrels of 42 gallons each. Of this amount about -
2,000,000,000 barrels was contained in the territory west of the
Coalinga syncline and 875,000,000 barrels east of the syncline. The
total amount taken from the ground up to the present time, includ-
ing an estimated production of 12,000,000 barrels for 1908, approaches
50,000,000 barrels, which, when subtracted from the estimated
total, leaves 2,825,000,000 barrels available after 1908. At the pres-
ent rate of production this supply would last over 200 years, but with
the rapid rate at which the increase in production is now taking place
the time during which the supply will hold out promises to be far less.
Moreover, it is not possible to state what percentage of the oil present
can ultlmately be obtained.

The estimate is, of course, merely an approximation. It was
arrived at by assuming a 10 per cent impregnation of the oil sands
and calculating from all the data available the probable thickness
of sand under eéach quarter section.

TRANSPORTATION FACILITIES.

One railroad and two pipe lines comprise the transportation facil-
ities for the oil produced in the Coalinga district.

A branch of the Southern Pacific Railroad joins Coalinga with the
main lines at Hanford and Goshen Junction, and also with the main
lines of the Atchison, Topeka and Santa Fe Railway at Hanford
and Visalia. The storage tanks and loading racks for the district
are at Ora station, 14 miles northeast of Coalinga.

A 6-inch pipe line of the Coalinga Oil Transportation Company, a
subsidiary of the Associated Oil Company, joins Coalinga with the
seaboard at Monterey, 110 miles northwest. This line was first
constructed in 1904 as an independent project, and was generally
known, from the name of its projector, as the Matson pipe line. The
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‘route traversed is along Alcalde Canyon, Waltham Valley, Priest
Valley, Lewis Creek, and the Salinas Valley. Several pumping sta-
tions are situated along the line between Coalinga and Monterey,
the main pumping station being located in the SW. 1 sec. 18, T. 20 S.,
R. 15 E.; it is joined by minor lines with various parts of the Easts1de
and Wests1de fields. :

An 8-inch branch pipe line, 28 miles long, joins the Coalinga field
with the main Kern River-Point Richmond line of the Standard
Oil Company at Mendota. The total distance from Coalinga to
tidewater by this line is 198 miles. The main pumping station of
this company for the Coalinga field is in the NW. 1 sec. 36, T. 19 S.,
R. 15 E.

Numerous local lines transport the oil from various parts of the
field to the shipping stations. Among these lines are those of the
Union Oil Company from sec. 13, T. 20 S., R. 14 E., to Ora; the
California Oilfields, Litd., from the Easts1de field to Ora the Coalinga
Oil Company, from the Oll City field to Ora; Westside lme from the
Westside field to Ora, and the Associated oil Company, from the
Westside ﬁeld to Ora :

MINERAL LAND S.

The following areas within the Coalinga district have been classified
as mineral lands, and such of these as yet belong to the Government
have been withdrawn from any but mineral-land entry. The lands
classified as mineral include all those lying between the outcrop of
the lowest oil-bearing formations, the Tejon (Eocene), and a line
marking the limits of the area in which the uppermost productlve
oil zone (zone B), can be reached by a well less than 4,500 feet in
depth. (See pp. 113-114 for relative probability of productlveness of
these lands.)

Lust of mineral lands in Coal;inga district.
T.18S., R. 15 E.:
* W. } and SE. % sec. 36, secs. 35, 34, and 33. -

T.198.,,R. 4 E.:
S 5and NE. % sec. 25, S. {:sec 35, and sec. 36.

T.19S.,R. 15 E.:
Secs 1 to 4, 8 to 17, SE. £ sec. 18, and secs. 19 to 36 except NW. £ sec. 19.
T.198., R. 16 E.:
w. ?3 secs. 7, 18, 19, and 30, and all of sec. 31.
T.20 S, R. 14 E.:
Secs 1 to 3, 10 to 15, 22 to 26, 35 and 36.
T.20 8., R. 15 D
All of township except secs. 23, 26, 35, 36, SW. } sec. 14, E. 3 sec. 27, N. § and
NE. } sec. 25.

T.208S., R. 16 E.:
Ww. %sec 5, secs. 6, 7, 8, SW. :}sec 9, secs. 16 to 21, W. } sec. 22, secs. 27 to 30,
NE. § sec. 31, secs, 32 to 33, and W. 3} sec. 34,
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T.218,R. 14 E.:
Sec. 1, E. % sec. 2, sec. 12, N. % and SE. }'sec. 13.
T. 218, R. 15 E.:

Secs 2t0 9, N. 4 sec. 10, NW. % sec. 11, S. % sec. 16, secs. 17, 18, 21, 22, NW. 1
and S. § sec.*23, secs. 26, 27, E. );;sec 28, N. } and SD 4 sec. 34, and W % sec.
35.

T.218., R.16 E.:

N. 4 sec. 3 and NE. { sec. 4.
T.218., R.17E.:

Secs 33, 34, and NW. % and S. %sec 35.
T. 22 S, R. 15 E.:

SW. 1 sec. 5, S. } sec. 6 secs. 7, 8, NW. } and 8. } sec. 9, SW. % sec. 10, SW. }
sec. 13, NW. % and S. } sec. 14, secs. 15, 16, N. 4 sec. 17, N. % sec. 18, NW. }
sec. 22, NW. } and E. J;sec 23, secs. 24, 25, and NE. 4 sec. 26.

T. 22 S, R. 16 E.: ' :

NW + and 8. § sec. 19, SW. § sec. 20, SW. 1 sec. 27, NW. } and S. § sec. 28, secs,
29, 30, N. § sec. 31, secs. 32 to 34, and SW I sec. 35

T.228,R.17E.:

NW 1and S. % sec. 1, secs. 2, 3, E. %sec 4, NW. } and E. } sec. 10, secs. 11, 12,

NW. {and E. % sec. 13, and NE. {sec. 14.
T. 22 8., R. 18 E.:

Sec. 7, NW. -}andS 3 sec. 8, NW. % and S. } sec. 16, secs. 17, 18, N. } sec. 19,
secs. 20, 21, 22, SW. } sec. 25, secs. 26, 27, 28, NE 4 sec. 29, NL 4 sec. 33,
and secs. 34, 35, and 36.

T. 23 8., R. 16 E.:
S. % sec. 1, secs. 2, 3, 4, N. 4 sec. 10, secs. 11, 12, and N. } sec. 13.
T.238., R. 17 E.:

Sec. 7, S. 4 sec. 8, SW. } sec. 15, NW. } and 8. } sec. 16, sec. 17, NW. ¢ and E. }
sec. 18, N. % sec. 20, secs. 21, 22, SW. 4 sec. 23, SW. 1 sec. 25, sec. 26, N. }
and SE. %sec. 27, NE. } sec. 35, and sec. 36.

T.238.,R.18 E.:

Secs 1, 2, NLE. } sec. 3, E. %sec 11 secs. 12,13, N. } and SE. % sec. 24, NE. % sec.

25, and SW. } sec. 31.
T.238.,,R. 19 E.:

w. &sec 6, secs. 7, 18, 19, W % sec. 20, SW. % sec. 28, secs. 29, 30, E. 4 sec. 31,

secs. 32,33, and SW 4 sec. 34.
T.248S., R.18 E.:

SW. sec. 5, secs. 6, 7, NW. ; and S. } sec. 9, SW. 4 sec. 15, sec. 16, N. J;a.ndSD 3
sec. 17, N. } and SD 4 sec. 21, NW. } and S. 1}sec 22, sec. 27, E. } sec. 28,
sec. 34, and W. % sec.-35.

T.24S,R. 19 E.:

Secs 3,4, N. % and SE e}sec 5, secs. 9, 10, 15, 16, 21, 22, SW. § sec. 26, secs 21,

28, N. %and SE. % sec. 33 sec. 34, andNW }andS } sec. 35.

OIL COMPANIES AND OIL WELLS IN THE COALINGA
DISTRICT.

The following is a practically complete list of all of the oil compa-
nies which have drilled or are drilling wells in the Coalinga district.
The locations of the wells are indicated wherever known and the ele-
vation of each well given in most instances, having been obtained by -
instrument survey by E. P. Davis, topographer. There are now 395
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productive wells, 75 abandoned wells, and between 75 and 100 drilling

“wells in the dlstnct

01l companies and oil wells in Coalinga district.

[Location by Mount Diablo base and meridian.]

Eleva-
No, of tion
Name of oil company. Name of well. well Location. above
. * mean
sea level.
ZEtna. (See California Oil-
fields, Ltd.) Feet.
AJAX. el al | SW.}sec. 32, T. QS R BE. . .........
American Petroleum b2 | Sec. 30 T. 20 S,R.AE..... ...l

Angelus.....coocoiiiiiiai..

Do
Arline. (Sce California Oil-
fields, Ltd
Associated

Avenal Land and 011
Avon, (See California Oil-
fields, Ltd.)
Band B
B bD Oiaa Tt
aby King.............
Badger St%,te ...........
Black Mountain........
Blair..........ooooolln
Blue Diamond.........
Blue Goose.............
Bonanza King.........
Boston and California
Buena ‘Vista (Kettleman

ills).
Buntin. (See California Dia-

mond.)
Caledonian...................

California, 6{1 ‘and 'dé{s
California Oilfields, Ltd.

aAbandoned.

Sauer Dough No.
Sauer Dough No.
Sauer Dough No.
Sauer Dough No.
Sauer Dough No.
Sauer Dough No.
Sauer Dough No.

‘| Kaweah, No.1..
.| Kaweah, No. 2..
.| Avon, No.3.....

-do
NE. % sec. 11, T, 23 S.. R 16E.
Sec. 1, T. 21 8., R. 1

NW.{ sec. 33, T 2zs R 16E.|. ..

NW. &sec 14,’1‘ 218. ,R 15E..
NE. § sec. 26, T. .
NE. £ sec. 20 T.

SW. 1 sec. 10 T.
SE. % sec. 24, T.

NE. 4 sec. 26, T. 2OS R.
d

b Drilling.
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04l companies and oil wells in Coalinga districi—Continued.
Eleva~
. No.of tion

Name of oil company. Name of well. “2;1‘1) Locution. above

Al mean

sea level.
i . t
Feet:
California Oilfields, Ltd......|...........o.ciiiianees 5 . 1,429
L0 L T IR 6| . 1, 461
DO e 7 |- . 1,377
DOeenamaaeaianneae]iae e 8 1,383
13 S R 9 198, E 1,368
Do..... Arline, No. 1... 1]SW. }sec 26, T, 19S,R 15 E. 1,007
Do..... Arline, No. 2 2 | NW. %3 secc. 26,1 19'S. R.15 E. 1,028
Do..... Northeastern, No. 1.. 3 | NE. } sec. 26, 0’198, R.15E. 05
DO e e 1| NW.1sec. 27 T.19S,R.15E. 1,387
0 o R E R 2 e 1,363
0 T 3 1,349
1 Y 4 1,353
0 T PO 5 1,380
10 T R, 6 1,214
Do e 7 1,331
DO 8 - 1,305
DO e 9 | 1,319
Do . | el,080
oSS eeeaeeeaa «l, 340
L T o 12 | SW. &scc 27,1, IQS R.15E. «l,284
D0 13 | NW. 4 sec. 27, T, 198, R.15E. 1,130
Do . . eeeeeeend|  €1,270
Do. «1,225
Do. al,229
Do 1,332
DO e 1,340
D 7 T PP 1,256
DO 1,307
D N 1,117
Do, e e do 1,144
DO SE. % sce. 27, .19 S.,R. 15 E. 1,105
T N 24 | SW. }sec 27. T. 198 R. 15E. 1,238
Do e 25 S O o o TR 1,246
Do 26 NW isec 27, T.198, R. 15 E. 1,273
0 7 T RN 527 | SE. %sec. 27, ’l‘ 198, R 15E. 983
0 T 28 | Nw. }scc 27, T, 19S R. 15E 1,257
DO 29 |..... o. . 1,188
DOt 30 |..... 1,275
Do 31| SW }sec 27, T. 19 S., R.I5E. 1,194
DOt e 32..... e 1,166
DO 331..... 1,260
DO 534 | NE. }sec.27,T.198., R. 156 E. 1,022
DO e 35 | NW. £ sec. 27 T.198., R. 15 E. 1,168
Do e 36 | NE. +sec. 27, T.198., R. 15 E. «l,180
Do 37 | SW. }scc. 27, T.19S., R.15E. 1,271
0 ¢ POt R 3 PR U B 1,234
DO e 39 | dOii e 1,225
o O 41 | NwW. }sec 27, T.198.,R.15E. 1,350
DO iera 1| SW. }sec 20, T.198, R.15E. 1,217
Do b2 P+ 1 1,256
Do.. Atna, No. 1 1| SE. e}sec 30, T.198., R. 15 E.. 1,225
Do... Westmoreland, No. 1. 1| NW., %sec. 34 T.198.,R.15E. 1,118
Do... Forty, No 1.......... 2 | NE. % sec. 34, 'I‘ 198,R, 15 E. 1,096
Do... Westmoreland, No. 2. 3| Nw. §sec 34 T.19S8.,R.15E. 1,109
Doeeiniiiiiiiii s Miﬁson,iri Coalinga, 4 1,150
Do.. Westmoreland No, 3. 1,085
Do. Forty, No.3.......... 1,061
Do. Pn%;]tsburg Coalinga, 1,080
NW.tsec.32,T.198., R.15E. 1,213
SW. isec.22, T. 19S R.1I5E. 1,399
d 1,356
1,357
1,417
1,391
1, 400
1,297
1,234
1,204
1,233
1,313
1,116
1,309

Carmelita. ... . i e SE. }sec 3, T.208.,R.I5E..]..........
Cirele. ...oooiin iitoii i e b7 | NE. } scc. 35, T. 2 OS., R.IME.| ... ...
Claremont......,........ ...\l ! 1| NW.%sec.24, T.20S. R. 14 E. a 810
Do | 210.... AOueni i a8l4

e Approximate. b Drilling. ¢ Abandoned.

52332—Bull. 357—08——9
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01l companies and oil wells in Coalinga district—Continued.
Eleva-
tion
Name of oil company. " Name of well. - Ig,%"of Location. above
. g mean
sea level. .
. | Feet.
Claremont. . ................ oo 3| NW.4sec.24,T.208.,R. 14 E. 805
DO e 4. ... do... 792
Do.eeen s et b1 | NE.%sec. 4, T.208.,R. 15 E. 1,022
Coalmga ..................... Producers and Con- cl | NW.}sec. 20,T 195 R. 15 E. al,405
sumers, No. 1.
DO 2 0.t [ (s P s
DO....c..oecuiiiva......] Producers and Con- €2 ..., 16
sumers, No. 2.
DO e 31..... [« (A IS
Do Producers and Con- 3..... o (e
sumers, No. 3.
DO 41..... & o
Doce e 51..... {4 (o
DO 6i..... [
T S T1..... [+ (o TN
02 O e 91..... 14 s
Coalinga Four.... . ... ... .. coioiiiiiiiiaiene]ieaos Sec. 4, T.20S., R.15 E
Coalinga MohawkK. ... oo . it NW. 4 sec. 12, T.208.,
....... NW. %sec. 7, T.208

Coal];nga. Pacific.

Do
Coalinga Southern
Coagl)nga Western

Consohdated Oit
velopment.

and De-

a Approximate.

(N6

W O0~I DU N

b Drilling.

22,7198, R. 15 5.

NW. isec 6
NEd}sec 23

SE.1s T.198., R.15 E.
SW. }sec.l7 T.19S., R.15E.

SW. isec 31, T.198.,,R. 15 E.
NW. ksec 31 T. lQS R.1I5E.

~do.. - o
.1 sec. 10, T. 23S., R. 16 E.

© ¢ Abandoned.
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01l companies and 01l wells in Coalinga district—Continued.

131

Eleva-
No. of tion
Name of oil company. Name of well. well Location. above
* mean
sea level.
Feet.
Crescent....... ..o i el | SE.}sec.20, T.198., R BLE|..........
Cyprcss R. H. Herrcn, No. 1. 1| SE. }sec.l T.208., 14E., 917
....... R. H. Herron, No. 2.. 2 .. .. 911
Do ....... .| R. H. Herron, No. 3.. 3. 941
Do....... | R.H. Herron, No. 4.. 4 .. 738
Domengine O S, NE. &scc 35 T.18S.,R.I6E.[..........
£l Capit(s;no(_il)ow Kern Trad- |..coovieeeninennnaa. 2 | NW. % sec. .31 T. 19S R.IGE.f..........
and 0Oil).
El 753 6 41 7+ S RO b1 | NW.%sec.14, T.238,R.ITE.[..........
al | NE.}sec.22,T.198,, JRIISE|LIL
Ellis (See California Dia~
mond.)
Dsp%mnza. Oiland Gas.......|oceeeieeiieiinaaa.. % SW. }sec 6, T. 2OS R.15E. 997
Doseeiiii i 3|
Do..... 4.
Do. 5.
Do 6
Do b7
Do.. 8
Do a2
Esperanza Land and Oil b1
Euclid 1
Do 2
Fauna. . al
Florence a2
Fort ]{JSee California Oil-
Frcsno—Stm Fra,nmsco ................................ 1
Do 2
Do. 3
Do. 4
Gibbs al
Golden Crest Kreyenhagen, No.1. b1

Golden State (now California
Oilfields, L .
GraDam W.M

Guthrey (SLeYerwston )
Hanford

Hawkeye State
Henshaw. (See Sunnyside.)
Herron, R.H. (See Cypress.)
Highland................. ...

a Abandoned.

t Drilling.

NIt Wb~

SW. }sec 28, T.198., R.15E..
Sec. 6, T. 21? S., 157 i)

SW.4sec.20,T.19S.,R.15E..
NE. ’wec 20,T.198.,R.15E..

do
Sec.2, T.198,,R.15E
¢ Approximate.
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01l companies and otl wells in Coalinga district—Continued.

Name of oil company.

Name of well.

. |No.of

well.

Location.

Eleva-
tion
above
mean
sea level.

Independence.
ard.

Independent..................

Investment..

(See Stand-

Jacalitos......................

K.and C. (See Confidence.)

Kaweah. (SeeCalifornia Oil-
fields, L.td.)

Kern Tradmg and Oil........

ngs County

Kmyeﬁﬁééeﬁ: ................

Kreyenhagen. (See Golden
Crest.)

California

(See
Oilfields, Ltd.)
Maine St_ate ................ .

McCreary

May Brothers................
Mercantile Crude

Mlch-gan Oil and Develop-
ment,.

Minnesota (now Southern
Pacific R. R.)

Missouri-Coalinga. (See Cali-
fornia Oilfields, Ltd.)

M, K.and T

Do......
Montjack
Mount Hamilton Land and

Do
Northeastern. (See Califor-
nia Oilfields, Ltd.)

aAbandoned.

b Drilling.

NW.¥sec.35 T.198.,,R.15E .
SW. 1sec 31, T.198,R.15E..

Nw. ’sec 32, T.195.,R.15E.
NE. }sec 3, 7. 238., R.IGE..

SE.1sec.20,T.198. R.15E...

;Approxi mate.

SW.}sec.I&, ’1‘.23S., R.lGE...
SE.%sec.32,T.22S.,,R.16E...
NW.1sec.12, T.19S,,R.15E . ¢ 825
NE.%sec.6, T.218., R.I5E.. 770
..... 6 L TS 761
1,256
c1,300
1,274
1,237
c1,250
1,089
1,119
1,119
1,154
900
€790
¢800
€795
¢795
SE.}sec.14, T.208:;,R.14E._|.._.... ..
NW. 1 sec. G T.20S.,R.15E. 1,097
..... Q0. c1,120
..... [ 1,006
..... & N 1,002
Sec.17?, T.19S, R.18E......{..........
NE.4sec.33, T.198.,,R.15E.[..........
SW.lsec.8.T.208,,R.15E... 868
..... do...... 856
NW. 1 sec. 22, BE ...
SE. Asec 14, ’1‘ 2lS R. ]4E... 1,002
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0il companies and oil wells in Coalinga district—Continued.

Eleva-"
No. of tion
Name of oil company. Name of well. well Location. above
. mean
sea level.
Feet.
al [ NW.isec.1,T.22S,,R.17E..I..........
1| NE. lsec 22 T. ]93 R.I5E.. 1,212
Do b2 PP« [+ T e 1,208
Oil City Petroleum. (See
Standard.
Old Keystone.........ooooeuilovinmnnnninnaniaaa.. al|SE.isec.8, T.198, R.ISE.._.1..........
Oyama. (See California Oil-
fields, Ltd. )
(01717 < (R 1| NE. ’;sec 26,T.208.,R.14E.. 850
D .. 2 oo @O b 845
cl| NE. sec 10, T.208., R. 15K . 815

c1| Sec.24, T.208., R.14E........[..........
1| NE.1sec.24, T.208. R.14E..]" 71,05

2 | SE.4sec.24,T.20S.,R.14E .. 076
E: 15 P do ........................ 923
4. doe e 975
1| SE. isec 36, T.195.,,R. 14 E 1,121
cisco.
2 2. & o TR AR,
Dowe .. 3 do.. oo 1,107
Phoenix...........oooiiial .. a3 | SE. $sec.20,T. 198, R.I5E.|..........
Pilot. .. .. 1| SW. }sec. 12 T.20S,R.M4E.|..........
Pittsburg........ocoooo.. .. .. 1| SW.isec.24, T.198.,R.15E. 830
Pittsburg-Coalinga. (SeeCal-
ifornia Qilfields, L td ) . .
Porter & Scribner............ Nathan lease. .. 1 NW }scc ,T.20S8.,R.15E. 873
01 T PRI s [« SOOI a2l....do. il 868
5 3l.....do. el 848
PrerBier ...................... 1| SE. }sec 24,T.208S., R. 14 E. 790
............................................... 2 R« o
Producers and Consumers.
(See Coalinga.)
21T ¢ [, 1| SE. %sec.22,T.198.,R. 15 E
DO 2 P {6 2
Riverside (near Alcalde)
Roanoke...........o......... a1l | SE. }sec. 36,
Rock. . oooioiiii al | SW.4sec. 28
St.Clair.........oooooiiiiat 11 SW. %sec. 12
St. Francis................... cl | SW. %sec. 6,
St. Lawrence................. al | NE. }scc. 12,
St. Paul-Fresno 1| NE. 3800 25,
2. dO.eniiii e
3|..-.. Ao
4 |..... do ........................
I P o B
al | SW. },scc 30, T.19S,,R.15E.|..........
Sauver Dough. (See Asso-
ciated.)
Sect.]1)on Seven 1 NW }sec 7, T.20S., R.IGE. 911

Section Six..
Section Ten.

Selma. (See i
Seneca............
Shawmu
Do
Do
Do.
0 .
Shreeve. ... ..oooovnieieii il .. NwW. }bec 6,T.218., R. 15 E.
. 1| NE. §sec. 28 T.198.,R.15E. 1,497
Independence, No.3.. 3 ... [ T 1,440
Independence, No. 4.. 4 ..... L o 1,374
Independence, No. 5.. 5 ... do. ... b1,450
Independence, No. 6.. 6 ..... A0 1,444
Independence, No. 7.. 1,458
+ Independence, No. 8.. 1,484
Independence, No. 9.. 1,536
Independence, No. 10. 10 1,538
011 1ty Petroleum 11 ; SE. isec 28, T.19S.,,R.15 E. 1,371
OiIl\I Clzty Petroleum, | | 12! ..... do. .o 1,404
Do Oll C|ty Petroleum, ' 13 ..... do.iii e 1,372

e Abandoned. T Approximate ¢ Drilling.
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01l companies and oil wells in Coalinga district—Continued.

Eleva-

No. of tion
Name of oil company. Name of well. well Location. above
) mean
. sea level.
Feet.
011 Cnty Petroleum, 14 | SE.%sec. 28, T.19S.,,R.156 E.. 1,376
0111\1 Cnty Petroleum, 15 1..... s £ PN 1,448
0111\1 Clty Petroleum, 16 |..... [ 1S r 1,373
0il City Petroleum, 17 |..... do...l 1,348
No. 7. :
0il (,lgy Petroleum, 1,340
0111\1 Clgy Petroleum, 1,361
0il City Petroleum, 1,321
No. 10.
0il City Petroleum, 1,323
No. 11. .
0il City Petroleum, 1,262
No. 12. ’
Oil City Petroleum, 1,211
No. 13.
0il City Petroleum, 1,253
No. 14.
Oil City Petroleum, 1,275
No. 15.
Twenty-eight, No. 14. 1,314
Twenty-eight, No. 13. 1,395
Twenty-eight, No. 12. 1,385
Twenty-eight, No. 10. 1,241
Twenty-eight, No. 11. 1,378
Twenty-eight, No.9.. 1,420
Twenty-eight, No. 8.. 1,402
Twenty-eight, No. 6. . 1,256
Twenty-eight, No.5.. 1,342
Twenty-eight, No. 4.. 1,342
Twenty-eight, No.1.. al,380
Twenty-eight, No.3.. 1,364
Twenty-eight, No. 2.. 1,428
Twenty-eight, No.7.. 1,421
Twenty-eight, No. 15. 1,456
Twenty-eight, No. 16. 1,505

Sunnyside............ e
8. WD. and B...

Do
Twent)y-elght (See Stand-

Twenty-two.....ccooouveean..
Turnper...... e

e Approximate.

b Abandoned.

NW.1sec.4, T.22S., R.17E.

NW. }sec 34 T.198.,R. 15 E

NE. 1sec. 28, T. 19S., R.1BE.
do...

SE. lscc 3’- T, ZOSA’
NW. 1sec. ¢ T.208.

do
Sec. 34, T.18S, R.15E..._..
SW. isec 2, T.198,R.15E
SW. %sec. 24 ,T.20S,R. 14 E

SE. }sec. 22, T.19S.,,R. 15 E
SW.1sec.2,T.20S,,R.15

..... L L
NW. isec. 13, T.208S., R.
NE. isec 13, 'T. 20 S., 'R.

Nw Yo, 5 T BSR4
cWater well. d Drilling.
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Name of oil company.

Name of well.

No. of

well. . Location.

'

)

Eleva-
tion
above
mean
sea level.

Do
West Coalinga (water) .......
Westlake-Rommel
Westmoreland. (See Califor-
nia Oilfields, Ltd.)

Wrnght Association
Yellowstone..................

1| NE. }sec 24,T.208., R.

1| NE. ksec 12, T. 21 8., R.

NE. % sec. 2, ‘.21 S.,

Sec. 4, T. 22 g,
NW. 1sec. &t
NE. %sec. 32,
1| NW, ﬁsec 2,
NE. Jmc LT 2

NW.4sce. 2; T, 20
N‘ Ldsce. 6, .21
M. hcc (»,T 2OS
Y ot P
"SE. 3 eec. 20.71.19 8., R.
SW. Asec i, T 208, h‘

mmm

TFeet.
806
802

a Abandoned.

b Drilling.

¢ Aprroximate.
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The following list includes the more important papers relative to
oil and gas published by the United States Geological Survey or by
members of its staff. Those to which a price is affixed can be pur-
chased from the Superintendent of Documents, Government Printing
Office, Washington, D. C. Any of the others (published by the
Survey) can be had free by applying to the Director, U. S. Geological
Survey, Washington, D. C.

Apams, G. I. Oil and gas fields of the western interior and northern Texas coal
measures and of the Upper Cretaceous and Tertiary of the western Gulf coast. In
Bulletin No. 184, pp: 1-64. 1901.

Apawms, G. 1., HawortH, E.; and Crane, W. R Economic geology of the Iola
quadrangle, Kansas Bullet.ln No. 238.- 83 pp. 1904.

Axperson, R. (See Arnold, R., and Anderson, R.) : :

Arvorp, R. The Salt Lake oil field, near Los Angeles, Cal. In Bulletin No. 285,
pp. 357-361. 1906.

. Geology and oil resources of the Summerland district, Santa Barbara County,
Cal. Bulletin No. 321. 67 pp. 1907.

The Miner ranch oil field, Contra Costa County, Cal. In Bulletin No. 340,
Pp. 339-342.  1908.

(See also Eldridge, G. H., and Arnold, R.) k

Arnorp, R., and ANDERSON, R. Prehmmaryreport on the Santa Maria oil district, -
Santa Bwrbala County, Cal. Bulletin No. 317. 69 pp. 1907.

Geology and oil resources of the Santa Marla, oil district, Santa
Barbara County, Cal. Bulletin No. 322. 161 pp. 1907. 50c.

BourweLt, J. M. Oil and asphalt prospects in Salt Lake basin, Utah. In Bulletin
No. 260, pp. 468-479. 1905. 40c. ‘

Cuapp, F. G. The Nineveh and Gordon oil sands in western Greene County, Pa.
In Bulletin No. 285, pp. 362-366. 1906. '

(See also Stone, R. W.,and Clapp, I. G.)

Crang, W. R. (See Adams, G. I., Haworth, E., and Crane, w. R.)

Evprince, G. H. The Florence oil field, Colorado. In Trans. Am. Inst. Min. Eng.,
vol. 20, pp. 442-462. 1892. .
The petroleum fields of California. In Bulletin No. 213, pp. 306-321.
1903.  25c. _

EuprinGe, G. H., and Arnvorp, R. The Santa Clara Valley, Puente Hills, and -
Los Angeles oil districts, southern California. Bulletin No. 309. 266 pp. 1907.

FexxeMan, N. M. The Boulder, Colo oil field. In Bulletin No. 213, pp. 322-332.
1903. 25c.
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FENNEMAN, N. M. Structure of the Boulder oil field, Colorado, with records for
‘the year 1903. , In Bulletin No. 225, pp. 383-391. 1904. 35c.
The Florence, Colo., oil field. InBulletin No.260, pp.436-440. 1905. 40c.
—— 0il fields of the Texas-Louisiana Gulf coast. In Bulletin No. 260, pp.
459-467. 1905. 40c.
Oil fields of the Texas-Louisiana Gulf coastal plain. Bulletin No.282. 146

pp. 1906.

FuLLer, M. L. The Gaines oil field in northern Pennsylvania. In Twenty-second
Ann. Rept., pt. 3, pp. 573-627. 1902. §$2. .

Asphalt, oil, and gas in southwestern Indiana. In Bulletin No. 213, pp.
333-335. 1903. 25c.

The Hyner gas pool, Clinton County, Pa. In Bulletin No. 225, pp. 392-395.
1904. 3b5c. '

Grisworp, W. T. The Berea grit oil sand in the Cadiz quadrangle, Ohio. Bulletin
No. 198. 43 pp. 1902.

Structural work during 1901-2 in the eastern Ohio oil ﬁelds In Bulletin
No. 213, pp. 336-344. 1903. 25c.

Petroleum. In Mineral Resources U. S. for 1906, pp. 827-896. 1907
Structure of the Berea oil sand in the Flushing quadrangle Ohio. Bulletin
No. 346. 30 pp. 1908.

Grisworp, W. T., and Munw~, M. J.© Geology of oil and gas fields in Steubenville,
Burgettstown, and Claysville quadrangles, Ohio, West Virginia, and Pennsylvania.
Bulletin No. 318. 196 pp. 1907.

HaworrH, E. (See Adams, G. I., Haworth, E., and Crane, W. R.; also Schrader,
F. C., and Haworth, E.)

Hayes, C. W. Oil fields of the Texas-Louisiana Gulf coastal plain. In Bulletin
No. 213, pp. 345-352. 1903. 25c.

Haves, C. W., and Kennepy, W. Oil fields of the Texas-Louisiana Gulf coastal
plain. Bulletin No. 212. 174 pp. 1903. 20c.

Hiin, B. Natural gas. In Mineral Resources U. 8. for 1906, pp. 811-826. 1907.

Kennepy; W. (See Hayes, C. W., and Kennedy, W.)

Kinprg, E. M. Saltand other resources of the Watkins Glen quadrangle, New York.
In Bulletin No. 260, pp. 567-572. 1905. 40c.

McGee, W J. Origin, constitution, and distribution of rock gas and related bitu-
mens. In Eleventh Ann. Rept., pt. 1, pp. 589-616. 1891.

(See also Phinney, A. J.)

MunN, M. J. (See Griswold, W. T., and Munn, M. J.) )

OrieEANT, F. H. Petroleum. In Nineteenth Ann. Rept., pt. 6, pp. 1-166. 1898.
‘Petroleum. In Mineral Resources U. S. for 1903, pp. 635-718. 1904. 70c.
Idem for 1904, pp. 675-759. 1905.

Natural gas. In Mineral Resources U. S. for 1903, Pp. 719-743. 1904. 70c.
Idem for 1904, pp. 761-788. 1905.

OrroN, E. The Trenton limestone as a source of petroleum and mﬂammable gas
in Ohio and Indiana. In Eighth Ann. Rept., pt. £, pp. 475-662. 1889. $1.50.

PminNey, A. J. The natural gas field of Indiana, with an introduction by W J
McGee on rock gas and related bitumens. In Eleventh Ann. Rept., pt. 1, pp. 579-742.
1891.

Ricaarpson, G. B. Natural gas near Salt Lake City, Utah. In Bulletin No. 260,
pp. 480-483. 1905, 40c. - ' :

Salt, gypsum, and petroleum in trans-Pecos Texas. In Bulletin No. 260,
Pp. 573-585. 1905. 40c.
Petroleum in southern Utah. In Bulletin No. 340, pp. 343-347. 1908.
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ScHRADER, F. (., and Haworrh, E.  Oil and gas of the Independence quadrangle,
Kansas. In Bulletin No. 260, pp. 442—458. 1905. 40c. .

Scrurtz, A. R. The Labarge oil field, central Uinta County, Wyo. In Bulletin-
No. 340, pp. 364-373. 1908, '

SuALER, M. K. (See Taff, J. A., and Shaler, M. K.)

Srong, R. W. Oil and gas fields of eastern Greene County, Pa. In Bulletin No.
225, pp. 396-412. 1904. 35c.
Mineral resources of the Elders Ridge quadrangle, Pennsylvania.. Bulletin
No. 256. 86 pp. 1905.

StoNE, R. W., and Crarp, F. G. Oil and gas fields of Greene County, Pa. Bulletin
No. 304. 110 pp. 1907.

Tarr, J. A., and SmALER, M. K. Notes on the geology of the Muscogee oil fields,
Indian Terrltory In Bulletin No. 260, pp. 441-445. 1905. 40c.

WasHBURNE, C. W. Gas fields of the Bighorn Basin, Wyoming. In Bulletin No.
340, pp. 348-363. 1908.

WeEKs, J. D. Natural gas in 1894. In Sixteenth Ann. Rept., pt. 4, pp. 405-429.
1895. $1.20.

Wirns, Bamey. Oil of the northern Rocky Mounta,ms In Eng. and Min. Jour.,
vol. 72, pp. 782-784. 1901.
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tion of. Stratigraphy, deseriptionof................. 20-61
production of See also particular formations.
wells of .. Structure, description of.... ... 62-08, 76-77,102-104
water of Structure contours, use of.................... 74-75

Phoenix Qil Co., well of, logof.............. 78 | Sulphur Spring Canyon, definition of...... .. 16

Pipe lines, description of .................. S. W. & B.area. SceMercantile Crude-S. W.

Place names, definitions................. ... & B. area.

Pleasant Valley, definition of ,

s T.
rocks in and near......... . .
structure of .. ... ... P, Tamiosoma zone, character and distribution

Pleistocene deposits, character and distribu- Of e 36

' tionof........ ...l T. C. area. See Peerless, etc., area.
Pliocene rocks, character and distribution of. 29-31, | Tejon formation, character and distribution
56-61 Of o 23-27,

Polvadero Gap, definition of................ 15 76-717, 81, 82, 84, 86, 90, 99,

Porter & Scriber area. See Zier, etc., area. 100,106, 108,109-110,121-122

Pulaski sand, occurrence and characterof. ... 81 oil and, relations of............... 28-29,73,114

Pyramid Hills, definition of._............_.. 14 shale of, age and relationsof............. 27-28
TOCKS Of .o ovvini i 37,38,39 | Tejon zone, occurrence and character of.... . .. 69

Pyramid Hills anticline, description of.. ... 67 .

Temblor Range, definitionof................ 13



142

Tent Hills, definition of
Tertiary rocks, character and distribution of. 23-61

overlaps of..... . iiiiiii e 63-64
Topography, description of.................. 16-19
Transportation, facilities for. 7,12,125-126
Tulare Lake, description of.................. 19

u.

Unconformities, presence and character of.... 63-64
Union area. Sce Associated, etc., area.

V.
Vaqueros sandstone, character and distribu-
tion of.. 29-35,79,90,99,100,101,106,108

oil and, relations of .._............. 31, 35,69-70
sections of oo i 35
Vaqueros zones, occurrence and character of. 69-70
) W,
Waltham Creek, definition of. __............. 15
description of.........o..eiiiiiiiiiil.Lt 19
TOCKS MeAT. ...t ieeiaieiaiaaeaees 41-45

Waltham Creek-San Joaquin Valley coal
99-102

mine area, geology of...........
location of.

0]

INDEX.

................................ 37-38
Water, underground, difficulty with......
relation of, to oil
Wells, depthof...............
Westside field, future development in...... 117-118
See also Call-Confidence area; Mercantile
Crude-S. W. & B. area; Zier-
Porter & Scriber-M. K. & T.
area; Associated-Caledonian~Un-
ion area; Waltham Creek-San
Joaquin Valley area; Sec. 2, T.
21 8., R. 14 E. and vicinity area.

‘White Creek basin, rocksin.............. 49-50, 62

structure of ... ... ... ...l eeaann 65-66
Z.

Zapato Canyon, definitionof......__......... 16
rocksab.. .. ...l 39, 42-43
seetionon..... ..ol 51

Zenith Oil Co., wellof. ... ... ..ot 78

Zier-Porter & Scriber-M. K. & T. area, loca-

production of
wells of

See Oil zones.

Zones, oil.



