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j

GEOLOGY AND OIL RESOURCES OF THE COALINGA
DISTRICT, CALIFORNIA.

By Rarpa Arvorp and ROBERT ANDERSON.

INTRODUCTION.

GENERAL.-

The Coalinga oil district occupies a strip of land about 50 miles in
length by 15 miles in width along the northeastern base of the Diablo
Range, on the southwest side of the San Joaquin Valley, in western
Fresno and Kings counties in central California. 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-
of the Southern Pacific running westerly from Goshen to Coalinga.
The proved productive oil territory is comprised in a band 13 miles
long by 3 miles wide in the foothills in the northern end of the dis-
trict, within the Coalinga field proper, together with a narrow strip
along the district’s southwestern boundary in the Kreyenhagen field.

The rocks of this region are chiefly marine sedimentary strata of
Cretaceous and Tertiary age. These have been subjected to much
disturbance, but are in large part only slightly consolidated. There
are two types of oil, a paraffin oil which appears to have originated
in foraminiferal shales in the Upper Cretaceous, and an asphalt oil
which is believed to have its original source in diatomaceous and
foraminiferal shales of upper Eocene age. The former is accumulated
in sandy zones interbedded with the shales that are supposed to have
given rise to it; the latter, which is the chief product of the district,
is accumulated to some extent in the Tejon formation, but chiefly in
sands of the Vaqueros (lower Miocene), Santa Margarita(?) (upper
middle Miocene), and Jacalitos ‘(upper Miocene) formations. The
Vaqueros is thé principal producer of the district. The oil wells vary
in depth from 600 to over 4,000 feet and penetrate from 20 to over
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
yield ranges from 3 or 4 barrels per day for individual wells in the Oil
City field to as much as 3,000 barrels per day for the deeper holes in

11



12

COALINGA OIL DISTRICT, CALIFORNIA.

the Eastside field. The total production for the district in 1907 was
8,871,723 barrels, in 1908, 10,386,168 barrels, and it has probably

reached over 15,200,000 barrels in 1909.

districts of the State in production:
The location of the Coalinga district and of the other oil-districts
of southern California is shown in figure 1.

It ranks first among the
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FIGURE 1.—Index map showing position of the Coalinga district in central California.

PLAN OF THE PRESENT~:WORK.

The purpose of this report is to treat of the general topography,
geology, paleontology, and occurrence of petroleum in the Coalinga
district, special importance being given in the discussion of the
geology to those features bearing a direct relation to the problems
of present and future development of the oil resources of the region.
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INTRODUCTION. 13

The work is a continuation of the investigation of the California oil
fields that is being carried on by the United States Geological Survey.
During the last half of 1901 and the first half of 1902 George H.
Eldridge began this investigation and made more or less detailed
examinations of the various California oil districts, with the expecta-
tion of preparing a monograph on them. Upon his return from field
work he wrote a brief résumé of the results obtained, and this was
published in “Contributions to economic geology for 1902.””¢ Later
he began the preparation of detailed reports on each field, but unfor-
tunately his death in June, 1905, cut short this work. In the fall
of 1905 the senior author of the present report was assigned to the
complétion of 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.b

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 line between Kings County
and Kern County, near Dudley, and a reconnaissance of the sur-
rounding regions. In order to make the economic results of this
investigation available as soon as possible a preliminary report con-
taining & portion of the matter here presented was published in the
autumn of 1908.¢ ' :

The present report includes a more complete discussion of the
topography, geology, and paleontology, and gains in value by the
addition of maps, sections, and other illustrations, and in particular
by the addition of the paper on the physical properties of the oils
prepared by Irving C. Allen. The preliminary report may be con-
sidered as superseded by.the present one.

In explanation of the plan of this and the other geologic reports
bearing upon the California oil fields, it must be stated that these
publications are intended to be as thoroughly scientific discussions
as possible within the limitations of time available for their prepara-
tion, and they assume upon the part of the reader a general knowl-
edge of the fundamental facts and conceptions upon which any .
searching study of the composition, mineral deposits, and history of

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

b The editions of these reports that were issued for free distribution are entirely exhausted. They are
as follows:

Eldridge, G. H., and Arnold, Ralph, The Santa Clara Valley, Puente Hills and Los Angeles oil districts,
southern California: Bull. U. S. Geol. Survey No. 309, 1907, xi+266 pp., 17 figs., 41 pls.

Arnold, Ralph, and Anderson, Robert, Preliminary report on the Santa Maria oil district, Santa Bar
bara County, California: Bull. U. S. Geol. Survey No. 317, 1907, 69 pp., 1 fig., 2 pls.

Arnold, Ralph, Geology and oil resources of the Summerland district, Santa Barbara County, Cali-
fornia: Bull. U. 8. Geol. Survey No. 321, 1907, 93 pp., 3 figs., 17 pls.

Arnold, Ralph, and Anderson, Robert, Geology and oil resources of the Santa Maria'district, Santa
Barbara County, California: Bull. U. 8. Geol. Survey No. 322, 1908, 161 pp., 26 pls.

¢Bull. U. 8. Geol. Survey No. 357, 1908, 142 pp., 1 fig., 2 pls.
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the earth must be based. The reports may be criticised as being
too technical and as not easily comprehensible by the ordinary
reader; but the form of discussion adopted is the only possible method
of presentation because the treatment involves a certain amount of
technical knowledge and the use of exact terms. 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.2

ACKNOWLEDGMENTS.

The writers wish to acknowledge their indebtedness to the late
George H. Eldridge for the use. of the notes collected by him during
his examination of the field. Acknowledgment is also due to other
‘previous workers in the field, among whom are W. L. Watts, Frank
M. Anderson, John H. Means, and H. R. Johnson. This paper bene-
fits by the inclusion of chemical analyses of rocks furnished by
W. F. Hillebrand and R. C. Wells, of the United States Geologicdl
Survey, and of a discussion of the petrographic character of the
syenite from White Creek, by E. S. Larsen, jr., also of the Survey,
S. G. Mason aided in the preparation of the fossil tables.

The economic value 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;
also a comparison-of the conditions met in‘a given territory with those
in other better-known fields is often of great assistance; but for fur-
nishing 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 been accumulated, and whatever of accuracy and value
there is in the underground map and statements concerning the
* geology of the wells in this report is due almost entirely to the gener-
osity of the operators in this field in supplying the information. = The
writers therefore wish fo 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. James H. Pierce, W. W. Orcutt, S. A. Guiberson,
jr., R. W. Dallas, W. R. Hamilton,-A. and H. Kreyenhagen, R. S.
Peeler, A. M. Anderson, H. G. Anderson, J. M. Atwell, Charles Babtie,
Gordon M. Baker, R. C. Baker, Orlando. Barton, H. J. Bender,
Scott Blair, S. R. Bowen, F. S. Brack, H. H. Brix,.C. A. Canfield,

a Any of the following, besides various others, will be found useful: Dana, Text-book of geology; LeConte,
Elements of geology; Chamberlin and Salisbury, Geology (3 parts); Geikie, Text-book of geology.
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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. A. Gray, W. A.
Greer, L. P. Guiberson, H. D. Guthrey, S. H. Hain, H. H. Hart,
Thomas Hayes, R. S. Hazeltine, H. Henshaw, W. A. Hersey, Paul
Huntsch, W. A. Irwin, W. N. Kerr, W. P. Kerr, J. E. Kibele, Besley
Lafever, J. L. Lennon, Walter Lewin, M. E. Lombardi, E. W. Mason,
W. G. McCutcheon, R. P. McLaughlin, W. O. Miles, J. H. Miller,
S. E. Mills, R. B. Moran, T. A. O’'Donnell, P. F. Page, Z. L. Phelps,
J. H. Raney, Charles V. Reynolds, George D. Roberts, J. M. Robert- -
son, C. N. Root, Guy H. Salisbury, George Schwinn, H. N. Seavers,
Max Shaffrath, R. E. Shore, R. H. Smith, H. F. Stranahan, R. E.
Thompson, T. H. Turner, P. S. Turnbull, J. Waley, J. L. D. Walp,
Alex Wark, J. H. Webb, M L. Woy, J. B. Wrenn, John M. Wright,
and many Othels who have contributed in one way or another to the
‘value of the report.

The writers also wish to express their gratitude-to Mr. R. B. Mar-
shall, geographer in charge, and to Mr. E. P. Davis, topographer, for
hearty cooperation dullng the course of the field season, when the
topographic and geologic work were progressing simultaneously.

ADVANTAGE OF COOPERATION AMONG OPERATORS.

The Coalinga oil field will continue to be the. greatest in California
if every operator will conserve to the utmost the supply of oil stored
within the boundaries of the dlstnct and by wise management aid in
keeping it available. An approximation of the amount of available
oil in the territory covered by the underground-contour map (Pl. XV)
182,737,000,000 barrels. (See under the heading ““ Production,” p.247.)
Some persons have the idea that underground resources of any kind
are inexhaustible, but the notion is erroneous. When the oil in any
field is once exhausted it will not be replaced within .the limits of:
many centuries, if ever. It is not impossible that the processes of oil
formation and migration are taking place constantly in some places,
but such processes are so exceedingly slow when measured in years
that they may be considered for practical purposes as nonexistent.

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. Thislack of troubleis probably due largely to the little-dis-
turbed condition and the uniformity of the oil-bearing formations over
most of the territory. But trouble from water is becrmmng to show
its effects in certain parts of the field, and in more than one instance
wells not yet abandoned are beheved to be, either through accident
or carelessness, 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
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information about the underground geology. It seems shortsighted
for one operator to withhold his logs and other information about
underground conditions from his neighbor, when this very withhold-
ing 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 the legislature will recognize the needs of the petroleum
interests in California, and, as has been done in other States, provide
laws protecting the producers from negligent, shortsighted, or crimi-
nally careless methods.

PREVIOUS KNOWLEDGE OF THE GEOLOGY.

The mountains and plain along the western border of the interior
valley of California have not received much attention from scientific
investigators, owing to their isolation, the sparseness of the popula-
tion, and the difficulties of travel. In recent years, however, the
exploitation of its mineral resources has called attention to the region,
and a small body of literature containing information of various
kinds regarding it is gradually growing up. The early surveys of
portions of California that were made in connection with the explo-

rations for a railroad route to the Pacific Ocean by a number of

engineers and scientists under the direction of the United States
War Department, and in connection with the State Geological
Survey under J. D. Whitney, did not include the region of the
Coahnga district, so that until recent years little was known directly
concerning its geology or physical features.

The State Geological Survey party carried its geologic reconnais-
sance no farther south in the Diablo Range than the region of the New
Idria quicksilver mine, which is about 25 miles northwest of Coalinga,
but some general references to the topographic aspect of the more
southerly mountains were made in the report published by Whitney
and are quoted below in the discussion of place names. In 1888 the
United States Geological Survey published a report by G. F. Becker &
on the quicksilver deposits of the Pacific slope, which contains a
chapter on the geology of the New Idria region. The features of
that region are in many respects similar to those along the Diablo
Range farther south.

The occurrence of coal, quicksilver, oil seepages, and gypsum in
the region of the Coalinga district and the hope of finding other
mineral deposits led a number of persons to prospect there in the early
years, and the amount of investigation of this kind that has been
conducted has increased more recently, with the result that an
extremely productive oil region has been discovered and developed.
But the first systematic geologic investigations that are known

a Mon. U. 8. Geol. Survey, vol. 13, 1888.
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to have been carried on were those of W. L. Watts, who examined
the oil fields along the border of the central valley of California for
the California State Mining Bureau, and published a report on them
in 1894.¢ The report contains valuable information concerning the
geology of particular areas and gives a general outline of the suc-
cession of the geologic formations, the ages of which were determined
roughly with the aid of paleontologio identifications by J. G.
Cooper. The material of this report is reviewed in a later publication
by the same writer.?

In 1894 J. G. Cooper published a paper in Whlch. he describes the
fresh—water fossils collected by Watts i in the region of the Kettleman
Hills, west of Tulare Lake.®

In the course of his investigations of the geology of the California
oil fields George H. Eldridge, of the United States Geological Survey,

spent much labor in studying out the intricacies of the geologic for-
mations along the eastern flank of the Diablo Range, but unfortunately
his death left the work uncompleted. A brief review of his knowledge
of the petroleum fields of the State, in which he outlined some of
the main facts in the geology of the Coalmva field and adjoining
regions, appeared in 1903.¢

Up to 1905 the notes pubhshed on the physxcal features of the
Coalinga district had been scattering, but in that year Frank M.
Anderson who had been led by his interest in the oil fields and in
California geolowy in general to take up a study of this region, pub-
lished a paper¢ in which a comprehensive review of the geology and
paleontology of the Coalinga district and nelghbormv regions is
‘ven. The paper has been of considerable service to the present
writers and frequent reference to it will be noted in the text.

Shortly before the appearance of the authors’ preliminary report
(Bull. 357) Frank M. Anderson issued a paper/ supplementing the
one just mentioned and offering a revision of some of his first conclu-
sions regarding the age of what he called the ‘‘Coalinga beds’’ and
““Monterey shale.” A brief summary of the principal paragraphs in
his first paper is also given, this being made advisable by the destruc-
tion of the California Academy’s stock of that paper during the fire
of April, 1906.

a The gas and petroleum yielding formations of the central valley of California: California State Min.
Bureau, Bull. 3; 1894.

b 0il and gas yielding formations of Cahfomia California State Min. Bureau, Bull. 19, 1900.

¢ On some Pllocene frcsh water fossils of California: Proc. California Acad. Sci., 2d ser., vol. 4, pt. 1, 1894,
p. 166.

d Contributions toeconom.lcgeology for 1902: Bull. U. S. Geol Survey No 213, 1903, pp. 306-321.

e A stratigraphic study in the Mount Diablo Range, California: Proc. California Acad. Seci., 3d ser.,
Geology, vol. 2, No. 2, 1905, pp. 156-206, with plates.

/ A further stratigraphic study in the Mount Diablo Ra.nge of California: Proc. California Acad. Scl.,
4th ser., vol. 3, 1908, pp. 1-40.

88170—Bull. 398—10—2
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Owing to the rapid development of the oil resources of the Coalinga
district and the demand for information regarding the region, a pre-
liminary report, containing the major portion of the data of direct
importance to the problems of oil occurrence that have been col-
lected by the present writers, was published in November, 1908, as
Bulletin 357 of the United States Geological Survey. A brief paper
dealing with a portion of the district describes the occurrence of
recently formed conglomerate on White Creek.2

Paleontology has played a prominent part in the working out of -
the various problems, both scientific and economic, connected with
the Coalinga district, and in order to present this branch of geology
more fully a bulletm entitled “Paleontology of the Coalinga district,
Fresno and Kings counties, California,” was prepared by the senior
author and has just been 1ssued as Bulletin 396 of the United States
Geologlcal Survey.

GEOGRAPHY AND TOPOGRAPHY.
DEFINITION OF PLACE NAMES.

For the sake of accuracy and convenience of reference a proper
understanding must be reached regarding the names of the various
places and features in the Coalinga district before a proper topographic
and geologic description can be given. 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. -In the following pages are definitions of names that have
been newly applied and names whose application has been made
more definite. Almost all these names, including all the more im-
portant ones, 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 accompanying this report.

OOaZinga district.—The application of this name to the whole
region included in the map accompanying this report is dlscussed on
page 25.

Coalinga field.—The term ‘‘field ” has been adopted as representmg
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 devel-
oped oil field in the northern portion of the territory mapped, round
about Pleasant Valley, in which Coalinga is situated. This region
is in turn subdivided into the Eastside, the Westside, and the Oil
City fields, terms which are in common usage and will be defined
in the d1scuss1on of the developed termtory

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

a Conglomerate formed by a mineral-laden stream in California, by Ralph Arnold and Robert Anderson:
Bull. Geol. Soc. America, vol. 19, 1908, pp. 147-154.
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Kettleman Hills field—The possible future oil field east of the
Kettleman Plain will be referred to as the Kettleman Hills field.

Diablo Range—The Diablo Range is the easternmost member
of the California Coast Ranges south of San Francisco Bay. It
extends southeastward from Carquinez Straits along the western
border of the San Joaquin Valley. The name is taken from Mount
Diablo, a prominent peak 15 miles southeast of Martinez on the Car-

.quinez Straits, and heretofore has been variously used for the small
* group of mountains centering around this peak, or for a part or all

of the group of mountains extending southeastward from there and
limiting the central valley of California on the west. The United
States Geographic Board has fixed the southern limit of the range at
Antelope Valley in the northwest part of Kern County just south
of the region mapped as the Coalinga district, and has determined
that the correct name is ‘‘Diablo Range, ” instead of ‘‘Mount Diablo,”
“Monte Diablo,” or ‘‘Sierra del Monte Diablo.” The range is
considered as terminating at this valley because it there sinks into
low spurs, and the continuation of the mountain belt beyond the
valley is a markedly individual range that is en échelon with the
southernmost spur of the mountains to the north. This spur bringing
the Diablo Range to an end is the one dividing Antelope and McLure
valleys, later referred to as Avenal Ridge. San Benito River sepa-
rates the Diablo and Gabilan ranges farther north, but in the latitude
of the Coalinga district the two ranges, owing to a complication of
structures, coalesce into a high mountainous tract in which various
component members run at angles oblique to the main trend of the
Coast Ranges. In the ‘portion south of the headwaters of San
Benito River and Los Gatos Creek, the range may be considered as
extending clear across to the drainage basin of Salinas River. In
his chapter on the ‘‘Monte Diablo Range” ¢ J. D. Whitney devotes
the opening paragraph to a definition of the range. He says:

In its northern extension the Monte Diablo Range is easily defined; but to the south

it widens and inosculates with other ranges, or spurs, falling into it from the northwest,
until finally, uniting with the extreme western members of the great group of the Coast

.Ranges, it forms the broad region of high rolling hills, intersected by a labyrinth of

narrow valleys, which lies between the parallels of 85° and 35° 30/ and where distinct-
ness of nomenclature for the different groups of elevations is almost entirely lost. For
convenience, and as representing as nearly as possible a natural division of the Coast
Ranges, the Monte Diablo Range may be considered as terminating to the south in the
low ridges running out into the San Joaquin Plain at the head of Los Gatos Creek, in
latitude 36° 20.

Elsewhere,® however, Whitney does not adhere to this limitation
of the range, and describes as its most southerly division the moun-
tains lying to the south between the ‘‘Estrella Pass,” by which

aGeol. Survby California, Geology, vol. 1, 1865, p. 8.
bIdem, pp. 9-10.
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he means the divide at the head of Los Gatos Creek, and the
‘“Roble Pass,” by which he means some divide across the range oppo-
site the town of Paso Robles, most probably the pass now known as
the Polonio Pass, which is at the head of Antelope Valley and which
is here adopted as the southern termination of the Diablo Range.
Whitney divided the range into several divisions, of which the
above-mentioned division is the southernmost. He named it the
“Estrella division,” the group of mountains next to the north of it,
between the head of Los Gatos Creek and the Panoche Pass, being
named by him the ‘‘San Carlos division.”

The explorations of the Geological Survey of California in the Diablo
Range did not extend farther south than the region of the New Idria
quicksilver mines, and therefore the knowledge obtained by them of
the mountains to the south was not extensive. This is indicated by
Whitney’s impression, stated in the paragraph above quoted, that the
southern continuation of the Diablo Range united with the western-
most members of the Coast Ranges between latitudes 35° and 35° 30’. -
As a matter of fact, the easternmost division of the Coast Ranges is
isolated along most of this portion of its course, and may more properly
be said to unite with the westernmost mountains south of latitude 35°.
Other points in his description of the mountains are correct, however,
and point to the appropriateness of including the ‘‘ Estrella division”
as a part of the Diablo Range. He characterizes the divide between
the head of Los.Gatos Creek and the San Benito River as “‘not a low
one,” and states that the ‘“ Estrella division” to the south of this is of
considerably less elevation than the “San Carlos division,”” and that
it “‘sinks very low as we approach Paso Roble.” The divide at the
head of Los Gatos Creek is, in fact, high and does not form a pro-
nounced break in the range, whereas the mountains do sink low in the
McLure, Antelope, and Cholame valleys, at the south end of the group
named by Whitney the ‘‘Estrella division.” It is therefore in har-
mony with Whitney’s description of the Diablo Range, as well as
with the features of the relief, to consider the range as terminating in
the region of Antelope Valley.

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.

The topographic and structural separation of this range from the
Diablo Range is definitely marked on the north by Antelope Valley,
but its northeastern termination must be more arbitrarily assigned.
It may be considered as ending at Cholame, or as continuing to the
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northwest across the canyon of Cholame Creek and following the west-
ern side of Cholame Valley to some point northwest of Parkfield.
It seems more appropriate to consider it as so continuing and finally
terminating gradually in the inclined plateau that slopes to Salinas
River. The name Temblor is particularly suited to the range for two
reasons: First, 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 and trough resulting from recent move-
ments can be traced all along this line. Second, because the well-
known old Temblor ranch, west of McKittrick, is situated on its
flanks.

Joaguin Ridge.—A very prominent structural ridge runs south-
east from the high mountains south of Idria to the San Joaquin
Valley north of Coalinga, forming the divide between Los Gatos
Creek on the south and the tributaries of Salt Creek and Cantua
Creek that run northeastward to the San Joaquin Valley. The
ridge forks in its upper part, one branch heading in a mountain
nearly 5,000 feet high situated in the northwest corner of the area
mapped, and the other to the north, in the high region of San Benito
Mountain. The summit of the ridge is serrated with picturesque
rocks, one striking group of which is locally known as the ‘“Joaquin
Rocks.” The name Joaquin Ridge is here applied to the ridge.

Anticline Ridge.—The oil field north of Coalinga is on the nose of
Joaquin Ridge, and immediately southeast of the main portion of the
field is a depression in the ridge. Southeast of this point, which is in
the southern part of sec. 34, T. 19 S., 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. (See Pl. XV.) This ridge is formed by a perfect -
anticlinal nose, and is therefore referred to as ‘“ Anticline Ridge.”

Juniper Ridge.—A ridge approximately parallel with Juniper 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
Canyon). It is a high, rugged ridge dividing the important Waltham
Valley depression on the southwest from the Los Gatos Creek depres-
sion on thenortheast and the lowhills between Los Gatos and Waltham
creeks (Alcalde Hills) on the east. This ridge is cut abruptly by Wal-
tham Creek, south of which it is continued for about 2 miles in the
isolated ridge known as “ Curry Mountain.” Itis here called ““ Juniper
Ridge”” owing to its characteristic vegetation.

Castle Mountain.—The name Castle Mountain has heretofore been
indefinitely applied to a part or all of a high, sharp-ridge at the head-
waters of Zapato, Canoas, and Big Tar creeks, which is visible from
the valley on the east as the summit of the Diablo Range. The
ridge is a very definite natural feature, presenting an abrupt escarp-
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ment to the northeast, and forms the western boundary of the south-
ern corner of Fresno County. It extends from about the head of
Zapato Creek to a point south of the head of Avenal Creek. The
name may well be used for the whole ridge. This name has not been
passed upon by the United States'Geographic Board.

Avenal Ridge.—The name Avenal Ridge is here applied to the
mountains separating Avenal Creek and McLure Valley from the
Cholame 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, and afford a flourishing annual growth of volunteer
oats. (See Pls. IX, A4, and XI, A.)

Reef Ridge.—A promment rldge faces the low hills that border
Kettleman Plain, running southeast, between Castle Mountain and
‘the foothills, from the south fork of J acalitos Creek (Jasper Canyon)
as far as Little Tar Canyon north of Dudley. A steep escarpment
follows the northeast flank of this ridge, being formed by the promi-
nent lower Miocene fossiliferous strata termed the ‘““reef beds,”
which dip at a high angle and owing to their resistance rise high
above the softer sand hills on the northeast. The name Reef
Ridge, which is indicative of the most prominent one of its topo-
graphic features and of an important element of its geologic struc-
ture, is here applied to this ridge. (See Pl. VIIL.)

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

Jacalitos Hills—The foothills between Waltham and Jacalitos
creeks are here given the name Jacalitos Hills. Xacalli is an Aztec
- word adopted by the Mexicans, meaning. “Indian hut” or “wig-
wam,” and Jacalitos means ‘“‘the little wigwams.” The origin of
this name is not known, but an observer can not fail to see in the
symmetrical conical knolls a resemblance to tents or wigwams from
which the name might have sprung. This descriptive suggestion
makes the name particularly applicable to these hills. (See P1. 1T, B.)

Kreyenhagen Hills.—The foothills southeast of Jacalitos Creek
between Reef Ridge and Kettleman Plain, may be named Kreyen-
hagen Hills. (See Pl II, A.) The name is that of three families
owning large tracts of land there. They are early settlers and’
almost the only inhabitants, and the region is generally known as
the “Kreyenhagen country” or ‘“Kreyenhagen’s,” or the ‘“Kreyen- -
hagen field.” The last name is 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 Dagany Gap, where the Avenal flows



GEOGRAPHY AND TOPOGRAPHY. .23

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 with a succession of .conical hills, which when viewed from the
east appear like isolated and similar pyramids. They are therefore
- here called the Pyramid Hills.

Tent Hills.—A somewhat similar line of hills of peculiar topo-
graphic and. geologic structure extends along the Avenal at the.
northeast 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 depres-
sion. Owing to the resemblance of the individual hills to tents
they are here called the Tent Hills. (See P1. XI, A4.)

Guijarral Fills.—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 under the designation Guijarral. This is a
Spanish word meaning ‘“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 McLure Valley, south of Dudley, through which Avenal
Creek takes its outlet. It is named from an old settler of that region.

Avenal Gap.—The Kettleman IHills are cut at latitude 35° 50" by
a completely graded stream channel that is now followed by Avenal
Creek. It will be referred to in the text as Avenal Gap.

Polvadero Gap.—At their north end the Kettleman Hills are
separated from the Guijarral Hills by a plain which is the drainage
course of Zapato, Canoas, and Garza creeks. It is called Polvadero
Gap because 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 ‘“War-
tham,”” “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 lower portion of the stream course.
(See Pl. V, A) The name Waltham Valley already in use for this -
upper valley should be definitely restricted to that part and not
applied to the valley of the lower portion of the stream. It seems
advisable to distinguish the canyon formed by Waltham Creek along
its lower course under the name Alcalde Canyon, thus preserving a
name which is already understood as referring only to the lower part.
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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.-

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, that is the original and proper name.
It is, however, widely known as “Sunflower Valley” by reason of the
abundant growth of wild sunflowers.” The United States Geographic
Board has decided that the former is the correct usage. (See Pl
XI, 4.)

Kettleman Hills and Plain.—The United States Geographic Board
has decided that these names are properly written with an “e” and:
should not be spelled ““Kittleman.”

Various creeks and canyons.—The Geographic Board has con-
sidered the various usages in regard to the names of the creeks in
the Coalinga district, and the results of its decisions appear on the
map. :

For convenience of reference the present authors have applied
names to the various marked canyons in the district. The canyon
* that runs north and south 7 to 10 miles due north of Coalinga, which
is followed by the road to Oil City, is named Oil Canyon. (See PL
III.) The canyon in the Alcalde Hills which runs southeasterly
across secs. 2, 11,12, and 13, T. 21 8., R. 14 E., and which throughout
its course across secs. 2, 11, and 12 is practically coincident with an
anticline, is called Anticline Canyon. The application of thename
Alcalde Canyon has been made above. The south fork of Jacalitos
Creek may be appropriately named Jasper Creek, from the picturesque
and brilliantly colored buttes of jasper that surround its upper por-
tion. The name Jasper Canyon is therefore applied to the gorge

that this stream forms across the northwest 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 south fork of Zapato Creek, 2 miles farther east, may be named
Sulphur Spring Canyon from the abundance 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 usage 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 east side of the NW. % sec. 29 and crossing the
ridge at the head of this branch canyon in the center of the NW. %
sec. 21, T. 19 S,, R. 15 E This name will be frequently used for
reference
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Dudley-Lemoore road.—The good road crossing‘ the Kettleman
Hills about 4 miles north of Avenal Gap will be referred to as the
Dudley-Lemoore road.

LOCATION.

The region here mapped and referred to 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 southeast end to
120° 37" west longitude and 36° 20" north latitude at itsnorthwest
end, along the foot of the Diablo Range. This is the easternmost
member of the Coast Ranges, on the border of the Great Valley of
California. The district as mapped is roughly 50 miles long and 15
miles wide and extends over 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 the crest of the Diablo Range.

The developed oil territery commonly referred to as the Coalinga
field is in the northern part of the district, in the foothill region
around Pleasant Valley, where the town of Coalinga is situated. This
is the only important settlement in the district or in the large sur-
rounding region, the country being very sparsely inhabited. The
names QOil City, Alcalde, and Dudley, which are marked on the map
and often referred to in the text asif they represented places of impor-
tance, derive their chief importance from the scarcity of place names in
the region and the necessity of having points of reference. Oil City
is merely an area in which an oil camp is situated and in which
development took place in an early part of the history of the field,
Alcalde is the terminus of the Coalinga branch of the Southern Pacific
Railroad near a farmhouse a few miles southwest of Coalinga, and
Dudley is a stage station and post-office in McLure Valley. Oilfields
is a post-office recently established in the field north of Coalinga.

The branch railroad mentioned joins Coalinga with the main lines
of the Southern Pacific and Atchison, Topeka and Santa Fe railroads
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 in the latitude of this district at four points—(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 down Avenal Creek and McLure Valley.
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" CLIMATE, DRAINAGE, AND VEGETATION.

The climate in the region of foothills and plain along the western
borderof theSanJoaquin Valleyis arid. Therainfall is almostentirely
limited to the ““rainy season,” chiefly from November to March, and
is then slight. During-the summer the days are hot and the atmos-
phere dry, the region becomes desiccated, and the streams dwindle
and cease to flow on the surface before reaching the valley. They
continue, however, to have an underground flow and the plains thus
receive underground much of the drainage of the Diablo Range. .
Water is obtainable in wells at most places in the district, but it is
generally poor. Large quantities of it are pumped from beneath the
plain at various points and it is likewise found abundant at various
‘depths in the oil wells drilled in the hills. Owing to the large original
content of salts of various kinds in the formations, and the aridity of .
the climate, which allows this material to remain on and near the sur-
face, the waters of the region are usually highly mineralized. Almost
all water used for drlnklng purposes is brought by train from farther
out in the San Joaquin Valley.

The vegetation, as shown in the landscape views accompanying the
‘text, is very sparse. The large plain and lower hills are naturally
" treeless and are overgrown with herbaceous and shrubby perennial
vegetation, in most places scantily, as illustrated particularly by
Plates II, A and B, III, and XVIII. The higher hills and the nar-
rower valleys have in addition to such vegetation a scattering growth
of small trees, principally oaks and junipers, as illustrated in Plates
XVIII, IX, A, and XI, B. The mountain slopes are dotted with
numerous, although rarely thickly set pine, juniper, and oak trees
and present an attractive background to the valley border region.

Some of the trees attain a good size and are locally used on a small
scale for lumber. The growth on the higher slopes as shown in
Plate XVIII is fairly typical of the mountainous region. The
character of the underlying rocks exerts a marked influence on the
vegetation, and belts occupied by different formations or lithologic
zones may frequently be traced by the abundance or sparseness or
character of the plants.
RELIEF.

-GENERAL TOPOGRAPHIC FEATURES.

The Coalinga district owes its broader topographic features to its
position along the border between the Coast Ranges and the interior
valley of California. 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 plain stretches thence with unbroken sweep to the foot
of the high wall of the Sierra Nevada, the snowy summit of which is
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A. ARID FOOTHILL BELT OF TERTIARY FORMATIONS.
Looking northeast from Zapato Creek across Kreyenhagen Hills toward the valley. Photograph by Ralph Arnold.

B. MONOCLINE OF TERTIARY STRATA IN JACALITOS HILLS.

Looking north from Jacalitos Creek, along the strike of the beds on the left, and across the strike on the right. Photograph by Robert Anderson.
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frequently part of the'landscape in the early morning or during the
whole of clear days. The foothills form a continuous belt, in places
narrow but more commonly miles in width, along the base of .the
mountains, but are arranged in several groups along the base and
around the ends of spurs descending southeastward from the Diablo
Range, the groups being separated {rom each other by reentrant val--
leys that open out to the San Joaquin Valley.

- Viewed from a distance across the dry, treeless plain the moun-
tainous belt of the Diablo Range appears as a continuous, fairly even-
topped ridge, covered with scattering vegetation and therefore blue
. in color, set back behind a broad belt of lighter-colored, grass-grown
foothills that seem to form an inclined terrace sloping up gently
_ toward the mountains. From nearer at hand broad valleys appear
inclosed within outlying foothill spurs, the near-by hills assume great
prominence and are seen to be sharply dissected, deep canyons appear
within the mountainous belt, and the horizon line is observed to be
formed not by one continuous mountain ridge but by a series of dis-
continuous overlapping ridges running into the range toward the
northwest at angles slightly oblique to the general direction followed
* by the edge of the valley and the range as a whole.

The area included in the accompanying map is not a well-rounded
topographic province. None of the larger.stream courses are shown
more than in part, and the area is bounded not by the main crest.of the
mountains but by overlapping sectlons of the outlying high ridges
that face the valley.

Some of the prominent features of the landscape havc been out-
lined and briefly described in the preceding discussion of place names.

DIABLO RANGE.

General features.—The Diablo Range in the latitude of the Coa-
linga district is a broad mountain group of moderate general profile
but locally rugged character forming a continuous barrier 2,500 to
5,000 feet in height and 30 to 40 miles broad between the San Joaquin
Valley on the northeast and the San Benito, Salinas, and Cholame
valleys on the west and southwest.

The summit altitudesof the crests of therange declinefrom theregion
north.of Los Gatos Creek in the San Carlos division toward the south
in the Estrella division (these names being those applied by the Geo-
logical Survey of California under Whitney, as before mentioned), until
finally declining along Avenal Ridge toward McLure and Antelope
valleys, where the range comes to a stop and gives place on the south-
west to the Temblor Range. Portions of the main watershed appear
upon the accompanying map at only two points—in the northwest
corner, which is marked by a peak nearly 5,000 feet in height that
stands at the head of Joaquin Ridge, and in the southwest corner,
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where the much lower Avenal Ridge, the southernmost spur of the
range, appears. In the intermediate region the ridges that are repre-
sented on the western edge of the area are in general separated from
the main divide farther west by a region of lower relief determined
by the presence of oblique structural valleys, of which Waltham Val-
ley is the principal ene.

Distinction from foothills.—The mountainous region within the Coa-
linga district is marked off topographically from the foothill region
both by its higher altitudes and steeper slopes, which in many cases
begin abruptly along a line at the margin of the foothill belt, and by
its somewhat different type of topographic development. The two
regions are geologically distinct, for the reason that the mountain
tract is one almost entirely of older and harder rocks, and the foot-
hills mark the belt of softer Tertiary and Quaternary formations.
In some portions of the region, however, a line of separation between
the foothills and features more properly called “mountains’ is not
naturally traced.

Outcrops and slopes.—The mountainous region affords abundant out-
crops. Itowesits topographic distinction from the foothill belt largely
to the superior hardness of its constituent rocks, which stand out on
ridge tops and canyon sides with bold relief. Asexamples may be cited
the remarkable exposures of the sandstone strata on the flanks of
Joaquin Ridge, along the face of Reef Ridge (see Pl. VIII),and on the
escarpment of Castle Mountain. The ridges are usually fairly even-
topped, and have gentle summit slopes descending toward the larger
drainage lines that follow the lines of structure and toward the val-
ley; their flanks where cut by erosion have steep sides that drop
abruptly into V-shaped transverse canyons. Steep slopes also border
the broader structural valleys as effects of the structure—for exam-
ple, the southwest face of Juniper Ridge and Curry Mountain (P1. V,
A) and the northeast face of Castle Mountain, which are prob-
ably due to faulting, and the steep dip scarp of Reef Ridge (P1. VIII).
As suggested above, the lines of drainage are principally of two kinds,
those paralleling the structural lines and directly consequent upon the
structure, which are the main lines, and those transverse to the struc-
ture, which are more strictly erosional in origin and are the principal
lines of sharp dissection. These second lines of drainage have small
tributary courses due to erosion that run either parallel with or oblique
to the strike of the beds, and likewise cut deeply, exposing dip slopes
and strike faces. :

Constituent ridges.—A peculiar feature of the Diablo Range, which
has already been suggested, is the presence along its eastern flanks of
numerous spurs running out toward the southeast and of reentrant
valleys between these spurs. These ridges and valleys trend a little
more nearly east and west than the range as a whole, which trends
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about N. 35° to 40° W. 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 its structural continuation in Anticline Ridge and
the Kettleman Hills, Juniper Ridge and Curry Mountain, Reef Ridge,
the mountain northwest of McLure Valley, between the drainage of
Big Tar Canyon and Avenal Creek, which forms. the southern exten-
sion of Castle Mountain, and Avenal Ridge. These, as well as the
valleys or depressions separating them; are the topographic expression
of folds and faults running obliquely to the main trend of the Diablo
Range. These constituent ridges, which were mentioned under the
subject of place names, will be described individually in the following
paragraphs. v :

Joaquin Ridge.—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 a thousand 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 ridge has a narrow but rounded crest that descends gradually
from an altitude of nearly 5,000 feet in the northwest corner of the
district toward the east and southeast, and then declines more steeply
toward the head of Oil Canyon and the high foothills on which the
Eastside oil field is situated. From a distance the summit appears
smooth except for occasional notches and the sawtooth appearance
presented by the outcrops of strata that dip down the ridge. One
group of these outcrops forms the picturesque towers known as the
Joaquin Rocks. On either side the ridge sends out long, smooth-
topped, but steep-sided lateral ridges that decline by gentle stages
toward the adjacent main lines of drainage and toward the valley.
These ridges are separated by deeply trenched canyons transverse to
the strike of the strata.

Toward its head Joaquin Ridge has a different topographic char-
acter, due to the different nature of the rocks. It assumes the gentle
outlines everywhere characteristic of the areas occupied by the serpen-~
tine associated with the Franciscan formation. The flank extending
down to White Creek appears like an inclined plain notched by widely
separated shallow troughs. This portion of the ridge is made visible
from a long distance by the white deposits of serpentine lying on the
surface, and from near at hand it is seen to be covered over great -
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areas by bare piles of white, yellow, gray, and brownish-red com-
minuted serpentine.

The length of Joaquin Ridge is nearly 20 mlles and the extent of
its flanks from side to side, roughly speaking, 10 or 12 miles.

Juniper Ridge and Curry Mountain.—Juniper Ridge and Cmry
Mountain form the next spur to the southeast, beyond t,he Los Gatos
Creek and Pleasant Valley depression, belonging together as a contin-
uous structural feature due in part to faulting on the southwest side
and in part to the hard strata that strike along it and form the summit
(P1. V, A). Within the district this feature has alength of about 14
miles, and it extends much farther northwest. It gradually declines
in altitude from elevations of about 4,000 feet at the northwest end to
2,400 feet on the summit of Curry Mountain. The sharp gap of
Alcalde Canyon, which begins at the point shown in Plate V, A,
divides the spur into the two portions named. In the southeastern
portion of its extent this spur presents a steep scarp on the southwest
side, where it bounds Waltham Valley, and on the northeast a gradual
monoclinal 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
depression. '

Reef Ridge—Beyond the low area last mentioned a prominent
salient springs up along Jacalitos Creek and extends for about 23
miles southeastward as a high divide between the foothills bordering
the Kettleman Plain and a belt of low relief, not shown on the map, in
which Jacalitos, Zapato, Canoas, and Big Tar creeks head. This
divide is Reef Ridge, and all the streams named, as well as their forks,
cut sharp gorges through it to a depth of 800 to 1,200 feet. The cliffs
on its northeast face and some of the minor canyons crossing it are
well shown in Plate VIII. The ridge has a general monoclinal struc-
ture, the component strata dipping steeply northeastward as a general
rule. The ridge is due in part to the strike of the hard strata and
in part to faultmg along the southwest side. At its southeastern
extremlty it gives place to the minor ridge of the Pyramid Hills, which
is en échelon with it.

The summit of Reef Rldge rises with smooth but falrly sharp crest
from the northwest end toward the central portion, but there breaks
into a belt of salient peaks and ridges, some of which rise consid-
erably over 3,000 feet above sea level between the deep canyons that
cut across the ridge and the branch canyons that follow along the
strike of the softer zones. At the southeast end the ridge narrows.
into a single sharp crest with even summit and declines gradually to
an elevation of less than 1,000 feet. The northeast flank of Reef
Ridge is formed by the steeply tilted hard ““reef beds” of the Vaqueros
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(lower Miocene) sandstone, as shown in Plate VIII. Its slope
reflects the high angles of the strata and forms a wall against which
the comparatively low foothill belt stands in marked contrast.
The canyons that are deeply cut at short intervals down the north-
east flank of the ridge or-completely across it have carved the reef
beds into a row of serrate peaks, and parallel zones of hard beds in
the Eocene and Cretaceous formations below are similarly although
less prominently affected. From near and far Reef Ridge is a pic-
turesque feature of the landscape, and from each changing view point
it assumes a different stﬁking aspect.

Castle Mountain.—The next salient of importance entering the
area of the map is 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 southeastward continuation of the precipitous ridge
of Castle Mountain. Castle Mountain itself is visible from almost
“all parts of the district as a high, sharp ridge with long, fairly even
sky line and abrupt eastern face. It parallels Reef Ridge on the
southwest and does not enter the area mapped. The hill group that
continues the general line of relief toward the southwest juts out
toward McLure Valley as a cenically shaped mass reaching a height
of over 2,500 feet and sloping away at a medium angle on the north,
east, south, and southwest. Around about its base there is a pecu-
liar double row of hills and concentrically arranged depressions that
give the group a unique appearance. These features are due to the
geologic structure of the spur, which, broadly speaking, is domelike,
and to the curving strike around its base of the hard zones that have
become weathered and eroded into relief.

Avenal Ridge.—Reef Ridge and the last-mentioned spur are sepa-
rated from the next salient to the south, Avenal Ridge, by the wide
plain of McLure Valley and by the valley of Avenal Creek. -Avenal
Ridge is the main divide of the Diablo Range. Its extent within the

district is less than 9 miles, but it continues beyond, northwestward. .

It is formed by an important closely folded anticline that plunges
steeply southeastward and brings the range to an end. It is a high,
bare ridge with gently curving contours and broadly spaced features.
It has a fairly even sky line at altitudes between 2,000 and 2,700 feet,
which is continuous except for three or four canyon notches. The
northeast flank of the ridge descends with fairly steep slope to the
foothills, at an elevation of about 1,000 feet, within 1 to a little over
2 miles, but the slope is broken, and locally lessened and steepened,
by benches that are due to the prominent relief of hard zones of strata
forming longitudinal ridges and lines of hills. These benches are
especially evident when seen in profile view, as in Plates IX, A, and
XI, A. :

N
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THE FOOTHILLS.
GENERAL DESCRIPTION.

The foothills represent the eroded surface of the upturned Tertiary
and early Quaternary formations along the edge of the valley. They
form a belt, usually several miles wide, of rolling bare hills following

the curving strike of the formations around the projecting ends of -

the mountain spurs and along the border of the intervening valleys.
In the Guijarral and Kettleman hills they assume the character of
isolated groups entirely disconnected from the mountainous tracts,
around which those groups more properly called the foothills, form a
fringe. A general similarity of elevation is characteristic of the foot-
hill areas, and comparatively slight relative relief is the usual rule,
the summits generally reaching higher and higher altitudes by de-
grees toward the mountainous belt. The majority of the summits
range in altitude between 1,000 and 1,700 feet above sea, or usually
between 400 and 1,100 feet above the neighboring valley surface,

. although a number of massive hills standing out above the general

elevation or ridges rising toward the mountains reach as great a
height as 2,100 feet. The hills gradually decline in general elevation
toward the southern end of the district. The summits of the indi-
vidual hills and ridges in the foothills belt appear to determine
roughly a general plane that slopes upward gently toward the moun-
tains and toward the major ridges, which coincide with the major
axes of uplift, and to represent an old surface of erosional planation.
This summit plane is in places sharply incised by narrow canyons
that have left as much as half the original surface fairly intact or at
least not greatly degraded. Instances of this are many in the
northern part of the district. (See Pls. III, VII, 4, and XIII, 4.)
Elsewhere remnants of the general summit are left only at isolated
points, as is more commonly the case in the southern part of the dis-
trict. (See PL II, A and B.) The soft formations of which the hills
are largely composed lend themselves to minute, rapid, and fairly
uniform sculpturing, which gives the hills the appearance of a wrin-
kled surface, especially when the obliquely falling rays of the sun
have brought out. the intricate scattering of light and shade. The

- hills owe their form chiefly to three causes—to the general reflection,

’

on the surface, of the folds to which their uplift is due; to 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 to erosion along structural lines, particularly along
bedding planes and lines of contact, as a result of which parallel lon-
gitudinal ridges and valleys and rows of hills are formed, and the
lateral ridges are deformed or dissected into hills. Further detailed
sculpturing is due to erosional wash along small channels tributary
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QOIL CITY FIELD AND RIDGE OF THE COALINGA ANTICLINE.

Looking east across Oil Canyon at hills of Cretaceous and Tertiary oil-bearing formations. Note gently dipping beds on left, overturned anticline in center, and steeply dipping beds along
edge of Pleasant Valley on right. Photograph by G. H. Eldridge.
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and at right angles or. oblique to the streams determined by these
two main directions of erosion.

The gently sloping surfaces of the hills are ordinarily smoeth,
covered with soil or sand, and overgrown sparsely with herbaceous
vegetation, sagebrush, and other low plants. The underlying forma-
tions form much of the surface, however, especially on the steeper
slopes, and although the individual outcrops are not alwaysin promi-
nent relief the appearance of the strata on the surface and their
effect on the topography is one of the most striking features of the
hills. This effect is chiefly in evidence where differential erosion
has brought out ‘certain beds or rapid dissection has left lateral bluffs
or steep strike faces of hills exposed. Typical effects of this sort are
illustrated by Plates X and XVII. Where the soft formations are
traversed by hard zones or beds the latter stand out as hills by
virtue of the protection against erosion that they afford to the asso-
ciated beds, as may be noted in the hills shown in Plates VII, 4, and
XVII. The structure and stratification are in places both broadly
and in’ detail reflected in the degree of relief, the slopes; and the
vegetation of the hills. The gravelly and sandy beds, owing to their
superior power of absorbing water and possibly also to other condi-
tions, support vegetation where the clay beds do not, and the degree
“of coarseness of the beds is frequently to be made out by the varying
abundance of vegetation, and by variable kinds as well. The result
-is a marked parallelism and alternation of belts and lines of vegeta-
tion. Plates VII, A, and XIII, 4, give a good illustration of the
sharp lines of bedding that are brought out by the plant growth,
but in most other places the belts follow broader zones.

The foothills of the Coalinga district may be divided into several
different groups according to their form, position, degree of distinct-
ness from the mountains, and stage of degradation, although they
all present similarities and each group merges in topographic char-
acter into the others. The hills toward the northern end of the dis-
trict partake more of the character of the mountains than those to

_the south, whereas the latter are much more worn. The following
descriptions of these groups will bring out some of their distinctive
features. B
HILLS NORTH AND SOUTH OF LOS GATOS CREEK.

The relief in the area of Cretaceous rocks northwest of Pleasant
Valley partakes of the character of both the mountainous and the
foothill belts, and owes its distinctive features to this intermediate
position. The region is one of long, high, narrow ridges running out
at right angles to the structural lines, from the main ridges to the
north and south which parallel these lines. The component strata
dip down the ridges and tend to produce angular forms. They also

88170—Bull. 398—10—3 :
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show their influence in giving rise to lateral extensions of the ridges
and to high hills appearing along certain zones on successive ridges;
and the manner in which the topography and the outcrops display
the curving strike of the strata is remarkable. The ridges are sepa-
rated by sharp V-shaped canyons at the bottoms of which the stream
courses wind back and forth with short sharp turns. The summits
exhibit a marked flattening and mutual equality in elevation, espe-
cially in the central portion of the Los Gatos Creek drainage basin.
A region of rolling hills carved in the filling of Tertiary deposits
opens out toward the upper portion of White Creek, the relief here
resembling somewhat that characteristic of the Waltham Valley.

HILLS AROUND THE END OF JOAQUIN RIDGE.

The hills north of Pleasant Valley are the continuation of those
farther west and resemble them in that they are primarily formed
by prominent ridges extending out from the higher tracts, across the
strike of the beds. The ridges here, however, are more broken into
individual hills, have broader and more rounded outlines, and-reflect
the strong influence of the formations and structural lines in spurs
that extend out on either side along resistant zones, in hills formed
by prominent beds, and in contact valleys. The ridges are thus
made irregular and in their higher portions may be said to be rugged,
as, for instance, those in the Eastside field shown in Plate XVII. A
pecuhar feature of these ridges is the irregular crest line which results
from the appearance at short intervals of eminences due to the out-
“crop of hard beds. The knolls so formed present steep slopes or
bluffs up the ridge on the strike face and smooth dip slopes down the
ridge. Such bluffs are especially numerous on the east flank of -
Joaquin Ridge. (See Pl. X.) Long canyons that come down out of
- the higher hills between sharp slopes and with steep gradient gradu-
ally open out and become almost lost between the low tongues that
reach out toward the valley.

The longest of the ridges is Anticline Ridge, the extension of the
anticlinal dome of Joaquin Ridge. It is alow, broad, even-topped line
of elevation with shallow sweeping concavities due to erosion, and
slopes gradually toward the gap formed by Los Gatos Creek. South-
east of that gap the same area of relief is continued in the Guijarral
Hills. These present an abrupt slope where cut by the gap, but on
the summit resume the gradual slope of the surface of Anticline Ridge,
forming an inclined plain toward the southwest and south and finally
merging with Pleasant Valley and the floor of Polvadero Gap.

ALCALDE HILLS.

South of the gap in the foothills formed by the debouchure of Los
Gatos Creek upon Pleasant Valley the valley is bordered by hills that
rise more sharply than those on other sides, the slope toward the valley
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being a dip slope but little less in angle than that of the beds. The
same factors that are of importance in determining the form of the
hills before mentioned, namely, the course of the drainage across the
line of strike of the strata and the tendency of the strata to form lines
_ of relief paralleling the structure, are here important, but the latter
factor begins to assume the greater importance, and the Alcalde
Hills are formed largely, especially in their southern part, by longi-
tudinal ridges, gulches, and lines of hills. The southern portion of
these hills appears like an inclined plane sloping down toward Alcalde
Canyon on the south and up to Juniper Ridge on the west, and
intricately and irregularly dissected by long, shallow canyons and
steep gullies that trend in general down the slope of the plane, the
«drainage of the hills being chiefly toward Waltham Creek. Nowhere
are the planed summits of the hills more clearly observable than in the
steeply inclined plateau-like surface that stretches northwest from
Alcalde Canyon up to the flat-topped ridges on the flank of Jumper

Ridge.

JACALITOS AND KREYENHAGEN HILLS.

South of Waltham Creek the Jacalitos Hills continue the Alcalde
Hills. A difference in character is noticeable, due to more advanced
dissection, a more pronounced development of the features reflecting
the structure of the strata, and a more distinct differentiation from
the mountains. The change increases farther toward the south.
The foothill belt from Waltham Creek south is not so apparently a
continuous area of relief as in the north, but is composed of fragments
of strike ridges separated by broad, smoothly concave longitudinal

* ravines. These features are illustrated in Plate IT, B.

The Jacalitos Hills present an abrupt face toward Waltham Creek
on the north side of a hill 1,900 feet high southeast of Alcalde, but from
the summit of that hill and its spurs the hills decline gradually toward
Jacalitos Creek on the southeast and the valley on the east. The
drainage is predominantly toward Jacalitos Creek. On the west these
hills extend widely and join the rolling area in the region of the
Waltham Valley depression and the gentle, irregularly gullied slope
of the serpentine area that extends behind Reef Ridge up toward the
main crest of the Diablo Range. A prominent feature of the latter
area is the group of picturesque buttes of jasper which are scattered
over it and which are colored a brilliant vermilion by the growth of
lichen.

The Kreyenhagen Hills (P1. II, 4) form a long foothlll belt following
the course of the soft formations between Reef Ridge and Kettleman
Plain and are divided into several groups, each a few miles in extent,
by streams crossing them at right angles. They abut upon the steep
face of Reef Ridge, as shown in Plate VIII, and are distinctly sepa-



36 COALINGA OIL DISTRICT, CALIFORNIA.

rable from the mountainous belt which begins there., To the north-
east the strata form ridge after ridge, paralleling each other, and
. extending the length of the separate divisions between the main
stream valleys. These ridges, where regular, may be compared to a
series of waves advancing, as on a smooth beach, toward Reef Ridge
" as the shore, and elsewhere to broken waves, as in a choppy sea.
The ridges are slightly asymmetric, the northéast flank being a dip
slope and fairly smooth, while the southwest flank is a steeper, strike
face that is in many places eroded so as to leave sharp gullies and
conical intermediate ridges extending outward. The groups of hil-
locks so produced bear some resemblance to an encampment of tents
or wigwams, and, as elsewhere suggested, the name Jacalitos, mean-
ing the little wigwams, may have been applied to the creek owing
to this feature of the hills through which it flows. The greatest sym-
metry of the parallel ridges appears in the portion of the Kreyenhagen
Hills between Jacalitos Creek and Big Tar Canyon, and there the
long, straight, smooth troughs between the ridges doubtless gave rise
to the name Canoas, meaning canoes, applied to the creek passing
across the central portion of the hills.

Toward the south. the Kreyenhagen Hills become more and more
worn, decline in elevation, and lose their relief. The prominent
individual features are absent, and the foothill area is a rolling sur-
face with low sweeping ridges and broad drains sloping gradually

“toward and merging imperceptibly with the Kéttleman Plain.

In the northern group of the Kreyenhagen Hills, as in the Jacalitos
Hills, the locus of points of greatest elevation is asymmetric in posi-
tion, the slope toward Jacalitos Creek on the northwest being steeper
and shorter than that toward Zapato Creek onthe southeast. The
major part of the drainage flows in the latter direction. In the groups
of hills between the other streams farther south such a feature is not so
clearly to be made out, but it is true that the course taken by the
drainage is predominantly toward the southeast.

KETTLEMAN HILLS.

The Kettleman Hills form a small isolated range 30 miles long and
5 to 6 miles broad, about 700 feet above the Kettleman Plain and
1,100 feet above the San Joaquin Valley, extending from northwest to
southeast and describing a broad curve toward the south in the
southern half. The most striking features of the group are its
isolated position in the midst of the surrounding plain, its long, nar-
row, regular extent, its almost horizontal summit line, which slopes
gradually downward toward the two ends, its crescent shape, and
its anticlinal origin. The topography is peculiar, and though in some’
ways similar to that of the hills in other parts of the district has
various distinguishing features.
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- As a result of the difference of elevation of the plains at the foot
of the hills on the two sides the flanks are of different topographic
character. The crest of the range is not in a central position, but
considerably nearer the western side, and is formed by resistant zones
of strata. The slope toward the Kettleman Plain is trenched by
many sharp gulches, which with their tributary gullies givé a minute
sculpture to the soft hills. In consequence of the direct course of
the drainage toward the valley the ridges are of the transverse type.
The eastern flank is of greater extent, is, in general, more worn away,
and has more broadly developed topographic features. The drainage
lines running to the valley are fewer in number, but of greater impor-
tance, and are more like the main streams crossing the Kreyenhagen
Hills. The result, as in that case, is the development of tributary
streams between strike ridges, these ridges assuming considerable
prominence where supported by resistant strata. The flanks of the
hills on the two sides and the gently declining elevations toward the
two ends appear to determine smooth surfaces sloping away from
the crest of the hills. These surfaces are broken, however, by almost
level benches that are cut into them, especially at the foot of the
main ridge on either side and over most of the eastern flank in the
southern half of the hills. Toward the south end, as in the Kreyen-
hagen Hills, the range is much worn and’ the relief becomes obscure.

HILLS AROUND M'LURE VALLEY.

The most prominent foothills around McLure Valley are those of
the Pyramid Hills type, formed of the siliceous shale of the Santa
Margarita (%) formation. This shale is very hard and resistant
and stands out as a zone of relief along its outcrop as a result of
differential erosion. McLure Valley is surrounded by a fringe of
hills produced by this shale, the Pyramid Hills on the east, the Tent
Hills on the west, and a prominent wall of knobs circling the base of -
the mountain spur on the north. As the names given to these hills
- imply, they are of ‘conical shape. They form continuous ridges,
‘along the summit of which symmetrical cones are left between the
heads of the gullies. (See Pls. IX, 4, and. X1, 4.)

The hills at the head of McLure Valley between these lines of shale
hills are very similar to those in the southeastern portion of the
Kreyenhagen Hills. They are low and sweeping and merge with the
valley floor. Prominent hills or buttes left by differential erosion
occur here and there, and a belt of hills thus formed by a hard sand-
stone zone may be tr accd in front of the shale hill ridges. A terraced
surface of thc McLure Valley hills is well shown in Plate XI, A.
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THE BROAD VALLEYS.

The boundary between the hills and the valley bottom is not
abrupt, because the plain has been alluvially built up along the
border and the structural angle is obscured. There is, however, a
usual change within a quarter to a half mile from an appreciable or
steep slope in the hills to the angle of the plain, which appears almost
level to the eye. The floors of the valleys of the foothill belt begin
at an elevation between 800 and 600 feet and slope gradually toward
* the San Joaquin Valley. The floor of the large valley begins at the
edge of the hills at an elevation of 500 or 600 to 300 feet, and slopes
within a short distance to the general level surface of the plain, which
lies between 400 and 200 feet above the sea. Within the district the
surface of the San Joaquin Valley slopes almost imperceptibly
southward to the basin of Tulare Lake.

The side valleys that branch out from the San Joaquin Valley
between the inclosing ridges of foothills and mountains are Pleasant
Valley and its continuation in the Kettleman Plain, and McLure
Valley. Just’ outside of the district are the analogous basins of
Waltham Valley on the west, which is almost entirely inclosed by hills,
and Antelope Valley southwest of Avenal Ridge. All these valleys
are structurally basin-like depressions whose streams have gained
outlet to the plain through gaps either newly produced or deepened
by erosion during the progress of formation of the basins.

TULARE' LAKE,

The only lake within the Coalinga district is Tulare Lake, which
borders the southeastern portion of the district east of the Kettleman
Hills. Tt is a broad, shallow body of water occupying a portion of
the almost level floor of the San Joaquin Valley and deriving its sup-
. ply of water from several rivers that descend from the Sierra Nevada
and spread numerous distributaries over the valley. Little or no
surface water reaches the lake from the mountains on the west,
although they are much nearer. The lake has no regular outlet, but
‘in perlods of high water the whole central portion of the valley to
the north and south becomes flooded and marshy Formerly the
lake was one of the largest bodies of fresh water in Cahforma, but
in late years it has been gradually declining in size, owing largely to
the use of the water of its tributary streams for irrigation, to the con-
struction of dikes, and to the reclamation of the land formerly cov-
ered by it. In 1880 it spread over an area about 27 miles long from
northwest to southeast and 20 miles broad from northeast to south-
west. Nine years later it was about 20 miles long from east to west
and 15 miles broad from north to south. In still more recent years
successive dikes had been constructed, the lake had almost dried up,
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and most of the area formerly covered by it had been brought under
cultivation. But the unusual precipitation of 1907 caused the whole
central portion of the valley to be inundated, and extended the lake
to approximately its old shore line of 1880, almost at the base of the
Kettleman Hills. The accompanying topographic map (Pl. I),
which was made in the summer of 1907, shows the abnormally high
mark reached by the lake at that time.

During the late Quaternary period Tulare Lake covered a much
greater area than at present, as is shown by the presence of an old
beach at an elevation of more than 100 feet above its present level,
2 or 3 miles west of the northwestern corner of the lake as shown on
the map, and also by marked shore lines at lower elevations. The
old beach consists of a ridge of sand about 20 feet wide and 6 to 8
feet high, somewhat eroded and covered with low vegetation, which
runs for a mile or so along the low slope flanking the Kettleman Hills.
Tts present elevation is probably due in part to the progress of recent
relative uplift of the hill area. Benches marking other positions of
the shore line are observable along the Dudley-Lemoore road between
the lake and the Kettleman Hills, at an elevation of much less than
100 feet above the lake.

Tulare Lake marks the lowest area in the Coalinga district and,
in fact, in the whole southern end of the interior valley of California.
Its surface lies a few feet less than 200 feet above the sca. North
of the lake a broad zone of greater elevation crosses the San Joaquin
Valley and forms a barrier diverting the drainage from the southern
portion of the Sierra Nevada southwestward into the lake basin.
To the south the valley floor on the side toward the Coast Ranges
has a general elevation between 200 and 300 feet. A line of depres-
sion west of the middle of the valley connects Tulare Lake, by a low
tract subject to marshy inundations, with Kern and Buena Vista
lakes, which lie in the southern end of the valley at an elevation of
a little less than 300 feet.

The origin of the basin occupied by Tulare Lake is probably due
to the bulldlng up of alluvial fans across the San Joaquin Valley
north of it by the rivers of the Sierra Nevada, especially Kings
River, and by Los Gatos Creek and the other creeks of the northern
part of the Coalinga district, which have formed an unusually large
alluvial fan for the Coast Range streams.

DRAINAGE COURSES.

Character of streams.—The main streams within the Coalinga
district partake of the nature of all the streams flowing off the eastern
flank of the Diablo Range. They are comparatively short mountain
streams of medium gradient that flow from the mountains at short
intervals in broad V-shaped valleys between the mountain spurs,
and have many tributary streams a few miles in length with steeper
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gradient and sharper valleys. Several terraces appear in. many
places along the sides of the stream courses within a few hundred
feet above the present bottom, marking the position that the valley
floor has occupied at different stages. (See P1. IV, A.) The streams
approach the plain through the lower hills with nearly graded or in
_ places aggraded courses, emerge upon it over the gently sloping allu-
vial fans that they have built up, and form squarely cut, broad,
shallow channels through the horizontal deposits of the valley floor
or spread out and end as level washes. The dryness of the region
does not allow them to reach any trunk stream, and the great valley
is like a sea in bringing them to an end and forming a catchment
basin. As before stated, none of the main streams in the Coalinga
district heads within the area shown on the map. Owing to the
slight rainfall and the prolonged drought in summer, none of these
streams carries much water, and they all become nearly dry at the
surface during that season.

The two most important streams of the district are Los Gatos
Creek and Waltham Creek, which drain considerable tracts and flow
‘through deep, structurally important valleys, in their lower portion
pearly graded. These streams join in Pleasant Valley and pass out
to the San Joaquin plain through a narrow gap cut across the uplift
of the Coalinga anticline.

The next most important streams are Jacalitos and Avenal creeks,
- and these with four others, Zapato, Canoas, Garza, and Big Tar
creeks, complete the list of main streams. Of all of these much the
same may be said. A common feature is that the main upper forks
of these streams flow at an-oblique angle to the range from north-
west to southeast or from west to east, and that they change their
course toward the northeast in the lower portion and flow directly

away from the range across the structural lines.

Los Gatos Creek.—Los Gatos Creek, - the northernmost of the
streams flowing off the Diablo Range in the Coalinga district, heads
at Benito Pass, the divide between the San Joaquin Valley drainage
and San Benito River, and flows southeastward with low gradient
for about 30 miles to the plain. In the mountainous region it occu-
pies a broad valley formed by well-worn ridges that- slope gradually
down into it from the flanks of the high ridges on the north and
south. On reaching Pleasant Valley, like the other streams of this
region, it forms a wide, shallow channel, with abrupt sides usually
about 5 to 20 feet in height exposing the level deposits of the floor,
and ﬁnally spreads itself out as a wash on the San Joaquin plain.

It is joined by an important tributary, White Creek, which heads
on Joaquin Ridge, and after flowing off the flanks of this ridge follows
the same general valley as Los Gatos Creek, the two streams being
separated by a fairly sharp structural ridge 500 to 700 feet high
above the valley bottom. The floor of the valley of Los Gatos
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A. STREAM TERRACES ALONG ZAPATO CREEK.

The upper terrace is an important one throughout the hills. Photograph by Robert Anderson.

B. HARD REDDISH-BROWN SANDSTONE CONCRETIONS WEATHERING OUT OF MASSIVE
UPPER CRETACEOUS SANDSTONE.

On flank of Joaquin Ridge north of Los Gatos Creek. Photograph by Robert Anderson,
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. Creek, which is a few hundred feet wide at the widest, is crossed and
" recrossed by the meandering stream, and along its sides at the lower
levels terraces representlng former positions of the floor are evident.
White Creek, owing to its mineral nature, has formed a hard cemented
pavement of the stream gravel and has left terrace cappings of hard
conglomerate along its sides. The low hills at the head of Pleasant
Valley on either side of Los Gatos Creek are distinctly terraced at
different levels and capped with coarse deposits of stream wash. -
Waltham Creek.—Waltham Creek, a few miles south of Los Gatos
Creek, enters Pleasant Valley near Coalinga. It rises in the heart of
the Diablo Range as the main drainage feature of Waltham Valley,
which is a broad structural depression with low interior relief between
the two main spurs in this part of the range, namely, Juniper Ridge
and the ridge farther west that forms the watershed between San

Joaquin Valley and the area that drains dlrect]y to the ocean through
the Salinas Valley. The main forks in the upper portion of Waltham
Creek run southeast. At the edge of the area shown on the map
the stream leaves the open Waltham Valley and enters Alcalde
Canyon (at the point shown in PI. V, A) through a sharp gorge cut
to a depth of 800 or 900 feet across the sandstone and shale strata -
forming ‘Juniper Ridge and Curry Mountain. Thence for 3 or 4
miles the canyon extends toward the west as a curving gorge with
steep sides and graded floor, in places several hundred feet wide, and
then turns abruptly northeast; and opens out in the foothill belt into
a straight, wider valley. The straight course of this lower portion
of Alcalde Canyon is continued backward as a belt of low relief along
the southeast end of Curry Mountain, but instead of coming from
this apparent structural continuation of the lower part of its course
the stream has cut the gorge already mentioned across the higher
area to the north.

Jacalitos Creek.—The next stream to the south is Jacalitos Creek,
which is only a few miles from Waltham Creek and like it rises on
the slopes surrounding the Waltham Valley line of depression, flows
southeastward in that depression, cuts a canyon directly out into
the foothill belt, and flows northeast to the plain in a broad, low,
fairly graded valley. It joins Los Gatos and Waltham creeks in
Pleasant Valley. A portion of its tributary, Salt Creek, is shown in
the foreground in Plate II, B.

Avenal Creek.—The southernmost stream in the district is Avenal
Creek; which flows southeastward in a canyon between Castle Moun-
tain and Avenal Ridge and follows a well-graded course through the
wide McLure Valley. Above the head of the valley it follows a
ravine between Avenal Ridge on the southwest and alow ridge of
knolls that forms a continuation northwestward of the Tent Hills,

this ravine being along the contact between the Cretaceous beds and
the middle Miocene (Santa Margarita?) white shale. (See PL. IX, 4.)
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The structural axis of the McLure Valley is farther east and marks
the course of a minor stream. Avenal Creek breaks eastward across
the row of hills mentioned, to enter McLure Valley, as may be seen
in the middle distance in Plate IX, A. On the east side of McLure
Valley it passes out through Dagany Gap, and thence its drainage
course extends over Kettleman Plain and across the line of uplift
of the Kettleman Hills through Avenal Gap, becoming lost on the
floor of the great valley beyond. It is said that Avenal Creek has
been known within comparatively recent years to drain around the
southern end of the Kettleman Hills.

Other main streams.—Zapato, Canoas, Garza, and Big Tar creeks
are parallel and similar streams that cut V-shaped canyons through
Reef Ridge and flow in fairly straight, low, open valleys across the
foothills to Kettleman Plain. The canyons in Reef Ridge are sharp
and deep and form marked features of the topography, as illus-
trated in Plate VIII. The drainage courses of the first three streams
join and pass to the San.Joaquin Valley through Polvadero Gap.
Big Tar Creek drains southward down the Kettleman Plain and out
through Avenal Gap. Stream terraces, as shown in Plate IV, A,
have been formed along the courses of some of these streams.

Minor drainage courses.—In addition to a number of main forks
toward the head of the streams already mentioned, which have
courses similar to the main streams, there are a great number of
minor drainage lines of different character that'either pursue inde-
pendent courses to the edge of the plain or form tributaries at right
or nearly right angles to the main streams. In places these in turn
are entered at sharp angles by tributary gulches of considerable
size, but ramifications of a higher order have rarely developed above
the stage of swales or steep gullies. In the mountains and higher
hills the minor drainage courses are for the most part sharp V-shaped
canyons and arroyos. In the more gently sloping hills they are open
ravines with rounded contours. On entering the plain these streams
~cut sharp channels in the soft filling of the valley, as shown in Plate
XII, 4. ,

PHYSIOGRAPHIC DEVELOPMENT.
FACTORS INFLUENCING DEVELOPMENT.

The most apparent feature of the topography on the eastern flank
of the Diablo Range is its reflection of the structure of the formations,
the controlling factor in the development of the physical features hav-
ing been the folding and faulting of the strata. The broader features
of the relief as well as a large proportion of the minor ones have been
formed in accordance with the structure. A further factor, the
differences in the rocks, especially in degree of induration, has played
an important part in regulating the rate at which development has
taken place and in modifying the forms due to structural features.
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The climate likewise has acted as a modifying factor in the weather-
ing of the strata and as a cause of local variation in the processes of
“erosion.

The chief processes by means of which physiographic change has
been brought about have been orogenic movements, aqueous ero-
sion, and avgradatlon A further process of importance, sufficient to
warrant mention, is gravitational degradatlon especially by means
of landslides, which are numerous in the somewhat incoherent strata
of this region. - Forces producing changes of elevation, both broadly
and locally, have been continually actlve up to late geologic time
and have left no areas unaffected, and the progress of every physio-
graphic change begun within the late Tertiary and the Quaternarv
periods has been complicated by modifying movements

HISTORY OF PHYSIOGRAPHIC DEVELOPMENT.

Some of the broad physiographic changes of early periods in this
region will be outlined in the discussion of the geologic history. In
the present connection the evolution of the topographic features
during the period subsequent to the first great movements of the
Quaternary will be taken up. These movements took place at the
close of the period represented by the Tulare formation, which com-
prises the youngest strata of the region that are markedly displaced
from their original horizontal attitude. The movements were pro-
ably contemporaneous with those occurring in the early Quaternary
along the California coast and were long continued. They brought
about the uplift and tilting of all the post-Eocene formations, which
up to that time had probably not been severely disturbed, and caused
the clder strata to be upheaved in the axis of the mountainous
belt, which had been previously determined and over which proc-
esses of degradation had been at work in earlier periods. The
mountains were thus given pronounced relief and their topographic
youth was renewed. The later Tertiary and early Quaternary
deposits, as yet in large part incoherent strata, were raised on the
flanks of the mountains and probably locally on the crest. With
this uplift came acceleration of the erosional processes. The old
streams began to flow with greater vigor, to cut their valleys deeper
into the mountains, and to extend them farther and farther outward
upon the strata that were being lifted up out of the plain. The
uplift was so gradual that these streams, and the others which began
forming down the slope of the blocks that were being tilted, planed
off large portions of the lower areas almost as fast as they were lifted,
and were able to keep their course across lines of relief that were
raised beneath them. The main preexistent streams probablyfollowed
the old structural lines that form the main valleys at present, such
as those of Los Gatos and White creeks, Waltham Creek, and Avenal
Creek.
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The streams that were formed subsequent to the first of these
movements, tributary to the main streams that followed the struc-
tural lines, were consequent upon the structure, in that they took
their course down the dip slopes determined by the new movements.
They thus became fixed in courses at right angles to the main valleys,
and in turn they themselves acquired tributaries at right angles
that were determined by the strike of soft zones of strata. In this
way the present topographic forms both in the mountains and foot-
hills were eventually developed in accordance with the folds and
- the stratification. )

It can not be stated whether the process of uplift was continuous
or whether one or more periods of quiet intervened, allowing part of
the planation to take place during periods when no movement was
affecting the region. As the movements continued the partly
planed surfaces were warped along the axes of disturbance and new
cycles of erosion commenced to affect them. The appearance of the
surfaces so tilted in the foothill region has been mentioned. They
reflect the major anticlinal and synclinal folds and their plunges.
"It can not be said, however, that all such remnants of surfaces of
planation are relics of the erosion that took place in the Pleistocene.
There are many that are older, especially in the 'mountainous belt.
The slopes that have been mentioned on the eastern flank of Juniper
Ridge and extending down into the Alcalde Hills give a good illus-
tration of the preservation of the pre-Miocene surface of the Cretaceous
rocks, and of the early Miocene surface of the beds locally preserved
as a little-disturbed capping over them.

During the latter part of the Quaternary, and perhaps during most
of it, the main synclinal troughs in their more depressed portions
have acted as basins for receiving much of the large amount of mate- -
rial worn from .the higher regions. They have thus become ag-
graded into wide, almost level plains, such as Pleasant Valley, Kettle-
man Plain, McLure Valley, and the great San Joaquin Valley. The
smaller valley bottoms have also been aggraded to some extent, as
in the case of the lower portions of Alcalde Canyon, the valley of
Los Gatos Creek, and some others of the larger streams, but the
filling is not so deep as in the main valleys, and the majority of the
small stream courses are not filled. The latter fact, taken with the
occurrence of stream terraces at various levels (such as shown in
Pls. IV, A;IX, 4; and XI, A) and of blufts due to undercutting along
stream banks, indicates that most of the streams are actively en-
gaged in eroding their valley bottoms, the cause probably being the
continuance of upward movement along the already existent belt
of topographic relief.

The general stage of development of the topography is youthful,
although some areas, especially in the foothill belt, have reached
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an advanced stage of youth approaching maturity. The course of
physiographic development in the mountains and in the foothills
has been similar, and the resulting type of topographic features due
to the reflection of the structure is much the same. But modifica-
tions of the type have been caused by other factors, especially the
difference in hardness and compactness of the strata in the two
regions. In the mountains the Cretaceous strata which cover most
of the region are well indurated and fairly homogeneous. The
development has therefore been retarded, has been more even, and
is now in a youthful stage. - In the foothills the formations are largely
soft, but are of various degrees of induration. . Erosion has been
rapid and has been able to gain a strong foothold along certain
zones. In consequence, the features of certain parts of the hills,
especially in the southern portion of the Kettleman and Kreyen-
hagen hills and along the soft zones elsewhere, are well worn and
have an old appearance. The reason for the greater amount of
wear to which the foothills in the southern portion of the Coalinga
district have been subjected may be that the streams flowing off
the Diablo Range were during much of the Quaternary period con-
centrated on that portion of the region by following a course south-
ward along the synclinal depression of the present Kettleman Plain,
being later directed into their modern channels by a warping across
the northern portion of the Kettleman Plain determining the drain-
age divide in the plain and the rise of the anticline in the north-
central part of the Kettleman Hills. It may be supposed that the
streams wore down the southern portion of these hills as they
were being uplifted, and cut the present Avenal Gap. The other
similar gaps in the Coalinga anticline uplift, however, must be ex-
plained, and it is difficult to see how the streams on t,he north could
have formed these gaps otherwise than by following their original
courses continuously throughout the period of uplift. A possible
hypothesis in explanation of the progressively greater amount of
degradation ‘that has taken place southward within the district is
that a general tilting took place after the main original movements,
causing the whole region to slope southward as it does at present.

The mountains decline in height from the San Carlos division toward
Antelope Valley, as has been brought out elsewhere; the foothills
and the plains do the same, and the drainage, even where not deter-
mined by the main structural axes that plunge toward the south-
east, has a predominant southeasterly course. The movement pro-
ducing such a regional tilting, either through progressively. greater
depression toward the south or through uplift toward the north,

might have been of similar nature to that occurring in former
periods which caused the thickening and greater completeness of
all the post-Eocene formations toward the south as compared w1th
their continuation toward the north. :
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GEOLOGY.

GENERAL STATEMENT.

The eastern slope of the mountains bordering the San Joaquin
Valley is formed by strata of great thickness dipping toward the valley.
The oldest rocks exposed appear in the axis of the mountain range at
the base of the monocline, and thence eastward successively younger
formations appear 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,
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),
Tulare (Pliocene and early Pleistocene), and Quaternary alluvium and
terrace deposits. These formations, with the exception of certain
igneous and metamorphic rocks associated with the Franciscan, are
of sedimentary origin. With the exception of the greater portion

_of the Pliocene and Quaternary and of minor amounts of the earlier
Tertiary deposits, these sediments are marine. They indicate that
the greater portion of the area included within the Coalinga dis-
trict was-beneath the sea during periods occupying probably the
major portion of the time from the Jurassic to the end of the Miocene.
Yet the unconformities separating all of these formations from one
another show that intervals occurred during which no sediments were
deposited, and that even with the enormous thickness of strata that
is preserved the record is by no means complete. In general it is more
complete in the southern than in the northern portion of the district,
and most of the maximum thicknesses given are based upon the
occurrences there. The record generalized in the columnar section
may be more complete than the number of unconformities would
seem to indicate, since probably not all are present in all parts of the
district.

The accompanying columnar section (fig. 2) gives a generalized
résumé of the lithologic character, relations, and maximum thickness
of these formations as they appear in various parts of the Coalinga
district. It can not, however, convey a conception of the variation
of the formations in different parts of the district, which the descrip-
tions of them that follow show to be a characteristic feature. Much
detailed field work and paleontologic study have still to be accom-
plished before a final adjustment of the complex problems of corre-
lation of the formations within the Coalinga district may be reached.
The table on page 48 summarizes what is known of the age of the for-
mations of the district and their time relation to the formations in
other portions of the Coast Ranges.



Alluvium and terrace de-
posits (Pleistocene and
Recent), 1-100+ feet.

Tuiare formation (Plio-
cene-lower Pleistocene),
3,000+ feet.

Etchegoin formation (up-
|f)crmosr. Miocene),3,5004
cet.

Jacalitos formation(early
upper Miocene), 3,800
feet,

Santa Margarita (1) for-
mation (upper middle
Miocene). $00-1,000+
feet.

Vaqueros sandstone

lower Miocene), 900
eet.

Tejon formation(Eocene),
1,850+ feet.

Knoxville - Chico rocks
gCr?tnceous), 12,800+
ect.

Franciscan formation
(Jurassic).
o

M
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Sand, clay, gravel, stream conglomerate, and soil.

Unconsolidated but locally hardened, unfossiliferous light-gra;
and yellowish sand, light and dark cluiv, coarse and fine'gravel,
and thin layers of gray and purplish sandstone; in part of
fresh-water and marine origin but probably ]urgeiy fluviatile.
At the base fresh-water sand, sandstone, gravel, shell deposits,
and limestone,

|| Slightly consolidated, chiefly marine fossiliferous beds of gray

and blue sand, hlack clay, light sandy clay, pebbly sand, and
‘gravel, with locally hardened bedsof sandstone and occasional
layers of siliceous and ealearcous shale. The upper third is
largely dark clay, the lower portion blue sand.

-| Slightly consolidated marine fossiliferous beds of light-gray,

greenish-gray, blue, and hrown sand, clay, and fine gravel, in-
terbedded with similar deposits indurated into sandstone,
shale, and conglomerate, with some siliceous shale.

A : ) .

3
'] North of Waltham Creek: Marine fossiliferoussand, clay, gravel,

and comminuted serpentine, in part indurated. South of Wal-
tham Creck: White, purple, and brown siliceous. calcareous,and
[ g argillaceous shales, *

1 Marine fossiliferousgray sandstone and sand with minoramounts

c of conglomerate and gravel and dintomaceous and clay shale.
D

Marine white and hrO\;vn diatomaceous uu(l‘ foraminiferal shale.

Marine yellowish, brown, and gray fossiliferous and locally Mg-
nitic sandstone and dark clay, with a local basal conglomerate.

—| Upper division. In upper half: Purplish siliceons shale, dark

clay shale, light-colored calcareous shale, white and yellow

sandstone, and a minor zone of tawny concretionary sandstone,

In lower half: Chiefly massive drab concretionary sandstone.
Marine fossils ot Chico (Upper Cretaceous) sparingly through-
out. . .

Alternating thin, sharply defined heds of dark clay shale, sand
shale. iron-gray and brownish-gray sandstone, and some beds
of conglomerate and pebhly sandstone; marine fossils of Chico
(Upper Cretaceous) age sparingly in upper portion,

Coarse, massive conglomerate zone of locally variable thickness
with large bowlders of pre-Franciscan rocks. Probably basal

conglomerate of the-Chico.

>
Thinly hédded dark shale and sandstone, similar to that above,
but without fossils.

Massive iron-gray sandstone.
Thinly bedded dark shale similar to that above, with some sand-
stone layers.

Similar shale and sandstone to that of lower portion of Knoxville,
Chico, jaspex;. and glaucophane and other schists, with inti-

mately iated serpentine.

4000 6000 Feet

FIGURE 2.—Generalized columnar geologic section of the sedimentary rocks of the Coalinga district. Oil
zones shown in solid black. Letters A, B, C, D at right of section indicate ol zones, sa designated

in text,
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ROCKS IMPORTANT WITH RELATION TO PETROLEUM.

The strata older than the upper part of the Cretaceous are of little
importance in this district in connection with the occurrence of petro-
leum. The uppermost Chico (Upper Cretaceous), Tejon (Eocene), and
Vaqueros (lower Miocene) are the principal sources or reservoirs of
the oil, and therefore of prime importance. The.Santa Margarita (?)
(upper middle Miocene) and Jacalitos (early upper Miocene) are
petroliferous only at their base, and their higher beds together with
those of the Etchegoin (uppermost Miocene) are the strata which
overlie the oil sands and through which the wells are drilled, so that
their relation, thickness, character, and structure have an important
bearing upon the problem of access1b111ty of the oil and are worthy of
detailed study.” The Tulare (Pliocene-lower Pleistocene) is of less
direct importance in this connection, but aids in throwing light upon
the structure and the relation of the different formations.

* ECONOMIC DEPOSITS OTHER THAN PETROLEUM.

The present report does not aim to discuss fully any of the economic
deposits except petroleum.

The vicinity of Coalinga was known for its coal deposits before its
rich oil resources were discovered, and an attempt was made many
years ago to mine the coal. Two mines were started on the west side
of Pleasant Valley by the San Joaquin Valley Mining Company, but
the enterprise proved unprofitable. The coal is lignitic and occurs
in thin local beds varying in thickness up to a foot or two. The lig-

- nite is usually crumbly and grades into seams of carbonized wood.
. It is interbedded with extremely varied gypsiferous sand and clay in
the Tc]on formation (Eocene), which is charactenzed by coal deposits
at various other points in California.

There is a large quantity of gypsum in the Coalinga district. All
the Tertiary formations are extremely gypsiferous and local seams of
gypsum are. present in the Cretaceous rocks as well. It usually
occurs in the form of thin platy crystals filling joint cracks or occupy-
ing spaces along the bedding planes, or as crystal masses occupying
irregular cavities. It is frequently so abundant that it permeates
throughout certain beds, and either forms a hard cement for the
original material or makes up almost the whole of the bed. Such -
deposits are of practically no economic value, owing to the impossi-
bility of getting the material in a pure state. Gypsum likewise occurs
locally in efflorescent surface deposits of soft white gypsite, as on the
surface of the Tejon (Focene) formation on a point of the hills at the
edge of Pleasant Valley about 5 miles northwest of Coalinga and on
the surface of the Vaqueros sandstone (lower Miocene) just east.of
Oil Canyon, 8 miles due north of Coalinga. An analysis of material

"88170—Bull. 398—10——4
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from the former locality, made by R. C. Wells, of the United States
Geological Survey, showed it to contain 71.6 per cent of calcium sul-
phate (equivalent to 42.2 per cent SO,) and 0.8 per cent of silica.
These deposits have been mined on a very small scale, but they are
not extensive. The gypsum of the Coalinga district and the sur-
rounding regions is discussed in a paper by F. L. Hess on the
gypsum deposits of California, issued as Bulletin 413 of the United
States Geological Survey.

SEDIMENTARY FORMATIONS.
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 simi-
lar to the well-known Franciscan formation of other parts of the
State. It comprises the oldest rocks here exposed, as it antedates the
Knoxville (Lower Cretaceous), but further than this little can be said
regarding its age. There is,no definite fossil evidence of the age of
the Franciscan elsewhere, and in this region none has been found, but
from evidence obtained in various places in the Coast Ranges the
formation is believed to be certainly pre-Cretaceous.

The areas covered by the Franciscan formation are easily recog-
nizable, as they are characterized by typical rocks and topography.
The most characteristic feature of these areas is the invariable pres-
ence of serpentine, which is associated with the formation and is usy-
ally classed and described with it owing to its intimate relationship,
although it is in reality intrusive in the sedimentary rocks, and there-
fore later in age. The original sedimentary rocks, which are sand- -
stone, shale, and jasper, occur in detached areas and are greatly dis-
turbed. They are intermingled in a complex way with glaucophane,
actinolite, and other schists, serpentine, and other metamorphic rocks,
and one area of soda-bearing hornblende syenite is shown on the map.
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. In the small area of Franciscan
rocks in the northwest corner of the region the alternating beds of
~ sandstone and shale closely resemble the strata in the lower portion
of the Knoxville-Chico and are difficult to separate from them. If a
larger portion of the Franciscan areas were covered by these unal-
tered rocks the formation would not be as easily distinguishable as it
is. stated to be at the beginning of this paragraph. In fact, the
dividing line between the Franciscan and Knoxville-Chico has been
drawn arbitrarily, and it will require further work to discover their
true relations. It is possible that some of the dark shale and sand-
stone strata that appear at the base of the Knoxville-Chico in other
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.

parts of the district, which have not been distinguished from that
terrane owing to the absence of associated metamorphic rocks, may

_belong to the Franciscan, but the presence or absence of associated
metamorphic rocks has been assumed as a basis of distinction between
the formations.

The Franciscan beds in the northwestern corner of the district are
chiefly sandstone. This rock is hard, gray, of medium coarseness,
and somewhat thinly bedded and laminated so that it breaks into
flat angular fragments. In places it appears to have undergone a
process of alteration into a more quartzitic variety or to have been
given a banded or flaky texture, as the result of crushing and elon-
gation of the grains. The sandstone is interbedded with dark, fine-
grained, thinly laminated clay shale, the lamin® of which are in
places curved and smoothed as if by crushing. These rocks are
exactly similar to those of the Franciscan farther north, in the
mountains south of San Francisco Bay. Intimately assoclated with
these beds are bluish glaucophane-bearing and micaceous schists in
small patches. Jasper of green and variegated colors and both
massive and banded structure is interbedded with the sandstone and

. shale in huge lentils. It was not observed within the area mapped,
but forms striking outcrops farther west, especially in a group of
picturesque buttes toward the head of Jacalitos Creek.

The serpentine covers a much larger area and extends far beyond
the limits shown on the map, over a continuous stretch of high
mountain country. The area that could be observed from the region
at the head of Joaquin Ridge was estimated to be at least 40 square
miles, and it is thought to be much more extensive. The Franciscan
formation and associated rocks are considerably mineralized and
contain deposits of cinnabar, asbestos, and the newly described gem
mineral benitoite.®

IMPORTANCE WITH RELATION TO PETROLEUM.

The rocks of the Franciscan are not known to contain any petro-
leum. The formation is of different 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 (CRETACEOQUS).
GENERAL DESCRIPTION.

The next to the oldest terrane exposed in the Coalinga district is
a thick series of strata of sandstone, shale, and conglomerate over-
lying the. Franciscan formation and covering a wide belt for the

a Louderback, G. D., Benitoite, 8 new California gem mineral, with chemical analyses by W. C. Blas-
dale: Bull. Dept. Geology Univ. California, vol. 5, July, 1907, pp. 149-153. Also Arnold, Ralph, Notes
on the occurrence of the recently described gem mineral benitoite; Science new ser., vol. 27, Feb. 21,
1908, pp. 312-314. :
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most part west of the foothill region. It forms the high ridges bor-
dering the Coalinga district on the west and may be easily recognized
by the dark, thinly bedded, compact shale and sandstene of its lower
portion and the massive drab concretionary sandstone of its upper
portion. These strata 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 insufficiency of fossil or stratigraphic evidence as yet obtained -
in the Coalinga district to form the basis for a separation between
these two formations, they are mapped and described together for
the present.

The Horsetown formation, whlch forms the middle portion of the
Cretaceous in the standard Coast Range section, is not known to be
represented in the Coalinga district, although it is not impossible
that a portion of the great thickness of nonfossiliferous Cretaceous
strata may be the equivalent of this formation. No evidence, how-
ever, has yet been found of its presence in this portion of the Coast
Ranges.

A conservative estimate places the total thickness of the strata
mapped as Knoxville-Chico at 12,800 feet. The maximum thicknessis .
probably much greater. This succession of strata may be divided litho-
logically into three main divisions. The total thickness of the middle
and upper divisions, which are probably to be referred together to the
Chicoformation,is at least 9,500 feet. A thickness of 8,300 feet is meas-

“urable in single sections, and even greater thicknesses may be found
in single sections of the Knoxville-Chico as a whole. It is likely that
at least two unconformities separating the Knoxville-Chico beds into
important stratigraphic groups will be made out on further study.
Their relation likewise to the Franciscan below will in all probability
be found to be an unconformable one. They are overlain uncon-
formably by the Tejon (Eocene) and the later formations.

The, Knoxville-Chico* areas were not studied in detail, but it is
thought best to record such partial information as has been obtained
as a guide to future work. The line of separation of the lower
and upper divisions—that is, the line of the conglomerate zone to be
mentioned—is shown roughly on the geologic map (Pl. I) along the
flank of Juniper Ridge and Curry Mountain. The line between the
middle and upper divisions is shown on both arms of the White
Creek syncline, being marked on the south arm by the Los Gatos

Creek fault line.
LOWER DIVISION.

DISTRIBUTION AND CHARACTER
A zone of coarse conglomerate varying in thickness from less

than 100 to over 1,000 feet extends intermittently from the summit
of Juniper Ridge south of Los Gatos Creek to a point south of
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Reef Ridge in Big Tar Canyon. It is overlain and underlain, in
appearance conformably, by the thin-bedded dark shale and sand-
stone of the lower half of the Knoxville-Chico. The portion of the
terrane lying below this conglomerate is here classed by itself as the
lower division. The strata of this division are well exposed in the
upper portion of Alcalde Canyon and on Juniper Ridge to the north
and Curry Mountain to the south. There a thickness of at least 2,000
feet of alternating thin beds of grayish-black shale, shaly sandstone,
and fine sandstone of a dark-gray color underlies the conglomerate.
At the base of these predominantly shaly beds there is an abrupt
change in the rocks to massively bedded sandstone which forms the
prominent ridge of Curry Mountain and the southern end of Juniper
Ridge at the western edge of the mapped area, as shown in Plate V, A.
This sandstone is iron-gray, hard, homogeneous, of medium grain,
and only rarely pebbly, and has a thickness of about 300 feet. Below
it, on the west side of the ridges mentioned, on the steep flank repre-
sented in the center of Plate V,.4, outside of the mappedsarea,similar .
shale beds to those above the sandstone begin abruptly and make up
a thickness of at least 600 feet. How much more thére may be is
not known, as the series was not examined, but it is thought that the
lowest beds in the Knoxville-Chico in this section can not be much
more than 800 to 1,000 feet below the sandstone of the ridge. Thus
the total thickness of the lower division as exposed in the Alcalde
Canyon section is between 3,100 and 3,500 feet. The base of the
lower division is not known to be exposed anywhere within the area
shown on the map, nor is any portion of the division known elsewhere
than in the vicinity referred to and in the region south of Reef Ridge
below the conglomerate near the head of Big Tar and Garza creeks.
In that region a complex mingling of rocks of doubtful ages occurs,
among which some, such as dark-blue clays and red shales, are not -
similar to others known in the district. These rocks are supposedly
of Cretaceous age, and are so mapped.

EVIDENCE OF AGE.

Fossils of Knoxville (Lower Cretaceous) age, such as Aucella
crassicollis Keyserling and Belemnites impressus Gabb, have been
found in beds of dark shale in the Devils Den region not many miles
south of the Coalinga district, and there is little doubt that the
lower division of the rocks here described as Knoxville-Chico is at
least in part the equivalent of the Knoxville formation. It is possible
that the great beds of conglomerate mark the base of the Chico or
Upper Cretaceous and that the whole of the lower division below this
line of separation represents the Knoxville formation.
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MIDDLE DIVISION.

DISTRIBUTION AND CHARACTER.

The middle one of the main divisions into which the Knoxville-
Chico rocks are divisible upon lithologic grounds comprises a thick
series of alternating thin beds of dark shale and sandstone with the
above-mentioned heavy conglomerate at its base, and with the
characteristic massive, concretionary sandstone beds that form the
upper division overlying. Its thickness, including the conglomerate
zone, measures at least 4,800 feet in the Alcalde Canyon section and
considerably more farther northwest on the flank of Juniper Ridge,
because in the former section the upper portion is covered up by the
overlapping Miocene and the full thickness can not be measured.
The conglomerate is locally extremely variable and is not continuous.
It may in places be traced directly into magsive sandstone or even
into thinly bedded sandstone and shale, as along Alcalde Canyon
between 2 and 3 miles west of Alcalde. It represents throughout the
district, however, an important stratigraphic horizon characterized
by a coarsening of the sediments. On the northeast side of Alcalde
Canyon and again about 4 miles south of the confluence of Los Gatos .
and White creeks it is a deposit of extremely coarse and well-hardened
conglomerate 200 to 300 feet in thickness. Near the head of Big Tar
Canyon, at the west edge of the mapped area, a thickness of 1,200
feet or more of coarse, hard conglomerate occurs within the Creta-
ceous- shale, probably at the same position in the series. In this
vicinity it runs out of the area shown on the map and does not
appear within it again south of Curry Mountain. The dark shale
above it is continuous along the southwest side of Reef Ridge and the
conglomerate probably continues likewise. The thin-bedded shale
and sandstone of the middle division are well exposed in the lateral .
ridges of Joaquin Ridge south and east of the serpentine area, and a
heavy zone of massive conglomerate exposed near the head of White
Creek may be the equivalent of the basal conglomerate elsewhere.
The rocks of this division cover most of the north and northeast
flanks of Juniper Ridge and Curry Mountain. South of Curry Moun-
tain there is no evidence of the relations of the different members of
the Knoxville-Chico such as is exposed farther north, the Cretaceous
being covered up unconformably by the Miocene beds southward
to Jasper Canyon. On Reef Ridge south of Jasper Canyon the upper
portion of the Knoxville-Chico is lacking, and there is little direct
evidence to indicate how large a portion is absent. The dark thin-
bedded shale and sandstone of Reef Ridge may, however, be corre-
lated with fair assurance with the middle member of the Knoxville-
Chico farther north, because it is similar in lithologic character and
because it is underlain in the region of Big Tar Canyon by the great
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A. WESTERN FACE OF CURRY MOUNTAIN, FORMED BY CRETACEOUS STRATA.

Probably a fault scarp. Looking south across Waltham Creek, which cuts through tidge on left; Waltham
Valley on right and crest of Diablo Range in distance. Photograph by Ralph Arnold.

B. UNCONFORMITY BETWEEN TEJON FORMATION AND VAQUEROS SANDSTONE.

The petroleum migrates from shales below and collects in sand and gravel above to form oil zone D. In
canyon of Laval grade, 8} miles north of Coalinga. Photograph by Ralph Arnold.
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v éonglomerate zone before mentioned. The Cretaceous strata on
Avenal Ridge are thought to belong chiefly to the middle division. -

EVIDENCE OF AGE.

The beds of the middle division are for the most part nonfossil-
ferous, but here and there a few fossil mollusks are to be found in
thin beds of conglomerate or scattered through the shale and sand-
stone. The fossils that have been obtained from this division of the
Knoxville-Chico are listed under localities 4, 5, 6, and 10 (p. 60).
Locality 11 is probably also in this division and locality 9 is possibly
so. Among the fossiliferous beds of which the horizon has been
stratigraphically determined those of localities 5 and 6 are the lowest,
being about 2,000 feet below the top of the division, and the fossils
prove the Chico or Upper Cretaceous age of the beds at least as far

down in the terrane as this. As no break seems to occur in the
middle division the whole is probably referable to the Chico, and
the basal conglomerate the indication of a great time break between
these beds and those 6f earlier Cretaceous time.

UPPER DIVISION.

DISTRIBUTION AND CHARACTER.

The uppermost of the three divisions of the Knoxville-Chico is
predominantly concretionary sandstone in the lower part and shale
in the upper part, and has a thickness of at least 4,700 feet. It isnot
known to be exposed in any but the northern portion of the district.
It is separable into several members which show diversity of lithologic
character, but no evidence points to any but a conformable relation
between these members. On the contrary, the seeming intergrada-
tion between them and the recurrence at different horizons of peculiar
types of deposits—such, for instance, as the concretionary sand-
stone—indicates continuity of dep031t10n Taken as a whole the
upper division is strikingly distinct from other formations in the dis-
trict and seems to represent a separate stratigraphic unit, although
no unconformity has been made out at its base. '

* The lower half of the upper division consists chleﬂy of massive
sandstone 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. The sandstone is
usually drab, medium grained, and not very hard. The rocks of this
division may be easﬂy 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
upon the surface as shown in Plate IV, B. These concretions are of
various forms, oval, round, flat, and lens- shaped and of various
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unsymmetric shapes, and have a tendency, as noted by F. M. Ander-
son, ‘““to split horizontally or to fall apart in concentric shells or
laming.”” They vary from small sizes up to a thickness of 8 or 10
feet. The prominent sandstone strata are separated by softer beds
and zones of sand-and light-colored shale, which are poorly exposed.-
Thin seams of calcareous shale and sand are at some points inter-
bedded with the softer beds. Locally the sandstone is conglomeratic.
At the base of this member of the Knoxville-Chico 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 chiefly sandstone and those in
which the thin layers of fine grain predominate.

Above the succession of concretionary sandstone beds, and form-
ing the upper half of the upper division of the Knoxville-Chico,
comes a less prominent and less uniform succession of beds in which
shale is predominant. - These beds form the uppermost Cretaceous
exposed within the Coalinga district and are only with difficulty
separable from the overlying Eocene beds. This upper half of the
upper division consists of two main members predominantly of shale,
each approximating 1,000 feet thick, separated by a much thinner
but more prominent member of concretionary sandstone, in general
similar to that lower down. Both of the shale members form belts
of low topography, whereas the intermediary sandstone forms a row
of hills separating them.

The lower of the two shale members has few exposures but is
notable for the presence in it of different kinds of deposits, such as
blackish, thinly-bedded clay shale and yellowish and whitish cal-
careous and arenaceous shale and sand, and for the presence of
Ammonites, Baculites, Inoceramus, and other fossils, which weather
out in a fragmentary state on the surface of the clayey soil. Accord-
ing to a personal communication received from Mr. F. M. Anderson
it is from this shale member that he obtained the fauna listed from
““the yellow shales below the concretionary sandstones’ in his paper
on the Diablo Range.2 This fauna is given on page 61.

The sandstone separating the two shale members varies from 200
to 300 or 400 feet in thickness and consists of yellowmh—gray and
brown sandstone full of large brown concretions. It is of the same
type as the characteristic Chico concretionary sandstone farther
down in the section, but differs slightly in that the outcrops have in
general a more brownish aspect, and that the concretions are of
larger average size and in many places have the character of elongated
layers. This sandstone is without fossils so far as known. It occurs

a Proc. California Acad. Sci., 3d ser., Geology, vol. 2, 1905, p. 161.
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typically on the 2,500-foot hill'1} miles northwest of Oil City, whence
/it is traceable northward beyond the northern edge of the area
mapped and southwestward nearly to Los Gatos Creek.

The uppermost member is one of particular interest owing to its

' 1nc11v1dun,hty among the known types of Cretaceous deposits, its large
content of organic material, its petroliferous nature, and its similarity
to the Eocene beds. .Itisat least 1,200 feet thick and consists princi-
pally of shale, but has a considerable admixture of sand and sandstone.
For convenience it will be referred to as a whole as the purple-shale
member. The most characteristic beds of this zone are of purplish-
brown, fairly hard, thinly bedded, both siliceous and calcareous clay
shale, in which the tests of Foraminifera are very abundant. This
shale bears a resemblance to some of the less siliceous shale in the
upper part of the overlying Tejon (Eocene), especially to that shale
as 1t occurs in the southern part of this district, and is not unlike
some argillaceous phases of the Monterey shale (middle Miocene) of
the outer Coast Ranges and the shale mapped as Santa Margarita (?)
(middle Miocene) along Reef Ridge and at other points in this dis-
trict. It contains local thin, generally lenticular layers of grayish
and yellowish calcareous shale and also large oval nodules of grayish-
white limestone. These nodules are usually several feet in dimen-
sions, and one was observed_as much as 8 feet long and 2% feet thick.
Seams of sandy shale and lenses of sand occur sparingly.

Purple shale such as that described is especially characteristic of
the upper half of the member and forms a well-marked belt of low
topography, and locally bare purplish slopes dotted with dark-green
juniper and oak trees, at Oil City and both northeast and southwest
of that place.

In the lower half of the member the shale is less markedly of the
purplish type and ordinary grayish-black clay shale, like that below
the underlying concretionary sandstone, is an important constituent.
Most of the shale, however, has at least a trace of the purplish color
and contains Foraminifera. Calcareous layers and lenses occur
throughout. The beds are characteristically much crushed, filled
with seams and veins of selenite along the small cracks, and traversed
by irregular sandstone dikes. Somewhat irregular zones of whitish,
yellowish, and grayish fine-grained sand and sandstone are inter-
bedded with the shale in the lower part of the member. For the
most part these are more varied than the sandstone characteristic
of lower portions of the Chico, are more thinly bedded, and lack the
large brown concretions. Some of the true concretionary sandstone
is interbedded with the’'shale, however, and no sharp line of separa-
tion is to be drawn between the purple- shale member and the under-
lying concretionary sandstone. The contact is shown on the map
(PL. I) by the green line bounding the west side of the possible pro-
ductive territory north of Los Gatos Creek.
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Above the purple shale of the uppermost Cretaceous lie dark clay
and clay shale beds aggregating several hundred feet in thickness,
which appear to form an upward continuation of the shale of the
Chico, but which are mapped with the Tejon (Focene). Fossils
recently found near the northern edge of the Coalinga district show
that the higher of these beds belong with the sandstone of the Tejon
above; but there is reason to believe that 200-feet or so. of beds at
the base belong in the Chico. Their inclusion in the Chico would
make no appreciable difference in the mapping and for the present
the line is drawn at the top of the purple shale, which is the only line
that could be mapped with any approach to consistency. Whether
the line of separation between the Cretaceous and Tertiary occurs at
the top of the purple shale or somewhat higher, within the darker clay
shale, it is noteworthy that it should occur within a zone of fine sedi-
ments and be marked by no break of evident stratigraphic importance.

However, in spite of the apparent transition between the shale of
the Cretaceous and that of the Eocene in the northern part of the
Coalinga district, it is believed that they are separated by an uncon-
formity. The evidence of this is the progressive disappearance of
- the upper members of the Knoxville-Chico southward in the district,
whereas the basal Tejon is believed to represent a fairly cohstant hori-
zon. The upper half of the upper division of the Knoxville-Chico
has been recognized only north of Los Gatos Creek, and south of
Waltham Creek the whole of the thick concretionary sandstone ter-
rane has disappeared likewise, the Tejon where next exposed south
of Jacalitos Creek resting directly upon dark shales of a lower portion
of the Knoxville-Chico. The beginning of the disappearance of the
upper members of the Cretaceous is indicated by the gradual thin-
ning of the purple-shale member at the top southwestward from Oil
City until it is finally lost near Los Gatos Creek. This thinning and
disappearance of the members is probably the effect of erosion upon
them before the deposition of the Eocene. -

In the preliminary report on the Coalinga district® the shale and
interbedded sandstone here described as the uppermost member. of
the Chico (Upper Cretaceous) was treated as part of the Tejon
(Eocene) owing to its similarity to and striking appearance of con-
tinuity with the beds of that age. The line between the Cretaceous
and Eocene was arbitrarily drawn at the top of the concretionary
sandstone immediately underlying this member. During the course
of work done north of the Coalinga district by the junior author of the
present paper and R. W. Pack in 1909 it was discovered that this shale
zone is part of the Cretaceous, the fact being especially confirmed
for the Coalinga district by the finding of Cretaceous fossils such as
Baculites and Hamites in calcareous nodules in the purple shale

T
- aBull. U. S. Geol. Survey No. 357, 1908.
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within one-half mile northwest of Oil City (on the west side of the
SW. $sec. 17, T. 19 S, R. 15 E.).. The stratigraphic relations and
fauna of this shale will be further discussed in a report that is in
preparation on the territory north of the Coalinga district.

The beds here referred to as the purple-shale member of the Chico
(Upper Cretaceous) were mentioned by F. M. Anderson in his first
paper on the Diablo Range.¢ He considered them to represent the
middle portion of the Eocene of this region and correlated them with
the shale on Reef Ridge in the southern part of the Coalinga district,
which was termed by him the Kreyenhagen shales and which is de-
scribed in the present paper as the upper member of the Eocene. In
a paper published subsequently? the purple-shale member was de-
scribed as the lower shales in a fourfold division of the Eocene, the
underlying concretionary sandstone, which outcrops typically on the

2,500-foot hill northwest of Oil City, being described as the lower
sandstone and considered as the base of the Eocene. Higher beds
than any here referred to the purple-sha,le member were included in
F. M. Anderson’s descmptlon as is shown by the fact that Eocene
fossils were stated to occur in this division.

The upper division of the Knoxville-Chico presents approximately
the following section on Joaquin Ridge:

Section of upper division of the Knozville-Chico rocks 10 males north of Coalinga.
Fest.
The purple-shale member: Petroliferous, purplish and blackish, foramini-
feral, siliceous clay shale, with calcareous nodules; decidedly purple and
giliceous in the upper part; more argillaceous and intermingled with whit-
ish and yellowish sand and sandstone in lower part; overlain by clay and
sand of Tejon (FOCENE). ... vu ettt et e c e e e e eaaaiaas 1,200
Hard golden-brown sandstone, largely made up of irregular elongated concre:
tions, forms 2,500-foot hill northwest of Oil City........... ... ... ..... 200+
Soft zone of whitish-gray and yellowish-gray sand and dark clay shale, with
occasional thin layers of hard brown sandstone and hard calcareous shale;
forms low topography, few outcrops, and loose, crumblysoil............... 1,000
Hard brown sandstone with large reddish-brown concretions of hard sandstone, '
interbedded with whitish and yellowish-gray sand full of small bullet-like

concretions of gray sandstone....... ... ... ... e, 300
Light-colored calcareousshale. . .......o.ciiiieiiiiiiiiiiii i iiaaaan.. 200
Hard brown sandstone with some large concretions, interbedded with much

less prominent bedsof yellow sand ........ ... ... ... ... ..., 300

Massive beds of fairly soft yellowish-gray sandstone full of large dark-brown
concretions, forming outcrops such as that shown in Plate IV, B. Softer
beds of sand and clay that do not outcrop are interbedded. This is the
top of the typical massive concretionary sandstone of the lower portion
of the upper division of the Knoxville-Chico.........oc.coooiiio.L. 200
Chiefly massive yellowish-gray sandstone like the last, with several zones in :
~ which the concretions are abundant and with some conglomerate zones;
forms rocky pinnacles; overlies thinly bedded shale.and sandstone of
middle division...... ... ..o i e -1, 3004

e Proc. California Acad. Sci., 3d ser., Geology vol. 2 1905, p. 163.
bIdem, 4th ser., vol. 3, 1908, pp. 13-14.
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EVIDENCE OF AGE.

v

Fossils of Chico (Upper Cretaceous) age have been found by the
writers at various localities in sandstone, conglomerate, and shale in
this upper division of the rocks mapped as the Knoxville-Chico.
Most of them are in. a poor state of preservation. The following
species, all believed to be characteristic of the Chico, have been
found in the upper and middle divisions within the district:®

Chico ( Upper Cretaceous) fossils from the Coalinga district.

Name. ' 1|2 (3 |45 6|7 |8 |9 [10.]10

PELECYPODA.

Anomialineata Gabb...... ... ... il e X
Anomia lineata? Gabb.......
Arca vancouverensis Meek
Avicula lingueformis Evans and Shumard . .
Inoceramussp..indet.. .. .. ... ... .. .. ...
Mactra ashburneri Gabb.
Meekiasella Gabb. ... Y N S
Meekiasella? Gabb............. ... Jeeel| X
Nuculasp.indebt... ... ....ocoiciiiiii...
PelecyPod SP. e ueeitaii i R
510 [2) s KA + B (P "R O R DU PR, U DR FRN DR P
Tellina? ooides Gabb......................... JR PR PR (G DO PR R PR PR RN PN S
Venus varians Gabb............. ool RO 5~ G PN PR RN PR PR R S SR

~Lunatiasp..............
Perissolax brevirostris Ga JUO PR
Volutederma gabbi (White). ... .................. ... e X |-

CEPHALOPODA.

Ammonitese .. ... e
Baculites chicoensis Trask..........coooiiiiiiiiia. X |eeee]eenn
PachydiseusS n. SP.@ cov o ieii i, N RPN PR AN PR PR RO I 4

XX

o a{fragments of indeterminate ammonoids have been found by several persons in the hills northwest of
oalinga. .

1. Ten miles N. 27° W. of Coalinga, at elevation of 2,600 feet, on summit of long ridge north of Los Gatos
Creek, in center of SW. 3 sec. 15, T. 19 8., R. 14 E.  About 1,000 feet stratigraphically above base of Chico
concretionary sandstone series in a bed of conglomerate and pebbly micaceous sandstone.

2. Hills north of Los Gatos Creek; probably same locality as 1.

3. About one-fourth mile north of 1, on the same ridge. ~ About 600 feet stratigraphically above base of
Chico concretionary sandstone series in a conglomerate bed through massive sandstone.

4. On long ridge 3} miles north of junction of White and Los Gatos creeks, on north side of summit of
2,654-foot hill. Several hundred feet stratigraphically below base of Chico concretionary sandstone series
in a coarse conglomerate through sandstone and shale. .

5. Two miles north of White Creek, at elevation of 3,100 feet, one-fourth mile southeast of summit of
3,425-foot hill, southeast corner sec. 10, T. 19 S., R. 13 E. About 2,000 feet stratigraphically below base of
concretionary sandstone series in a bed of pebbly sandstone through the shale series.

6. Two miles north of White Creek, at elevation of about 2,800 feet, on long ridge three-fourths mile
south of 3,300-foot hill, east side of NE. } sec. 14, T. 19 S, R. 13 E. -About 2,000 feet stratigraphically
below base of Chico concretionary sandstone series in a pebbly sandstone through shale series. Prob-
ably the same horizon as 5. '

7. Hills northwest of Coalinga; locality indefinite. Specimens owned by J. H. Webb.

8. Float in creek 6 miles northwest of Coalinga, north of White Creek. .

9. In Alcalde Hills, 3% miles west-southwest of Coalinga in Anticline Canyon, central part of sec. 2, T. 21
S.,R.14E. Atcontactof Cretaceous and Miocene in a thin bed of pebbly sandstone through thinly bedded
sandstone and shale.

10. Alcalde Canyon, one-half mile southwest of Alealde. Inshale. .

11. Head of Canoas Creek outside of the area mapped. - About 1 to 2 miles east of the southeast end of
Castle Mountain. In sandstone and shale. . :

The following additional épecies are reported by F. M. Anderson®
from nodular limestone in the shales below one of the upper con-

a Thefossils mentioned on p. 58 as occurring in the purple-shale member were found too recently to admit
of their being listed here. . ' '
b Proe. California Acad. Sci., 3d ser., Geology, vol. 2, No. 2, 1905, p. 161.
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cretionary sandstone zones of the upper division of the Knoxville-
Chico at different points in the Coalinga region. c

PELECYPODA.

Glycymeris veatchii Gabb+-Pectunculus
id.
Inoceramus whitneyi Gabb.

CEPHALOPODA.

Baculites sp.
Desmoceras sp., related to D: hoffmanni

Gabb.

Lytoceras sacya Forbes.
GASTEROPODA.

Architectonica sp.
Cinulia obliqua Gabb.
Gyrodes sp.

The fossils prove the Chico age of the rocks throughout the upper
division, leaving only a small thickness of strata at the summit, be-
tween the fossiliferous Chico beds and those containing Tejon (Eocene)
fossils, of which the age is in doubt. These strata, which are at
most a few hundred feet in thickness, might be either Chico or
Tejon, or a transitional series corresponding in age to the Martinez
formation in the vicinity of San Francisco Bay. A line of separa-
tion is drawn in the transitional portion on the basis of lithology,
and it is believed that the beds below are with little doubt of Chico
(Upper Cretaceous) age and those above, with the possible exception
of 200 feet or so at the base, of Tejon (Eocene) age. -

IMPORTANCE WITH RELATION TO PETROLEUM.

The purple-shale member of the Knoxville-Chico (Cretaceous) is
of especial interest as the reservoir and presumably the source of the
large amount of light oil that has been produced by the Oil City field.
The wells obtain their oil from the sandy zones in the lower portion of
the member and possibly in places also from the shale itself. The
occurrence of petroleum in this formation affords the first instance
known on the west coast of richly productive petroleum-bearing beds
in the Cretaceous.. The presence of oil may be detected in many
places in the shale by the odor, especially in the calcareous layers and
nodules, and it is not improbable that the purplish and chocolate-
+ brown colors appearing throughout the member are due to petro-
leum staining. A seepage of light oil from the shale of this member
within one-half mile northwest of the camp now called Oil City led to
the first drilling for oil in the region and the consequent development
of the Coalinga field. Another large seepage occurs near the forks
of a canyon less than 2 miles northeast of Oil City (NW. % sec. 9, T.
198., R. 15 E.).2 There the oil is exuding from beds of dark clay in
the middle of the clay zone already mentioned as overlying the pur-
ple-shale member. The beds at the horizon of the seepage are prob-

e Owing toan errof in the engraving this seepage is shown one-fourth mile too far east on the geologic map
(PLI).
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ably in the Tejon (Eocene), but can not be far above the top of the
‘Knoxville-Chico (Cretaceous), being, at most, within 400 feet strati-
graphically above the top of the purple shale, from which the oil with
little doubt comes. The seepage may be an indication of the horizon
of the line of unconformlty between the Cretaceous and Eocene.

No evidence of oil is known in the Knoxville-Chico strata at any
- horizon lower than the base of the purple-shale member. It is pos-
sible that traces of oil are to be found in them, as in most sedimentary
rocks, but there is nothing to indicate that it will ever be discovered
in this region in a quantity sufficient to make it of economic impor-
tance. No petroleum has been found by wells penetratmg strata
lower than the purple-shale member. :

 TEJON FORMATION (EOCENE).
GENERAL DESCRIPTION.

The formation mapped as the Tejon in the Coalinga district is made
up entirely of sedimentary strata that dip toward the great valley in the
monocline along the eastern flank of the mountains and are exposed
on the surface in a narrow discontinuous belt between the Cretaceous
beds which underlie them and those of the Miocene which overlie
them. The beds so mapped have a thickness of 1,600 to 1,850 feet
and are divisible into two main members of approximately equal
thickness—a lower one consisting of sandstone in the southern part
of the district and of dark clay shale and sand in the northern part,
which is certainly of Eocene age, with the possible exception of a
small thickness at the base, and an upper one of light-colored organic
shale which affords few species of fossils and no conclusive evidence
as to its age. This upper member may represent either Eocene or

Oligocene time, but the facts that there seems to be a gradation from
the beds of the lower member into those of the upper and that the
two invariably occur together in this region favor its assignment
to the Eocene. It is made up of thin beds of whitish and purplish
siliceous, argillaceous, and locally calcareous shale, which is easily
recognizable and which lends individuality to the formation. The
shale is very similar, especially in some places, as north of Coalinga,
to the siliceous shale of the formation along Reef Ridge that is de-
scribed later as the Santa Margarita (?) formation, and the two must
not be confused. It is also somewhat similar to the purple shale of
the upper Chico. Where the Tejon formation is thick, shale and clay
form a greater proportion of the whole than the sandstone, but a
great local variation in the thickness of this member is noteworthy
because due to the great unconformity between it and the overlying
Miocene beds. ~ A large portion of the formation had been worn away
before the Vaqueros (lower Miocene) sandstone was deposited on
its upturned surface. It is possible that an unconformity occurs
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within the beds mapped as Tejon at the base of the upper shale, but,
no discrepancy in dip between the beds of the two divisions has been
found, and the succession of beds is seemingly continuous.

As already pointed out, an unconformity exists between the Chico
(Upper Cretaceous) and Tejon (Eocene) beds, in spite of the facts
that no sharp line of demarcation is to be drawn between the Tejon
and the underlying Chigo in the northernmost part of the district
and that 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 continu-
ous period of sedimentation. In the southern portion of the district
the Tejon overlies unconformably beds that belong to an earlier
portion of the Cretaceous, either lower Chico or Knoxville, thus prov-
ing that a period of land conditions and orogenic disturbances pre-
ceded the Tejon.

Tejon group was the name applied by J. D. Whltney to the fossilif-
erous strata in the vicinity of Fort Tejon, Kern County, and Mar-
tinez, Contra Costa County, which were included by Gabb under
his Division B, or Upper Cretaceous.2 As the result of later studies
the fossils of this formation are now considered to be of Eocene age.
Strata of the same age occur extensively in the region of Carquinez
Straits, east of Mount Diablo, and have been found at a number of
different points along the western border of the San Joaquin Valley,
notably at New Idria and in the region discussed in the present
paper. It may therefore be said that in all probability an almost
continuous belt of Tejon sedimentary? rocks extends near the valley
edge between Martinez and the type locality in Kern County, this
formation composing an important middle member. in the succession
of terranes of which the easternmost mountain group of the Coast
Ranges is built.

The rocks in this belt are chiefly of marine sedimentary origin and
consist in the main of sandstone and shale. They are in many
. places such as to indicate a shallow-water or brackish-water origin,
and lignitic seams are very characteristic.

The Eocene of the southern portion of the Diablo Range was
described by F. M. Anderson, in his first paper? relating to this region,
as made up of three members, namely, the Avenal sandstone at the
base, the Kreyenhagen shales in the middle, and the Domijean sands
at the top. The first two of these names were applied to the two
members of the Eocene along Reef Ridge in the southern half of the
Coalinga district. North of thatregionthose memberswere correlated
with the beds which have been above described as the upper con-
cretionary sandstone and the overlying purple-shale member of the
Chico (Upper Cretaceous). The third of these names was applied to

a Geol. Survey California, Paleontology, vol. 2, 1869, preface, p. xiil.
b Proc. California Acad. Sci,, 3d ser., Geology, vol. 2, pp. 162 et seq.
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the Eocene sandstone near the Domengine ranch, just north of the
Coalinga district, this sandstone being considered to represent an
upper sandstone zone. In the present paper this sandstone is
treated as the upper portion of the lower member, which is regarded
as the correlative of the lower member in the southern part of the
district. Although it may prove advisable to retain one or two of
" these names in future, the name. Tejon formation is used in the
present paper to include the whole succession of beds, for the sake of
simplicity and to avoid confusion. ‘ ‘

- DISTRIBUTION AND LOCAL CHARACTER.

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

TEJON NORTH OF PLEASANT VALLEY.

In the northern region the Tejon is typically exposed in the hills
directly north of Coalinga, in the vicinity of the camp called Oil City.
The formation has a thickness of at least 1,850 feet where most com-
pletely exposed on the flanks of Joaquin Ridge, comprising a lower
sandy and clayey member 850 feet thick and an upper organic
shale member at least 1,000 feet thick.

The beds are markedly unconformable with those of Miocene age
above, the unconformity being well displayed in the hills 84 miles north
of Coalinga and near the point pictured in Plate V, B. There the
low-dipping and comparatively little-disturbed Vaqueros (lower Mio-
. cene) sandstone rests on the highly tilted, overturned, and fractured
shale of the upper part of the Tejon. The unconformity. is likewise
evident in other portions of the hills, yet in places there is little varia-
tion in-dip between the two formations, and the relation might be
mistaken for a conformity if the contact were only locally observed.
This fact illustrates the local nature of the phenomena in this region.
Beds that were violently disturbed in one locality before the deposi-
tion of later sediments upon them may have been left comparatively
little disturbed a short distance away, and little reliance is to be put
in apparent’ conformities resulting from harmony in angle of dip
between two formations. ,

The basal clay zone of the Tejon and its relation to the Cretaceous
beds have already been mentioned in connectien with the purple-
shale member of the Chico. This zone comprises a thickness of
about 700 feet and grades upward into a more sandy zone about 150
feet thick, the two together composing the lower member of the
Tejon. The clay zone consists of blacklsh-gray, fairly compact
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fine-grained material and forms a massive, homogeneous deposit
with inconspicuous bedding planes. It is on the border line between
clay and shale but partakes more of the nature of clay. Consider-
able fine sand is intermingled, giving much of the clay a gritty char-
acter, and there occur occasional layers and lenses of fine sandstone.
Tests and impressions of Foraminifera are abundant in this clay, but
not so abundant as to cause it to lose its predominantly clayey:
nature or approach in character the more organic shale in the upper
member of the Chico or the upper member of the Tejon of this region.
Eocene fossils have been found in the upper portion of the clay zone
just north of this district,® but as yet there is no certainty whether
a small thickness at the base of the zone may not belong to the
Cretaceous. At the top the clay grades almost imperceptibly into
a very gypsiferous soft clayey sand which forms the upper 150
feet of the lower member. This sandy zone comprises alternat-
ing layers of varied character—light-gray sandy clay, dark clay,
gray and yellowish sand locally hardened into sandstone, green
sand, and hard white calcareous nodules. In places the beds are
more hardened than elsewhere and calcareous sandstone predomi-
nates, giving the zone prominence. Tejon (FEocene) fossils have
been found at a number of points in this zone, both in the sandstone
and in the calcareous nodules. - ,

The lower member of the Tejon is traceable southwestward nearly
to Los Gatos Creek and is undoubtedly continuous beneath the
alluvium with the belt exposed on the west side of Pleasant Valley.
It becomes somewhat thinner in that direction and the lower clayey
beds are not persistent as a distinct zone. -

The upper member of the Tejon as mapped forms a prominent
white belt from the region north of Pleasant Valley to and beyond
the north edge of the district. Throughout the belt it has an exposed
thickness of 400 to 1,000 feet, commonly about 700 feet. The varia-
tion is due to the erosion that took place before the deposition of the
Miocene. It is probable that the complete succession of beds as
originally deposited is nowhere exposed within this region. This
member consists chiefly of white, siliceous, hard and brittle, thinly
bedded diatomaceous and foraminiferal shale, interbedded with finely
fractured, roughly bedded purplish-brown clayey shale, some fine
and coarse sand, and thin calcareous shale layers. The typical sili-
ceous shale is exposed in the overturned fold shown in Plate XIII, 4,
on the right in Plate VII, 4, and with interbedded argillaceous shale
in Plate V, B. The shale is locally variable in color, assuming differ-
ent yellowish and reddish tints as the result of staining by petroleum.
It contains an abundance of crystallized gypsum, with minor amounts

o Owing to the recency of their discovery these have not been listed. .
88170—Bull. 398—10 5
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of alkaline mineral matter and sulphur along the intricate fracture
planes. Some of the beds are largely composed of gypsum. Dikes
of sandstone traversing the beds in various directions are so common
as to be characteristic of the formation. An exposure of the shale
penetrated by irregular dikes of hard sandstone is shown in Plate
VI, A. '
. An analysis of a compact but compamtwely soft, and less siliceous
specimen of chocolate-colored shale from the upper portion of the
Tejon, near Oil Canyon, made by R. C. Wells, of the United States
Geological Survey, showed the shale to contain approximately 78 per
cent of silica. Under a lens it is seen to be composed largely of dia-
tom remains with foraminiferal tests in minor number. The silica
content is probably chiefly the product of the siliceous skeletons of
the diatoms.

Southwest of Oil City the Miocene beds gradually overlap more a,nd
more upon the Eocene, leaving less of it exposed. Owing to lack of
exposures of the rocks Within‘ 1 mile north of Los Gatos Creek,
where it opens out to Pleasant Valley, the lines of contact drawn there
are only approximately correct.

TEJON 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 for-

mation is conformable in dip 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
of this part of the area. Within 100 feet above this contact occurs
a bed of 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 formation is exceedingly gypsifer-
ous and variable in character, and appears to be a shallow brackish
and perhaps in part fresh-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, pur-
plish-brown; gypsum-bearing argillaceous shale composing the upper
half of the formation. The latter beds are steeply tilted and frac-
tured 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
Coalinga, within 500 feet above the base of the Tejon, there is
exposed a bed of soft diatomaceous shale which probably represents
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A. SANDSTONE DIKES IN PETROLIFEROUS SHALE OF THE N FORMATION.

View 15 miles north of Coalinga. Similar dikes are characteristic of this formation. Photograph by
Ralph Arnold.

.. PETROLIFEROUS SHALE AND SANDSTONE OF TEJON FORMATION BROKEN BY LOCAL FAULT.

Looking north in canyon of San Joaquin Valley coal mine. Photograph by Ralph Arnold.
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part of the siliceous zone toward the top of the formation farther
north, although it is not 1mp0551ble that it occurs within the Mio-
cene beds. - Owing to the covering of soil over 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 por-
tion 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 Tejon -
carries -it completely beneath the Miocene beds at a point about 3
miles west of Coalinga.

TEJON ALONG REEF RIDGE.

Beds of Tejon age appear again on Reef Ridge, where the same
broad lithologic characteristics may be noted—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
indurated and more regular and steeply 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
uncomformably on what is with little doubt a lower portion of the
Cretaceous. An angular unconformity between the Tejon and the
Miocene beds above it on Reef Ridge has not been found plainly
in evidence along the contact, as it is in the Coalinga field, but an
unconformable relation exists between the two formations here as
well as farther north, as is shown by the facts that the tilting of the
shale beds is in general steeper and the disturbance greater than in the
Miocene above; that the Vaqueros (lower Miocene) overlaps at the
northwest end of Reef Ridge and rests directly upon the dark shale
of the lower portion of the Knoxville-Chico; and that the thickness
of the shale of the Tejon exposed along Reef Rld(’c is varied owing to
the ovellappmg of the Miocene upon different honlons

The Tejon is exposed typically in the gorges that cut Reef Ridge
between Zapato Canyon and Big Tar Canyon. The section (fig. 3)
affords a graphic representation of the succession of beds in the latter
canyon. The Tejon along Reef Ridge is made up of a basal zone of
conglomerate varying in thickness from a few feet to over 100 feet,
of a succession of sandstone beds aggregating about 550 feet in thick-
ness, and of an upper shale portion of which a thickness as great 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
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west of Jagper Canyon. Toward the southeast the Tejon passes under -
the overlapping shale of the Santa Margarita (?) formation (upper Mio-
cene) near the extremity of Reef Ridge and disappears entirely. In
the region mapped around McLure Valley no evidence of it exists. It

PROBABLY KNOXVILLE TEJON VAQUEROS SANTA MARGARITA (1)  JACAUITOS

(Lower Cretaceous) (Eocene) (lower Miocene)  (upper middle Miocene) §(e'arly upper Miocene)
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FIGURE 3.—Section of the Santa Mai'garita (?), Vaqueros, and Tejon formations along the west side of
Big Tar Canyon.
Feet.
a. Gray and brown sand of the Jacalitos formation. ,
b. Unfossiliferous brown sand and sandy clay, with occasional layers of hard yellowish-brown sand-
stone, apparently grading into the Jacalitos above and the Santa Margarita (?) below; of doubtful
age, but mapped as Jacalitos. ... ... oo Lo 200

San\ta Margarita (?).

¢. Soft blue shale at top, grading below into soft brown shale; some brown sand at the top.......... 350
d. Prominent thinly bedded hard white and purplish siliceous shale .. 100
e. Hard shale similar to that above, grading below into thinly bedded chocolate-colored shale

Vagueros.
/. Soft gray sandstone and sandy shale...... g e eeeeaes
%. Prominent massive bed of hard gray sandstone, the upper one of *“reef beds” .1
. Less prominent gray sandstone. ... FO 75

i. Very prominent massive bed of hard gray sandstone, the lower one of the pr
this'and the associated beds are locally fossiliferous (fossil locality 4627).. . ..
{’c. Coarse grag and brownish sandstone ........ e .. 150

Thinly bedded hard sandstone and shale, with 20 feet of reddish-brown shale at the base. .. 100

1. Massively bedded, fairly soft grayish-brown sandstone............. ...l 50
m. Soft_grayish-brown sandstone, permeated throughout by veins of petroleum, and with a spring
of heavy black oil at base forming tar....... ... i i

’ 795

Tejon. —_—
n. Thinly bedded purplish, dark grayish brown, and locally light-brown and yellowish siliceous,

calcareous, and argillaceous shale. ... .. ... o o i e 700

0. Grayish-brown sandy clayshale........................... I, R, 125
p. Lig t;l-‘gray, yellowish, and brown, locally concretionary and fossiliferous sandstone impregnated
withoil. ... e e e et eeeeteiteeiatateataiacaeaeaaaaaaaas

1,325

Total Santa Margarita (?), Vaqueros,and Tejon ....................C e eeeeceeteeanaa 2,770

may have been deposited over much of this region and later removed
by erosion before the deposition of the Santa Margarita (%), which rests
directly on the Cretaceous beds. This subject is discussed in the sec-
tion dealing with the geologic history (p. 174). Rocks of Eocene age
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" reappear still farther south on the southwest flank of McLure Valley,
in the Devils Den region and beyond.

The sandstone of the Tejon may be easily recognized by the promi-
nent 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 weathers cavernous. A characteristic feature of it is that it sup-
ports a heavy growth of vegetation as compared with the shale
above it. It attains its greatest development 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 varied con-
glomerate 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
apparent conformity and intergradationupon 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 Eocene that is lacking else-
where along Reef Ridge, 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. It is only in the canyons that
the rocks of this zone are well exposed, and there they are seen to be
chiefly thin beds of purple shale, steeply tilted and considerably frac-
tured and distorted. At the base the beds of this member are almost
invariably poorly exposed, but they seem to be somewhat sandy
through 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, of a peculiar
dark purplish brown, and similar to some of the shale in the upper
member of the formation north of Coalinga. Thin laminge of fine
sand are occasionally intercalated. The shale is usually comminuted
into fine flakes or locally almost into a powder. It has a black car-
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bonaceous appearance in places, this and the purple color possibly
being due to the impregnation with petroleum. The cracks in the
shale are frequently lined with sulphur. Toward the top the shale
becomes yellowish or whitish in places, for example, near and south-
east of Big Tar Canyon, and both siliceous and calcareous, the latter
variety containing innumerable foraminiferal remains. These beds
bring out still more strikingly the resemblance to the shale member
north of Coalinga, and indicate that the same horizon is represented in
both localities. The thickness of beds exposed between the sand-
stone of the Tejon and the Miocene varies from place to place along
- Reef Ridge. The maximum thickness that has been found is in the
neighborhood of Canoas Creek, where it is about 1,000 feet.

FOSSILS AND AGE.,
LIS’I‘ OF FOSSILS,

As indicated by the’ followmg list, the Tejon formation is well
represented by fossils, and in several localities they are in a falrly
good or even excellent state of preservation. Among the species
collected by the writers within the Coalinga district are the following:

Tejon (Locene) fossils from the Coalinga district.

Nane. SHHEEEHHEEHE
A ~ - h ~H ~H ~ -+ h - 0y wn
FORAMINIFERA.
OrbitoliteS SPe @ v vvene e e eeaas FRURI PR PN P 154 R
ECHINODERMATA.
Cassidulus californicus ¥. M. Anderson............ JROOE PO R AR U PR PR PO I
PELECYPODA.
Barbatia morsei Gabb.............oo oo X oo e X XU X
Cardium breweri Gabb. . RGR PR S N X | X |- e
Cardium cooperi Gabb e XX ceall
Cardium sp.indet......... -G RPN PR P, N
Corbula ;l)anlls Gabb....... .ol X d X
Crassatellites grandis Gabh... ool el X . e
Leda gabbi Conrad........ . . Al | X%
Meretrixgabbi Arnold.. . e

Meretrix hornii Gabb. .
Meretrix ovalis Gabb. .
Meretrix uvasana Conra
Meretrix sp .
Ostrea aviculiformis F. M. Anderson............... s
Ostrea idriaenis Gabb
Ostrea sp.indet............
Ostrea, very large .........
Petricola? 1. ) + DA
Pecten interradiatus Gabb
Pecten peckhami Gabb.............
Placunanomia inornata Gabb ......
Septifer dichotomus Gabb..........
Solen parallelus Gabb..................
Spondylus carlosensis F. M Anderson
Tellina hornii Gabb...... .

Tellina joaquinensis Arnol
Tellina sp. indet....~......
Venericardia alticostata Gabb._.................

Venericardia plamcosta. Lamarck...............
Venericardia sp. (small)..........
Venericardia sp.indet.................... .. PP R X Ex oo S T e
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Tejon (Eocenye) Jossils from the Coalinga district—Continued.

Name glE|e|gls|g|8 5(8(8(|8(3
: Sigl9|8|81819|8(%]2(|R |8
GASTEROPODA.

Acteonsp.indet........ ...l cea]eee] X
Amauropsis alveata Conrad. .. R R PR
Amauropsis oviformis? Gabb ............ ... ...l JRPRR PR PPN
Cancellaria irelaniana Cooper...................... JRPR RN P P N
Cylichna costata Gabb. ...
Dentalium cooperi Gabb
Fusus remondii Gabb ..
Galerus excentricus Gab JS PP P J
Loxotrema turrita Gabb. ..............o..o.
Lunatia hornii Gabb......
Lunatia sp.a...........
Nerita triangulata Gabb......... ... .. ...
Pleurotoma domenginei Arnold JRPR RN
Pleurotoma fresnoensis Arnold.................... JRUR D S
Pleurotoma guibersoni Arnold . ... ... ..... ... .. .
Potamides carbonicoela Cooper..................... ..
Rimella canalifera Gabb................. ... ... ..
SerpulorbiS SP. @. e eeee i J
Spiroglyphus? tejonensis Arnold
Tritonidea kreyenhageni Arnold
Tritonium californicum Gabb.....................
Turritella pachecoensis Stanton. . ....... ... . .. ..
Turritella uvasana Conrad. .. .... ... ...
Xenophora? SP «ueeeeeeerenniianae i, IO T

XXX X!

DX XXX XXX

XXX -

4613. About 11 miles north of Coalinga, on west side of scc. 4, T.19 8., R. 15 E. Top of lower member.

4614. East flank of Alcalde Hills, 3 to 4 miles northwest of Coalinga, along ridge within three-fourths mile
of San Joaquin Valley coal mine, in northwest corner of scc. 26 and SE. § sec. 22, . 20 8., R. 14 E.
Prominent medium-grained sandstone bed about 200 feet above contact with concretionary sandstone
beds mapped as Cretaceous. .

4615. High point on Reef Ridge,about1 mile south of sharp turn in Zapato Creek and 1 mile cast of Sul-
phur Spring Canyon, in sec. 25, 1. 22 8., R. 15 E. Basal conglomerate of Tejon. -

4616. Eight miles due north of Coalinga, one-half mile east of Oil Canyon road, and just north of Laval
grade, near center of SE. § sec. 20, T. 19 S., R. 15 E. Siliceous shale in upper portion of T'ejon.

4617. On southwest flank of Reef Ridge, north of McLure Valley, 24 miles south-southeast of El Cerrito
well, in sec. 27, 1. 23 8., R. 17 E. Lower member. .

46141)). Fifteen miles north of Coalinga, southwest of Domengine’s ranch. Sandstone at top of lower
member.

4620. Coal mine, 4} Thiles northwest of Coalinga, about 1 mile north of San Joaquin mine, SW. 3 NE. }
sec. 22, 1. 20 8., R. 14 E. In very gypsiferous variable sand and clay overlying coal seams, 200 to 300 feet
above base of formation.

4621. About 5§ miles northwest of Coalinga, on %)oint of hills (elevation 1,100 feet) south of mouth of Los
QGatos Creek, in center of NE. } sec. 15, T.20 S, R. 14 E. Inhard calcareous sandstone bed about 150 feet
above contact with concretionary sandstone mapped as Cretaceous. .

4622. Four miles west-northwest of Coalinga, on top of hill north of road and one-half mile south of San
Joaquin Valley coal mine, west of center of SW. % sec. 26, T. 22 S., R. 14 E. Prominent sandstone hed
about 150 feet above concretionary sandstone mapped as Cretaccous.

4801. Three miles northwest of Coalinga, at San Joaquin Valley coal mine, in NW., % sec. 26, T. 20 8.,
R. 14 E. Lower member. . .

5013. Eight miles northwest of Coalinga, in white siliceous shale at top of T'ejon formation, east of eenter
ofsee. 25, T'. 19 5., R. 14 E. .

5014. About 13 miles north of Coalinga, on cast side of sec. 29, T. 18 S., R. 15 E., in dark-colored shalo
just under Miocene oil sand. .
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OTHER SPECIES COLLECTED.

To the above list of species should be added the follovﬁng, among
others collected by F. M. Anderson ¢ in the same region:

FORAMINIFERA. PELECYPODA.
Cyclammina sp. Gari texta ? Gabb (4).
Lagena? sp. Modiola ornata Gabb (3).
Nodosaria p.
Polymorphina sp. GASTEROPODA.
Pul\fulina. 8p. Cancellaria elongata Gabb (1).
Sagrina Sp- Architectonica hornii Gabb (1).
Vaginulina sp. Fusus diaboli Gabb (1).

Fusus martinez Gabb (1, 3).

: Morio tuberculatus Gabb (4).
Ellipsosmilia granulifera Gabb (4). Neverita globosa Gabb (1, 3).
Trochocyathus striatus Gabb 4 Trocho-

smilia id. (4).

ANTHOZOA.

BRACHIOPODA.

Terebratella sp. (2).

1. Region southeast of Big Tar Canyon.

2. Conglomerate and coarse sandstone near base of Eocene at San Joaquin coal mine
and northward to Los Gatos Creek. :

3. Sandy beds associated with the carbonaceous strata above 2.

4. North of Los Gatos Creek.

FAUNAL RELATIONS AND AGE.

With the exception of the new Eocene species described by the
senior author in Bulletin 396, certain species described by J. G. Cooper
and F. M. Anderson from this region, and a few forms that occur in
the Martinez or lower Eocene, the fauna of the Eocene of the Coalinga
district consists of species heretofore known only from Tejon localities.

The new forms discovered by F. M. Anderson and the writers have
so far escaped observation in other localities, but some of them, at
least, may eventually be found elsewhere. The species occurring in
the Coalinga district and also found at the type locality of the Mar-
tinez® are as follows: ‘

Cardium cooperi Gabb. Morio tuberculatus Gabb.

Cylichna costata Gabb. Tellina hornii Gabb.

Dentalium cooperi Gabb. Turritella pachecoensis Stanton.

Leda gabbi Conrad. Venericardia planicosta Lamarck (V.
Lunatia hornii Gabb. hornii Gabb).,

. According to Merriam?® Cardium cooperi is common in the Martinez
and rarer in the Tejon; Cylichna costata is rare in the Martinez and

@ Proc. California Acad. Sci., 3d ser., Geology, vol. 2, No. 2, 1905, pp. 164-166.
b Merriam, J. C., Jour. Geology, vol. 5, 1897, p. 773.
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common in the Tejon; Dentalium cooperi is common in the Chico -
(Cretaceous), Martinez, and Tejon; Leda gabbi is common in both the
Martinez and Tejon; Lunatia hornit is rare in the Martinez and com-
mon in the Tejon; the occurrence of Morio tuberculatus is question-
able in the Martinez; Tellina hornii is common in both the Martinez
and Tejon; and Venericardia planicosta is common throughout the
Martinez and Tejon and all through the Eocene for that matter. The
Turritella pachecoensis from the Coalinga district is much smaller than
the typical forin from the Martinez. Pecten peckhami Gabb extends
to the Miocene or even higher. '

Of a total fauna of 52 recognizable species in the Tejon of the
Coalinga district 10 are species so far known only from the district,
1 has heretofore been known only in the Martinez, 8 are found both
in the Martinez and the Tejon (but all these except one are species
of which the individuals are as common or commoner in the Tejon
than in the Martinez), and 33 are known almost exclusively in the
Tejon. It is obvious, therefore, that the bulk of the Eocene in
the Coalinga district is of Tejon age, which probably represents a
part of the middle Eocene. There is also evidence favoring the cor-
relation of the fauna with that of the Jackson formation of Mississippi.

The faunas of all the localities in the Tejon in the Coalinga dis-
trict, with the exception of those found associated with the car-
bonaceous beds west of Coalinga, indicate a-marine origin for the
deposits. The fauna of the carbonaceous beds (locality 4801, etc.)
indicates brackish water at this locality during a part of the Tejon.
This agrees with evidence from other parts of the west coast where
the middle Eocene is characterized by brackish and even fresh
water deposits, usually containing more or less coal. The brackish-
water deposits in the Coalinga district are characterized by such
species as Barbatia morsei Gabb, Placunanomia inornate Gabb, Ostrea
aviculiformis Anderson, and Potamides carbonicola Cooper.

The molluscan fauna of the white diatomaceous and foraminiferous
shale at the top of the Tejon in the Coalinga district consists of
Pecten interradiatus Gabb, Pecten peckhami Gabb, and Leda gabbi
Conrad. Leda gabbi is a common Tejon species, while Pecten peck-
hami is so far known elsewhere only in the Oligocene, Miocene, and
possibly Pliocene. Pecten interradiatus is known elsewhere only in
shales occupying a similar stratigraphic position to the shales in
which it occurs in the Coalinga district. The stratigraphic evidence
is strongly in favor of the diatomaceous shales being a part of the
Tejon; the faunal evidence is about equally divided; therefore it
seems most logical that the rocks in question be assigned to the Tejon,
_ at least until the securing of further and more definite evidence.

Owing to the close resemblance of the shales under discussion to
the Monterey (lower middle Miocene) shale of other portions of the
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- Coast Ranges and to the occurrence in them of the then supposedly
characteristic Miocene fossil Pecten peckhami Gabb, the former were
ascribed to that formation by Watts,* Eldridge,? and F. M. Anderson. ¢
Later,® F. M. Anderson withdrew this correlation, suggesting that
““the definite assignment of these shales to either the Eocene or the
~ Oligocene in the time scale of California geology * * * must be
reserved for further study and for some future time.”’

IMPORTANCE WITH RELATION TO PETROLEUM.

The diatomaceous and foraminiferal shale forming the upper mem-
ber of the Tejon is thought to be the original source of the petroleum
found in the Tejon and later formations of the Coalinga district.
This shale is petroliferous practically throughout its extent in the
district, whereas the purple-shale member of the Chico, which is the
only oil-bearing zone lower than the Tejon, is present only in the
very northern part of the district. The post-Eocene beds are petro-
liferous where associated with the Tejon. Where it is absent they
are dry. In the northern portion of the district the shale forming
the upper member of the Tejon is stained with petroleum, but as far
as known the formation there does not contain any reservoirs of
oil. The oil has migrated upward and collected in vast quantities
in the more suitable reservoirs afforded by the Miocene beds. In
the southern portion of the district the sandstone of the lower half of
the formation is saturated with oil, in places through its whole thick-
ness. The sand has a strong odor, and when a fresh fracture surface
is exposed the beds are found to be stained brown throughout. In-
cluded layers of shale are stained purple. The wells which are drilled
through the shale to this sandstone strike oil in it everywhere 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 sandstone both above and below.
The occurrence of it in the overlying Miocene beds will be mentioned
later.

The shale in the upper part of the Te] on contains a large proportion
of material of organic origin. The calcareous facies is largely com-
posed of foraminiferal remains, and the hard siliceous beds are very
similar to the altered varieties of diatomaceous shale found in other
formations in other parts of the State. In places in this district the
shale is softer and less altered and may be seen to be composed largely

a Bull. California State Min. Bur. No. 3, 1894, p. 65; Bull. No. 18, 1900, p. 136.
b Bull. U. 8. Geol. Survey No. 213, 1903, p. 307.

¢ Proc. California Acad. Sci., 3d ser., Geology, vol. 2, No. 2, 1905, p. 173.

d Tdem, 4th ser., vol. 3, 1908, p. 16.
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of diatom remains. In the opinion of the writers 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,
and 1t is a striking fact that all the conditions point to the diatoma.
ceous or foraminiferal nature of the deposits, rather than to the age or
other characteristics of the formations, as the determmmg factor in
the original occurrence of petroleum.

GENERAL DESCRIPTION OF THE POST-EOCENE FORMATIONS.

INTRODUCTION.

The Miocene, Pliocene, and early Pleistocene are represented in the
Coalinga district by a series of formations that form a group by them-
selves distinct from the older formations. The first impression re-
ceived upon v1cw1ng 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
descriptions of the different divisions of it, which on closer study are
found to be separable from one another.

The periods following the IEocene are here represented by a great
series of sandstone, shalc and conglomerate beds, all tilted at about
the same angle, having usually simil&r characteristics, and presenting
an appearance of conformity and intergradation. By means, how-
ever, of discontinuous fossil faunas, distinguishable lithologic groups,
the absence in some places of formations or zones known elsewhere,
as a result of erosion and the overlapping of later beds, and the ap-
pearance of fragments of older formations within younger ones,
several important breaks may be definitely made out, which prove
the iritervention of periods of time during which land conditions
existed over wide areas or locally. 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), the Etchegoin (late upper Mio- -
cene), and the Tulare (Pliocene and lower Pleistocene) formations.
The Tulare formation is probably in large part of different origin
from the others, but is similar to them 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 in the southern portion, but the character
of the series is not entirely the same in the two regions.
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DESCRIPTION OF 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-impregnated sands unconformably
overlying the whitish and purplish petroliferous Eocene (Tejon)
shales, these sands being overlain by prominent sandstone beds (the
“reef beds’’), a prominent zone of white siliceous shale (the ‘‘indica-
tor’’), and soft sand up to the base of a zone of bluish-gray and varie-
gated clay, sand, gravel, and serpentine detritus 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 nonfossiliferous.
It corresponds in stratigraphic position to the Monterey shale (middle
Miocene) of regions nearer the coast, but nothing has been discovered
to indicate that it may belong to that formation. It is overlain by
a thickness of about 175 feet of sand, sandstone, and conglomerate
beds full of immense oysters, barnacles (Tamiosoma), scallop shells
(Pecten), and other fossils. These fossiliferous beds will be referred to
as the Tamiosoma zone. They are 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 (%) formation (upper
middle Miocene). The gravel zone with fossil wood forms the base
of a succession of sand, sandstone, gravel, and clay beds extending
up to the base of a prominent 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 fossil-wood 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 (Glycymeris zone)
and bluish sands immediately overlying grade upward into sand and
clay beds, the whole forming a thickness 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 Tulare formation (Pliocene-lower Pleistocene).
The total thickness of the succession in the Coalinga field thus out-
lined is about 4,600 feet, exclusive of the Tulare formation, which
can not be measured in this portion of the district.

DESCRIPTION OF THE SERIES IN THE SOUTH.

In the southern part of the district the basal-portion of the Miocene-
Pliocene series consists of about 700 to 900 feet of steeply dipping
hard sandstone and conglomerate beds forming the face of Reef
Ridge. These overlie, with an important though usually not apparent
unconformity, the shale of the Tejon (Eocene) and are locally. petrolif-
erous. At the summit they grade into softer beds which are over-
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lain by hard siliceous shale. Up to this shale the beds are fossilifer-
ous and are mapped as the Vaqueros formation. The overlying
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
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 about 9,500 feet.
This succession is divided on the map, on the basis of criteria to be
discussed later, into three approximately equal divisions corresponding
to the formations in the north, namely, the Jacalitos (early upper
Miocene), Etchegoin (uppermost Miocene), and the Tulare (Pliocene-
lower Pleistocene). The total thickness of the Miocene, Pliocene,
and lower Pleistocene series measurable in the above-mentioned

single section is over 11,000 feet. -

PREVIOUS CORRELATION.

In his paper entitled ‘‘A stratigraphic study in the Mount Diablo
Range of California,”® F. M. Anderson adopted a classification of
the Tertiary rocks in the hills around about Pleasant Valley, where
Coalinga is situated, which in the light of more detailed studies has
required some modification. To avoid confusion, an outline will here
be given of the changes that it has been found necessary to make.

The white and brown shales in the Coalinga field that are in the pres-
ent report mapped and described tentatively as the upper. portion of
the Tejon (Eocene) were very naturally considered to be “Monterey ’’
(middle Miocene) by F. M. Anderson, owing to their resemblance to the
well-known shales of that formation, and they were so described.
The lower Miocene beds were considered to be lacking. The series
of strata unconformably overlying the shales and extending nearly
up to the fossiliferous beds, here referred to as the Glycymeris zone,
were described by him as a stratigraphic unit under the name “Coal-
inga beds,” and as upper Miocene in age. The thickness of this
series he gave as varying from 2,180 feet 10 miles north of Coalinga
to 1,556 feet 10 miles farther north, and to 4,490 feet 3 miles west of
Coalinga. As will be discussed more fully in connection with the dif-
ferent formations, this series of strata has been found to be divided

‘into several portions separated by unconformities and representing
different periods of the Miocene. -At least two of these portions
correspond definitely to well-known formations in near-by portions
of the State. The accompanying diagram will illustrate the classi-

@ Proc. California Acad. Sci., 3d ser., Geology, vol. 2, No. 2, 1905, pp. 174 et seq.
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fications of the strata in the hills north of Coalinga adopted in the
present report and by F. M. Anderson in the paper quoted: .

Diagram of the middle Tertiary column north of Coalinga.

(Not drawn to scale.)

Present report. Paper by F. M. Anderson.

Etchegoin (uppermost Miocene). -~ Etchegoin (Pliocene).
——————— Unconformity Unconformity ——m —————
Jacalitos (upper Miocene). . :
—————— Unconformity ———
Santa Margarita (?), including Big Blue (possibly
Monterey) at hase (middle Miocene).
——————————— Unconformity ————————e—
Vaqueros (lower Miocene).
—+——————— Unconformity —. Unconformity — M8 ———u——
Tejon (upper part) (Eocene). Monterey (mmiddle Miocene). ’

Coalihga. (upper Miocene).

Temblor [=Vaqueros] (lower Miocene) absent here,
but occurring in Xreyenhagen field.

The lower beds of the Miocene series, namely, those associated with
the ‘“reef beds,” are equivalent to those described by F. M. Anderson in
the Kreyenhagen'field as the ‘“Temblor beds’” (lower Miocene), which -
are themselves equivalent to the widespread Vaqueros sandstone
(lower Miocene) of the California Coast Ranges. This portion of the
series north of Coalinga contains at several different horizons good
faunas characteristic of the lower Miocene.

The middle portion of the series is unconformable upon the lower
portion and contains rich fossil beds which have been referred to as the
Tamiosoma zone. The fauna of these beds is typical of the Santa
Margarita (upper middle Miocene) formation, well known'in the
Salinas Valley region. The Big Blue, which occurs below- the Tamio-
soma zone and which has been included at the base of the Santa
Margarita (%) formation in the mapping, may possibly represent in
part another well-known formation, the Monterey (middle Miocene),
or may be part of the Vaqueros

The upper portion of the series makes up an unconformably over-
lying, for the most part nonfossiliferous formation of upper Miocene
age, the equivalent of a portion of an important succession of strata
occurring well developed and with characteristic fauna in the southern
portion of the Coalinga district, where the name Jacalitos formation
has been assigned to it in the present report. The ““Coalinga beds”
were stated by F. M. Anderson to be lackmg in the southern portion
of the district.

The series termed the ‘‘Coalinga beds” was characterized by four
lists of fossil species in the original description. The fossils in three
of these lists were stated to come from the ‘‘reef bed,” which has been
shown to be Vaqueros (lower Miocene) in age. Those in the fourth
were obtained north of the Coalinga district, from a stratum 400 feet
above the “reef bed,” in the continuation of the beds here mapped
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as Santa Margarita (?). As far as faunal characterization goes the
“Coalinga beds” are therefore to be correlated with the ‘‘Temblor
beds’” described by Anderson—that is, with the Vaqueros—and with
the Santa Margarita (?). In view of the fact that the series has been
found divisible into distinct formations of different ages, for the most
part equivalent to formations known elsewhere, the name ‘‘Coalinga
beds’’ can not be retained.®

THE McKITTRICK FORMATION SOUTH OF THIS DISTRICT. .

- At most localities along the flanks of the Diablo and Temblor ranges
south of the Coalinga district it has not been found possible to sepa-
rate the post-Santa Margarita (?) Tertiary formations,owing to the facts
that they are imperfectly exposed and that they are unusually poor
in fossils. These beds are the continuation and at least the partial
equivalent of the succession of beds in the Coalinga district which is
divisible into the three formations Jacalitos, Etchegoin, and Tulare.
The name McKittrick formation has been applied to these beds along
the Temblor Range because of their importance as a cartographic
and (in appear ance) stratigraphic unlt in and to the north and south
of the McKittrick oil district.?

To the south of the Coalinga district the McK1ttnck formation is
distributed over both sides of the Temblor Range along most of its
length and forms the whole of the Buena Vista and Elk hills. It is
particularly important economically, as its basal members are the
productive beds for the McKittrick, Midway, and Sunset oil fields.
On the east side of the Temblor Range the formation consists of
coarse to fine conglomerates and coarse sands near its base, then a
zone of bluish sandy clay, then medium to coarse sands and sandy
shales, and at the top a succession of alternating coarse gravel and
clay beds. The whole formation ranges from 1,300 to possibly 2,500
feet in thickness. It overlies the Monterey and Santa Margarita (%)
unconformably, and is in turn unconformably overlain by late Quater-

aSince the preparation of this bulletin there has appeared a paper by Frank M. Anderson entitled “A
further stratigraphic study in the Mount Diablo Range of California” (Proc. California Acad. Sci.,4th ser.,
vol. 3, Oct. 31, 1908, pp. 1-40). In this paper the description of the section given in his former paper is con-
siderably revised. The white shales south and east of Qil City are recognized to be Eocene or Oligocene
instead of Montercy (middle Miocene), and the unconformably overlying formation, in which the “rcef
beds’ occur, to be lower Miocene. Theapplication of the term ‘“Coalinga beds” is changed so as to leave out
the lower Miocene, which was the most typical portion in the original description, and the Big Blue, which
is recognized as possibly representing the Monterey. Two faunal lists characterizing the “Coalinga beds”
are given for the type locality north of Coalinga, the first heing of the fossils of the T°emiosomae zone, which are -
typical of the previously named Santa Margarita formation, and the second being the same list of fossils
given in the former paper as from 400 feet above the “recf bed.” The thickness of the revised ““Coalinga
beds” is given as from 500 to 800 feet between Coalinga and Gantua Creek, which is 20 miles or so north.
From this it appears that the intention is to restrict'the name to practically the same beds north of
Coalinga which are mapped in the present report as Santa Margarita (?) exclusive of the Big Blue.
South of Waltham Creck these beds are correlated with a portion of the terrane mapped as the Jacalitos
formation in the present report. The thickness of the ““Coalinga beds’’ is stated to be “from 1,000 to 1,500
feet in the field between Waltham Creek and Tulare Lake.”

b Arnold, Ralph, and Johnson, Harry R., Preliminary report on the McKittrick-Sunset oil region,
Californja: Bull. U. 8. Geol. Survey No. 406, 1910.
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nary sand, gravel, and alluvial deposits. Evidence of an uncon-
- formity within the formation was obtained at one or two points.

VAQUEROS SANDSTONE (LOWER MIOCENE).

GENERAL DESCRIPTION.

The unconformity at the top of the Tejon (Eocene) marks an impor-
tant lapse of time before the beginning of the Miocene period. In the
early Miocene a sedimentary formation was deposited in the Coalinga
district that is the correlative of the formation known as the Vaqueros
in the region nearer the coast.

The Vaqueros in the area under discussion forms an elongated belt
east of the belt of Tejon in the hills bordering the great valley. It
has a thickness ranging from about 550 feet in the Coalinga field to
900 feet in the Kreyenhagen field of hard and soft sandstone, shale,
and conglomerate, and may be easily distinguished from all the other
formations by the protruding tendency of the hard sandstone beds,
the ‘“‘reef beds,” in its central portion. These beds outcrop promi-
nently in the northern portion of the district, as shown in Plate VII,
A, and again in the southern portion assume such prominence as to
dominate the landscape on the bold face of the long ridge that is
named in the present report Reef Ridge. They are much more resis-
tant 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 fronting the foot-~
hills on that side, as shown in Plate VIII.

. An important distinguishing feature of the Vaqueros is that the
beds at its base are the chief oil sands of the Coalinga district. (See
PlL. V, B.) In many places they are saturated and discolored with
petroleum. They rest upon the eroded surface of the shale of the
Tejon throughout most of their extent, but overlap in the Alcalde and
Jacalitos hills upon the Knoxville-Chico (Cretaceous) rocks, thus
hiding the Tejon from view. Where such overlapping occurs, the
basal beds lose their petroliferous character at a distance from the
Tejon.

DISTRIBUTION AND LOCAL CHARACTER.

GENERAL STATEMENT.

There are three different areas along the belt of outcropping
Vaqueros beds which deserve description separately 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 is along Reef Ridge. The first two areas are separate. The
second and third areas are’shown on the map as discontinuous, but
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A. “REEF BEDS” OF VAQUEROS SANDSTONE OVERLYING OVERTURNED SHALES OF
THE TEJON FORMATION.

Looking northwest across foothills 8 miles north of Coalinga. Taken from hill shown in middle of
Plate XIV. Photograph by Ralph Arnold.

Santa Margarita

\

Vaqueros sandstone with gravel,sand clayand Overturned shales
shale ; Basal beds form oil zone D of the Tejon

B. DIAGRAM OF PLATE VII, 4.
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“REEF BEDS" OF VAQUEROS SANDSTONE FORMING SCARP OF REEF RIDGE.

Looking south across upper portion of Zapato Creek. Photograph by Ralph Arnold.
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it is p'ossible that a narrow belt of Vaqueros is exposed south of
Waltham Creek, and that this joins the belt on Reef Ridge in the
territory southwest of that shown on the map.

VAQUEROS NORTH OF PLEASANT VALLEY.

In the hills north of Coalinga the formation includes all the beds
overlying the Tejon at least as far up in the series as the base of
the zone 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 there-.
fore no definite basis for correlating it, but it is mapped for the
present as a portion of the overlying formation (the Santa Mar-
garita?) and the summit of the Vaqueros is placed at its base. The
term. Vaqueros as here used is thereby restricted to those beds which

are known by their fossils as belonging to that formation. These
beds have a thickness of about 550 feet. .

The lowest bed of the formation is coarse, irregular, pebbly sand
truncating the eroded edges of the shale of the Tejon formation. A
typical exposure of the basal zone is shown in Plate V, B. It is
followed above by roughly bedded, hard and soft, both coarse and
fine sandstone, sandy shale, and pure shale, with some thin white
diatomaceous layers. 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 fractur-
ing characteristic of rock that is filled with bitumen. About 225
feet above the base is a hard zone varying 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 the hill shown in Plate VII, A, 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 tend-
ency of this bed to jut out over the surface of the hills, 1t was referred
to as the “reef bed” by I'. M. Anderson in his paper above quoted,
and the name is here retained for convenience of reference, but
changed to the plural to include the various other hard beds just
above and below it.

Similar hard and soft sandstone beds continue to about 425 feet
above the base of the formation, where a bed some 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 may be easily traced. It
has been referred to throughout the field work as the “indicator,”
and the name was found so convenient that it may as well be used

88170—Bull, 398—10—6
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here. A good exposure of it is shown as a white outcrop running
up the ridge to the right of the center in Plate XIV. The bed is
continuous, always in the same relative position, from Oil Canyon
to the northern edge of the area shown on the map, beyond which
no attempt was made to trace it. Southwest of Oil Canyon it is
continuous for a mile or two at least. It preserves its strong indi-
viduality throughout in spite of the fact that it changes in character
locally from a soft though compact earthy deposit, both massively
bedded and ﬁ.nely laminated, as on the east side of Oil Canyon near
the pomt shown in Plate \IV to hard, thinly bedded white porce-
laneous or flinty shale and yellow1sh calcareous shale, as south of
~ the Laval grade on the hill (elevation 2,024 feet) 84 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. It ’is strikingly similar to the siliceous shale characteristic
of the upper Tejon, already described, and of the Santa Marga-
rita(?) formation of Reef Ridge, to be described later. An analysis
of a sample of the soft white variety from Oil Canyon made by
R. C. Wells, of the United States Geological Survey, showed it to
contain 48 per cent of silica. '

Above the “indicator” bed soft gray and brown sandstone in
thin layers makes up a variable zone about 125 feet thick. This
sandstone has been found to contain typical Vaqueros (lower Mio-
cene) fossils, and is the uppermost stratum in which they are found.
In the central part of the Eastside field it is'overlain by soft, fine
grayish-white sand that looks bluish from a distance and is well
known to the drillers as the Big Blue. Farther north the highest
fossiliferous beds of the Vaqueros are overlain by coarse detrital
deposits marking the same zone as the Big Blue. The line for the
top of the Vaqueros formation is drawn at the base of the zone,
which probably represents an important unconformity.

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 within a mile and a half
north of Los Gatos Creek is doubtfully indicated by certain fossils
that have been found (locality 4637).

VAQUEROS IN THE ALCALDE HILLS.

In the hills west of Coalinga the Vaqueros is absent north of the
San Joaquin Valley coal mine, with the possible exception of a thin
discontinuous zone locally exposed beneath the Santa Margarita (?)
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A. VIEW LOOKING SOUTH DOWN AVENAL CREEK.

Showing Avenal Ridge, formed of Cretaceous beds, on the right and the hills of white Miocene shale on
the left. Photograph by Ralph Arnoid.

B. BED OF SAND DOLLARS IN PEBBLY SAND OF ETCHEGOIN FORMATION.
In Kreyenhagen Hills, between Garza Creek and Big Tar Canyon. Photograph by Ralph Arnold.
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. and Jacalitos formations. South of the coal mine incoherent fossil-

iferous beds of the Vaqueros formation overlap upon the Tejon and
Chico (Upper Cretaceous) beds. They have a thickness of about
500 feet, as they have in the Eastside field. The beds are extremely
variable and consist for the most part of incoherent yellowish and
gray sand, both coarse and fine. The sand is roughly bedded and
has partings and lenses of hard sandstone and of gravel. Fossils
are abundant in it, but they are poor and not certain as indicators.
The section in figure 8 shows some of the features of the formation
in this portion of the district. Westward a capping of low-dipping
beds extends over the ridges formed of steeply dipping beds of the
Knoxville-Chico. This capping is for the most part only slightly
indurated sand, gravel, and clay in irregular deposits and variable
colors, such as green, blue, red, etc. A few marine fossils were

obtained that point to a lower Miocene age, though they do not prove
it. Fossil wood occurs in certain places in these beds, notably on
the summit of Juniper Ridge, a few miles north of Alcalde Canyon,
and it is thought that they may be in part nonmarine.

VAQUEROS IN THE JACALITOS HILLS.

Between Waltham Creek and the north end of Reef Ridge the Va-
queros 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 limits of the mapped area, to join the belt on
Reef Ridge. :

VAQUEROS ON REEF RIDGE.

The Vaqueros sandstoue overlies the shale of the Tejon on Reef
Ridge and forms the steep face of the ridge. The bedsshow a thicken-
ing of the deposits of this period southward from the region around
Pleasant Valley. They also have undergone a greater amount of
induration and form a more conspicuous part of the landscape than
the contemporary beds farther north. Their relation to the under-
lying shale of the Tejon is one of unconformity, although no wide
disparity in dip has been observed in the strata of the two formations.
" There is even an apparent gradation from the shale below to the
sandstone above in some places and it is difficult to place the exact
contact between the two formations. This difficulty is largely due
to the lack of continuous exposures near the contact.

The Vaqueros sandstone is subject to considerable variation from
place to place, as will be shown in the accompanying tabulated sec-
tions. The formation may in general be divided into three zones, one
of comparatively soft beds of sandstone and shaly sandstone at the
base, comprising about one-fourth of the total thickness; a second
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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 zone 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 shales above, which are described as Santa Margarita (%). Such. a
transition is not supposable if the correlations that have been made
are correct. The third zone is much thicker on Canoas Creek than
elsewhere and there makes up half of the formation. The Vaqueros
as a whole is thicker in the southeastern than in the northwestern
half of Reef Ridge. The thickest section observed was on Canoas
Creek, where the formation comprises a thickness of 900 feet. The
middle zone is marked by three principal horizons of hard, fossilifer-
ous sandstone and. conglomerate beds that stand out in strong relief.
The lowest of these ““reef beds’’ and the middle one are about 150 to
200 feet apart, and the middle and uppermost beds 100 feet apart
on the average. They vary in relative prominence from place to place,
and the exact horizon at which the induration is most pronounced
is variable.

The following section, together with figure 3, gives an idea of the
character of the Vaqueros formation as it occurs typically exposed
along Reef Ridge:

Section of Vaqueros sandstone in Canoas Canyon.
. " Feet.
Soft, fine sandstone with large oil seepages; ‘‘ button beds” at base containing
Scutella, etc. (locality 4772); overlain by siliceous shale of Santa Margarita (?). 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 beds at top and at base,
the “‘reef beds;” Pecten andersoni bed at base (locality 4771). ... _........._. 100
Sandstone with very prominent hard bed,,the Turritella ocoyana bed, at base
(0CalIEY 4770) . - et ettt ettt et et it eaem e aaaeaaaaeanaaaaaann 200
Fairly hard, thin-bedded sandstone underlam by shale of the Tejon formation.. 120
900

FOSSILS AND AGE.

© LIST OF FOSSILS.

Throughout the Coalinga district the Vaqueros sandstone is at
one horizon or another génerally fossiliferous and yields a fauna of
many species, sometimes in a fairly good state of preservatmn The
following species have been found by the writers in or immediately
adjacent to the Coalinga district:
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Vaqueros (lower Miocene) fossils from the Coalinga district, California.
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Name.

4624.

4625.
4627.

&

g
§ (%

ECHINODERMATA.

Scutella merriami F. M. Anderson................. R

" PELECYPODA.

Arca obispoana Conrad. . ... ...l

Arca osmonti Dall

Cardium vaquerosensis Arnold..................... R P,
Chione conradiana F. M, Anderson................. RPN PR PR P

Chione temblorensis F. M. Anderson.
Corbicula dumblei F. M. Anderson. ..

Dosinia mathewsonii Gabb. . .................... e

Dosinia ponderosa Gray.....
Macoma aff. secta Comad
Macoma piercei Arnold .
Metisaff. alta Conrad. .. ..
Mulinia densata Conrad

Mulinia densata Conrad var. minor Arnold ........ PN .
Mytilus mathewsoni Gabb var. expansus Arnold...|....|....[...|...

Ostrea titan Conrad
Pecten andersoni Arnold. ...
Pecten crassicardo Conrad. . .................oooa
Pecten estrellanus? Conrad .
Pecten miguelensis Arnold. .

Phacoides acutilineatus Conrad. . ... .. . 1111 o

Phacoides (Miltha) sanctecrucis Arnold
Saxidomus vaquerosensis Arnold .....
Septifer coalingensis Arnold... ..
Tivela inezana? Conrad. .. ....
Venus pertenuis Gabb......
Yoldia impressa Conrad.

Zirphsea dentata Gabb ... ... ...l .

GASTEROPODA.

Agasoma kernianum Cooper ....................... N P

. Apgasoma santacruzana Arnold.....................
Bathytoma piercei Arnold .........................
Cancellaria vetusta Gabb...... .
Cancellaria andersoni Arnold .....
Conus owenianus F. M. Anderson. e
Conus hayesi Arnold...............................
Crepidulasp.................... e
Ficus pyriformis Gabb
Neverita callosa Gabb.......
Ocinehra topangensis Arnold.......................
Trochita filosa Gabb............
Trochita sg‘ indet...................
Trophon ( Forreria) bartoni Arnold. .
Trophon éForrerla) gabbianum F. M. Anderson. .
Trophon (Forreria) gabbianum F. M. Anderson var.

cancellarioides Arnold. . ......................... .

Turritella ocoyana Conrad .

Xylotryasp.a........ .............

Balanussp............. laees i [ .-

CRUSTACEA.

Branchiolambrus altus Rathbun................... e

Xi XX X XXXXXX

I

.

| 4667.

4624. Twurritella bed, or lower one fgf ‘‘reef beds,” in Garza Creek gorge through Reef Ridge, southwest
16 E.

corner of the SE. lsec 3, T.238.,

4625. Sulphur Sprmg Canyon in ¢ reef beds;”” sec. 23, T. 22 8., R. 15 E.

4627. The ‘“reef bed”” just west of Big Tar Canyon, in north part of sec. 18, T. 23 S., R. 16 E.
4628. Oil sand series, in west fork of canyon west of well 3 miles southwest of Coahnga, sec. 12, T. 21

S.,R.14E.

4629. Anticline Canyon about 3 miles southwest of Coalinga, in roughly hedded gypsiferous sand over-

lying fossiliferous Chico; in center of sec. 2, T. 21 8.

,R.M4E.

4631, Turritella bed on east flank of hlgh hill northeast of Oil City, in the SE. } NE. % sec. 16, T. 19 8.,

R.1I5E.

4633. Tum{ell(g lﬁed just about 11 miles north-northeast of Coalinga, below the Big Blue, on ridge in sec.

10, T.19 S

4634. Hill south of well sec. 12, T. 21 8., R. 14 E., about 3 miles southwest of Coalinga.
4635. Bed just below the Big Blue 1% miles northesst of Ol City, near the SE. t SE. % sec. 16, T. 19 8.,

R.15E.

4637. Six miles northwels: of Coalinga, about 500 feet south of contact of Tejon and Miocene, in center of

NE.1sec.2,T.208

4655. About 3% miles due west of Coalinga, from prominent sandstone hed about 100 feet stratigraph mally
above contact of concretionary sandstone (Chico) beds with Vaqueros.

4667. The ¢ reef bed” on Reef Ridge, about 13 miles east of Jasper Canyon, one-half mile west of 2,700-foot
hill 54 miles south-southwest of Alcalde, 125 feet above Cretaceous; in ¢ast-central part of sec. 18, T. 22 S.,

R.IGE.
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Vagqueros (lower Miocene) fossils from the Coalinga district, California—Continued.

< | S = [ | | t~ S|
Name. RS RS RS AN B
SIE|EIE|E|S|E|E8|8|8 |8
ECHINODERMATA.,
Scutella merriami F. M. Anderson_................. ceeefeeea]eaa | X AX X e X XX

PELECYPODA.

Arca obispoanaConrad.........o..iiiiiiiiiaiaaaas e
Arcaosmonti Dall ._......... ...l
Cardium vaquerosensis Arnold.....................
Chione conradiana F. M. Anderson.................
Chione temblorensis F. M. Andetson...........
Corbicula dumblei F. M. Anderson.............
Dosinia mathewsonii Gabb................
Dosinia ponderosa Gray.................... ..
Macoma aff. sectaConrad..........................
Macoma piercei Arnold ....._... ... ... ... ... ...
Metis aff. alta Conrad........................o....
Mulinia densata Conrad............................
Mulinia densata Conrad var. minor Arnold .
Mytilus mathewsoni Gabb var. expansus Arnold. .j....[...
Ostrea titan Conrad. . .... ..

Pecten andersoni Arnold.
Pecten crassicardo Conrad...
Pecten estrellanus? Conrad ... ... ... L1111l
Pecten miguelensis Arnold...... ... .. ... ... e
Phacoides acutilineatus Conrad ... ................. RPN
Phacoides (Miltha) sanctecrucis Arnold
Saxidomus vaquerosensis Arnold
Septifer coalingensis Arnold..........

Tivela inezana? Conrad. ...........................
Venus pertenuis Gabb. ...
Yoldia impressa Conrad. .......o..oooiiiiiiiion. .. I
Zirphaea dentata Gabb .. ... ... ...l RS PR R %

GASTEROPODA.

AgasomakemlanumCooper .......................
Agasoma sanctacruzana Arnold. .
Bathytoma piercei Arnold.........
Cancellaria vetusta Gabb:........ ... RPN FRUUON R DN PR PR PN PRI PN PV P
Cancellaria andersoni Arnold................... ... FRPRN RN PRV PUUN PR PRI IR PR PR (RN
Conus owenianus F. M. Anderson........ et SUU DAY DAY PUUN DR DR PN DR PN P
Conus hayesi Arnold. ..............................
CrepidulaSp. . .ooooeeii i ..
Ficus pyriformis Gabb. et
Neverita callosa Gabb..
Ocinebra topanzensisAmold JRU% U SN S U DR (RN PR P
Trochita filosa Gabb......... ... ... ... ... JRRI SN POV PP PO PN P
Trochitasp.indet..................................
Trophon éForrena) bartoni Arnold.................
Trophon (Forreria) gabbianum ¥, M. Anderson ...\....|....[....|...l... ..l
Trophon (Forreria) gabhianum F. M. Anderson

var. cancellarioides Arnold................. ... ..
Turritella ocoyana Conrad......................... PRI G PP PR DR PR SR I
XYlotryaSp. @ ceeeneieii i

XXX X!

Balanus SP. . cnvv it X X[ X

CRUSTACEA.

Branchiolambrus altus Rathbun................ ... PPN PR PR P PN )(

4764. Stone Canyon coal mine, Monterey County, Cal., 40 feet stratigraphically above the coal.

47%{; %‘uggusella ocoyana bed in Canoas Canyon, 1% miles southwest of Hugo Kreyenhagen’s, NE. ¢ SE. }
sec .

4771, Pecten endersoni bed in Canoas Canyon, 200 feet stratigraphically above 4770.

4772. Scutella merriam: bed (*‘ button bed”’) in Canoas Canyon, 600 feet stratigraphically above 4770.

4773. About 83 miles north of Coalinga, on Laval grade; “ oyster bed’” of variable sand, just above oil sand
at hase of Vaqueros.

4774. About 8% miles north of Coalinga, on hill just east of Laval grade; * button bed’ about 100 feet
stratlgraphlcally above 4773; NW. 3sec. 21, T. 19 8., R. 15 E,

Garza Creek gorge in Reef Rid ge, hard sandstone ““button bed’’ 225 feet strati graphically above 4624;

southeast corner of sec. 3, T. 23 8., R. 16 E.

47717. Jasper Canyon through Reef Ridge, 1} miles southwest of fork of Jacalitos Creek, in hard sandstone
and conglomerate * reef beds.’

4803. About 8% miles north of Coalinga, “ button bed”” 200+ feet above Eocene unconformity on "Laval
grade; SW. 3 sec. 21, T.19 8., R. 156 . (Practically the same as 4774.)

4859. Wagon Wheel Mountam, Devils Den district, Kern County, Cal., dark gypsum bearing shale 50
feet stratigraphically below ‘‘ reef bed ” or “ button bed;” NW. % sec. 36, T, 25 S.,R.I8E.

4860. Same locality as 4859; in hard sandstone ‘“ reef bed’ or ““button bed.”

4861. Devils Den district, Kern County, Ca.l < reef beds” one-fourth mile south and southeast of Bar-
ton’s cabin, which is in the N'W. 1sec. 23, T .95 S, R. 1
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OTHER SPECIES COLLECTED.

To the list of fossils given above should be added the following
species, among others, collected by F. M. Anderson ¢ from the
Vaqueros in the Coalinga district: Agasoma gravida Gabb, Crepidula
preerupte Conrad.

FAUNAL ZONES.

Three distinct fossiliferous zones are recognizable in the Vaqueros
section north of Coalinga. The lower one is but a short distance
above the base of the formation and is represented solely by Ostrea
titan, Conrad (loc. 4773). The middle zone, that of the ‘“reef beds,”
is about 225 feet above the base and is characterized by Pecten
andersoni Arnold, Arca osmonti Dall, and Scutella merriami Anderson
(loc. 4774 and 4803). The upper zone, which lies at the top of the
Vaqueros and just below the Big Blue sandy shale, is characterized
by a unique fauna, in which occur such forms as Agasoma santacru-
zana Arnold, Cancellaria vetusta Gabb, Turritella ocoyana Conrad, and
several other species. The fauna at locality 4631 is characteristic
of the last zone.
: . FAUNAL RELATIONS AND AGE.

In the Coalinga district the correlation of the sandstone formation,
of which the “reef beds’ are a part, with the Vaqueros formation
of the outer Coast Ranges is based upon the large number of species
common to the two. At one point in particular on the northeastern
flank of the Temblor Range, near Antelope Valley, in sec. 36, T.26S.,
R. 17 E., a few miles south of the south line of the region under dis-
cussion, the ‘“‘reef beds” contain a typical Vaqueros fauna with
such forms as Pecten magnolia Conrad, Twrritelle inezana Conrad,
Pecten bowerst Arnold, and many other typical Vaqueros species.
The region from which this fauna comes is believed by the writers to
mark an old lower Miocene strait joining the San Joaquin lower
Miocene sea with the lower Miocene sea which once covered much of
the territory now occupied by the outer Coast Ranges.

The lower Miocene (Vaqueros) formation in the Kreyenhagen
field was described under the name ‘‘ Temblor beds’’ (lower Miocene)
by F. M. Anderson, ® from its characteristic occurrence farther south
along the border of the Great Valley near the Temblor ranch. Owing
to the possibility of correlating® it with the lower Miocene in the
Coast Ranges to the west the name Vaqueros, previously adopted in
the literature for the beds of that age, is here used.

The assignment of a lower Miocene age to the Vaqueros sandstone
is based upon the general similarity of certain members of its fauna

a Proc. California Acad. Sm 3d ser., Geology, vol. 2, No. 2, 1905, pp. 171-172.
bIdem, p. 170.
¢ In a later paper (Proc. California Acad. Sci., 4th ser., vol. 3, 1908, p.39) F. M. Anderson recognizes the

- correlation of his *“Temblor beds”’ of the San Joaquin Valley with the Vaqueros of the outer Coast Ranges.
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to species in the lower Miocene of the Atlantic States and upon its
relative position in the geologic column of the Pacific coast. This cor-
relation, first made by Conrad, has, so far as the writers are aware,
never been questioned. ’

IMPORTANCE WITH RELATION TO PETROLEUM.

The Vaqueros beds constitute the principal reservoir for the
petroleum in the Coalinga district. The oil enters the formation
from the shales of the Tejon formation below 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 higher than the Vaqueros, the formation being there overlain
by the impervious shales of the Santa Margarita (?) formation. The
relation of the formation to the occurrence of the petroleum is dis-
cussed more fully in the description of the developed territory.

SANTA MARGARITA (?2) FORMATION (UPPER MIDDLE MIOCENE).

GENERAL DESCRIPTION.

A zone of beds full of fossil oysters and barnacles of very large size
runs through the midst of the developed oil territory north of
Coalinga, and is well known by those familiar with the field. (See
P1. XII, B.) Its fossils show it to belong in the same portion of the
geologic column as the formation in the drainage basin of Salinas
River, farther toward the coast, that has been named the Santa
Margarita by H. W. Fairbanks.® 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
tossil 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
closely associated with them and because affording no sufficient
basis for correlation with any other formation.

The basal portion of the formation so mapped is the zone known
to the drillers as the Big Blue, the probable unconformable relation of .
which to the underlying Vaqueros (lower Miocene) has been pointed
out (p.82). The possible Monterey (middle Miocene) age.of the Big
Blue has also been mentioned (p. 76). This zone in some portions of
its extent presents a very striking lithologic contrast to the Tamio-
soma zone, which fact, coupled with the fact that it is overlapped by

a San Luis folio (No. 101), Geol. Atlas U. S., U. S. Geol. Survey, 1904,
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the Tamiosoma zone on the west side of Pleasant Valley, indicates
that it is a distinct unit. Mapping it alone, however, would have led
to too great complexity. If it did originate in Monterey time it can
at most represent but a brief fraction of that period.

In the Kreyenhagen field the portion of the series between the
Vaqueros (lower Miocene) and Jacalitos (upper Miocene), correspond-
ing to the portion occupied by the Santa Margarita (?) farther north,
is made up of nonfossiliferous, hard, largely white siliceous shales,
and 1t can not be stated deﬁmtely whethm or not thcy are a continua-
tion of the beds to the north. This shale is similar in lithologic char-
acter, mode of occurrence, and stratigraphic position to shalc on the
southwest side of Waltham Valley toward the head of Jacalitos
Creek, a few miles west of the area of the map, and is believed to be a
continuation of it. In that region the shale zone is underlain by
sandstone beds containing fossils typical of the Santa Margarita, as
listed under fossil localities 4805, 4841, and 4842. A similar shale
zone is present in a similar stratigraphic position over the typical
fossiliferous sandstone beds of the Santa Margarita on the opposite
side of the Diablo Range on the slope draining to Salinas River. The
siliceous shale of Reef Ridge and McLure Valley is therefore tenta-
tively correlated with the Santa Mhrgarita. Inasmuch as the fos-
siliferous Santa Margarita (?) beds in the northern part of the district
and those underlying the shale zone in Waltham Valley may belong
to the same horizon in the formation, it is possible that the shale on
Reef Ridge is of later age than the Tamiosomna zone in the northern
part of the district. The period of geologic time hetween the Va-
queros (lower Miocene) and Jacalitos (upper Miocene) is thought to
be represented only in its later part by the Tamiosoma zone and
associated beds of the Coalinga field and the siliceous shale along
Reef Ridge and McLure Valley, the Monterey formation (early mid-
dle Miocene) of the region nearer the coast being wholly or at least
in large part lacking.

DISTRIBUTION AND LOCAL CHARACTER.

SANTA MARGARITA (?) IN THE COALINGA FIELD.

The basal part of the formation mapped as the Santa Margarita (%)
formation is the zone known to the drillers as the Big Blue. This
consists in the central part of the Eastside field of about 300 feet of
light-gray fine sand and clay that appear to have a light-bluish tinge,
especially when moistened. Farther north other materials enter
into this portion of the series, causing it to be one of the most varied
zones in the region. No fossils have been discovered in it, and its
peculiar features show that it was formed under unusual conditions,
- (See geologic history, p. 175.) It is recognized in the oil wells as a
zone of sticky and frequently tough sand and clay immediately over-
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- lying the oil sands. Toward the northern edge of the area mapped
it becomes coarser and is largely made up of fine-grained, coarse-
grained, and bowlder beds composed of serpentine fragments, having
evidently been derived from an area of serpentine that was in close
proximity. Some of these serpentinous beds are extremely hard
and they form prominent buttes colored by the decaying serpentine
in a variety of shades of light blue, green, brown, and dark red. A
typical row of these buttes is shown in Plate X. This zone of beds
continues far northwest of the mapped area as a prominent feature
of the hills. ‘ '

The Big Blue is overlain by the Tamiosoma zone, which comprises
a thickness of ‘about 175 feet of fossiliferous, fine, medium-grained,
and coarse, usually gray sand and minor amounts of conglomerate.
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. These upper beds are without fossils as far as exam-
ined and have little to characterize them. The succession of upper
beds of the Santa Margarita (%) formation and the lower Jacalitos
beds is shown in Plate XVII.

Toward the southwest the Sdnta Margarita (%) formation disap-
pears east of Oil Canyon, being overlapped by the Jacalitos. It is
not known just where the overlap is, because the beds are poorly
exposed and have no distinguishing characters there. Beds of the
Tamiosoma zone underlie Pleasant Valley toward its head, as shown
by fossils obtained at depth in wells near the course of Los Gatos
Creek. On the west side of Pleasant Valley a remnant of the Tamio-
soma zone appears, resting directly and with pronounced angular
unconformity upon the Tejon (Eocene) at the San Joaquin Valley coal
mine. The traceable area of it is not large enough to allow its separa-
tion from the later beds on the map. This is the southernmost point
at which the fossils of this zone have been found within the district,
and south of it the Tamiosoma zone is either absent or hidden by the
overlapping beds of later age, which are mapped with the Jacalitos for-
mation. 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, though this is doubtful.

SANTA MARGARITA (?) IN THE KREYENHAGEN FIELD,

The Vaqueros sandstone all along Reef Ridge and the Cretaceous
in the Pyramid Hills and around McLure Valley is overlain by a
formation of white, purplish, and brownish siliceous and argillaceous
shale, having a thickness varying between 50 and 1,200 feet. The
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CHARACTERISTIC BLUFFS, WITH STRIKE FACE AND DIP SLOPE, FORMED BY VARICOLORED MIOCENE SANDSTONE, SHALE, AND CONGLOMERATE.

Looking northeast at outcrops of Big Blue, 11 miles northeast of Coalinga. Note local fault on the left. Photograph by Ralph Arnold.
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thin, sharp beds of shale dip away from Reef Ridge on its northeast
flank, and their upturned edges are exposed in a narrow belt which
follows the face of the ridge. This belt is likewise a topographic fea-
ture, owing to the resistance of the beds, which produce a line of
shoulders or knobs on the small lateral ridges descending toward the
foothills. The zone occupied by these shales'is well shown in the
foreground on the right and all along in front of Reef Ridge to the
left in Plate VIII. Southeast of Little Tar Canyon the ridge of the
Pyramid Hills, which is entirely composed of the shale, is a still more
marked expression of this topographic influence, which is likewise
characteristic of the formation elsewhere, as, for instance, along the
Tent Hills west of McLure Valley, as shown in Plate XI, 4; in the
- peculiar curving line of knolls that circles around the base of the
mountain mass at the head of McLure Valley on the northwest; and

~also in the region of Antelope Valley, south of the area of the map,
and in the Waltham Valley, west of it.  The features described make
this shale formation easily recognizable as a lithologic unit with
" strong individuality, and in the Coalinga district distinguish its main
portion markedly from the. Vaqueros (lower Miocene) sandstone be-
low and the soft sandstone beds of the Jacalitos (upper Miocene)
above. This shale formation is tentatively correlated with the
Santa Margarita. It may be a deep-water equivalent of the coarser
sediments in the Coalinga field, which at the north end of the area
mapped are of a strikingly littoral nature, or it may be of different age.
Lithologically this formation has strong affinities with the well-
known Monterey (middle Miocene) shale, which is widely distributed
in the Coast Ranges farther west, and its stratigraphic position
above lower Miocene and below upper Miocene in this district cor-
responds to that of the Monterey shale elsewhere. But no proof is
known of the contemporaneity of the two formations, whereas the
fossil evidence already discussed indicates a lesser age. The shale
is likewise very similar to the shale in the upper portion of the Tejon
north of Coalinga. This mutual similarity has led previous observers
to class the two together and to correlate both with the Monterey.
Along the greater portion of Reef Ridge no unconformity at the
base of the shale is apparent, all the formations being similar in dip.
But an unconformity is indicated by the fact that the shale over-
laps upon the Vaqueros and Tejon at the southeast end of the ridge
and that in the region of McLure Valley it lies directly upon the Creta-
ceous beds, the Vaqueros and Tejon having either never been deposited
or else been worn away. As regards the relation of the shale to the
overlying formation (the Jacalitos, upper Miocene), it may be said that
no definite line of separation has been found and that in appearance
a conformable gradation exists along Reef Ridge, although the pinch-
ing out of the white shale and finally the overlap of the Jacalitos
beds directly upon the Vaqueros farther to the north indicate that
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an unconformity exists. The shale is lithologically distinct from the
greater part of the Jacalitos formation, but there is a nonfossiliferous
transitional zone of alternating sandstone and shale beds having a
thickness of several hundred feet which may belong to either forma-
tion. This has been tentatlvely included with the Jacalitos in the
mappmg, the beds to which the name Santa Margarita (%) formation

is applied being restricted for the ‘present to the underlying shale.
- Near the southeast end of Reef Ridge and along the ridge of the
Pyramid Hills northeast of Dudley the shale formation has a thick-
ness of 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
arglllaceous brownish shale. The lower portion is the more con-
spicuous, 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
section is typical of the formation along the face of Reef Ridge at its
southeast end, the different zones noted not being sharply separated
from each other:

Section of Santa Margarita (?) formation 8% 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
siliceous shale with occasional hard, more siliceous layers............. 400
Hard, siliceous, porcelaneous, thinly bedded, lavender-colored but Whlte-
weathering shale, with angular and conchoidal fracture into elongated,
sharp-edged pieces, and with prominent iron stain throughout along joints,
interbedded with occasional soft lJaminge... .. ... ... ... ... ... .. ... ..... 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 varies from
place to place, they do not form continuous belts distinct from each
other. Together they make up the lower portion of the formation
according to the division above referred to. The siliceous shale of
the lower portion varies in amount of induration from a dull opaque
rock that may be scratched with the finger nail to a subvitreous flinty
variety that will not be scratched by a knife. It resembles very
strongly the altered varieties of the Monterey shale (middle Miocene),
that occurs nearer the Pacific coast, and of the shale of the Tejon
formation and ‘‘indicator’’ bed of the Vaqueros of this district.
Like 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
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A. AVENAL RIDGE AND TENT HILLS, SEEN FROM NORTHEAST ACROSS McLURE VALLEY.

Showing steeply dipping Cretaceous strata on Avenal Ridge, the conical hills of white Miocene shale extending
into the distance, and the terraced surface of the Jacalitos formation flanking the hills. Photograph by
Ralph Arnold.

B. SILICEOUS SHALE OF SANTA MARGARITA (7) FORMATION (MIDDLE MIOCENE) AT HEAD
OF McLURE VALLEY.

Looking southeast along contact with underlying, less prominent Cretaceous shale on left. Note surficial
overturn and typical vegetation of Miocene shale zone. Photograph by Ralph Arnold.
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material. The more siliceous shale seems to be almost entirely made
up of the crushed diatom tests. A sample of shale from the mid-
dle zone in the locality of the above section contained 86 per cent of
silica according to an analysis made by R. C. Wells, of the United
States Geological Survey. The shale contains also fish scales and
other particles of organic origin, but almost no molluscan remains.
The laming are locally yellowish and calcareous 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 géneral 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. There the white
shale forms a thin zone between the underlying and overlying sand-
stone 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 purplish, brownish, and white siliceous
shale, similar to that forming the prominent outcrops of this forma-
tion elsewhere. The upper is of purplish and brownish, largely clay
shale. This grades at the top into alternating beds of brown sand-
stone and dark clay shale, which make up a thickness of several hun-
dred feet and which may or may not be a part of the same formation.
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 these is of fine-grained purplish shale of medium hardness
that is fractured into fine, needle-like, angular fragments; the middle
one is hard, siliceous white shale; and the upper is soft brownish shale.

The same siliceous shale is found south of the Coalinga district,
extending along the border of the Great Valley of California. The
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thickening of the shale terrane continues from the northwest end of
Reef Ridge toward the south until at the Temblor ranch in western
Kern County the strata of shale attain the remarkable thickness of
5,400 feet. It is probable that a part of the formation there 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 Monterey shale
(middle Miocene). The thickening of the shale southward probably
takes place at its base, the beds in the Coalinga district represent-
ing an unconformable overlapping of the upper portion upon the
Vaqueros. '
FOSSILS AND AGE.

LIST OF FOSSILS.

The Santa Margarita (?) formation, from a point 8 miles north
of Coalinga northwestward for a distance of at least 6 or 8 miles, is
exceedingly fossiliferous, the principal species being the big oyster
Ostrea titan Conrad, the big barnacle-like Tamiosoma gregaria Con-
rad, and the scallop shell Pecten estrellanus Conrad. The names
Tamiosoma zone and ‘‘big oyster beds” have been locally applied
to these fossiliferous strata. The species found in this bed by James
H. Pierce and the writers are among the following, which comprise the
faunafor this formation in the district:

Santa Margarita (wpper middle Miocene) fossils from the Coalinga district.

Name. 4632. | 4651. | 4766. | 4805. | 4841. | 4842. | 4848.
ECHINODERMATA.
Astrodapsis whitneyi Rémond.............. ..o D S U PN N PR

PELECYPODA.

Chjone conradiana F. M. Anderson.... . ) X

Cryptomya ovalis? Conrad .......................
Dosinia ponderosa Gray..........................
Hinnites giganteus Gray ............
Macoma nasuta Conrad...................o......
Ostrea titan Conrad.......
Pecten crassicardo Conrad .
Pecten estrellanus Conrad .
Solen sicarius Gould....
Zirphaa dentata Gabb....................iL

GASTEROPODA.

Trophon (Forréria) carisaensis F. M. Anderson..............|[.....f ... D G P P G
CIRRIPEDIA. '

Tamiosomna gregaria Conrad........................ .. . .. X X S PO PO X feennnn

4632. At and northwest of San Joaqum Vallev coal mine near Miocene-Eocene contact.

4651. Tamiosoma zone or ‘‘hig oyster bed’” in canyon between old Standard Oil Company and California
0il Fields Limited camps, sec. 28, T. 19 S.. R. 15 E.; 8 miles north-northeast of Coalinga.

4766. Tamiosoma zone or "blg oyster bed” above Big Blue, NE. } sec. 21, T.19 8., R. 15 E., west of
Peerless Oil property, 9 miles north of Coalinga.

4805. Waltham Valley, 13 miles southwest of Coalinga; oyster hed 2 miles west of Elmer Frame’s house,
sandstone under shale.
V4ﬁ41 Sandstone next to serpentine, at head of Bray and Secords Canyon, 3 miles south’ of Waltham

alle,

4842 Sandstone at mouth of Bray and Secords Canyon, south side of Waltham Valley. This sandstone
underlies the shale in this vicinity.

4848. Nine miles north-northeast of Coalinga, just above Tamiosoma zone or “big oyster bed,” one-fourth
mile northwest of Peerless wells,
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A. ARROYO CUTTING PLEISTOCENE SAND AND CLAY THAT COVER SAN JOAQUIN VALLEY.

On plain east of Kettleman Hills, 2 miles southwest of Tulare Lake. Photograph by Ralph Arnold.

B. FOSSIL PECTEN ESTRELLANUS BED IN SANTA MARGARITA (?) FORMATION, 10 MILES
NORTH OF COALINGA.

Part of Tamiosoma zone characteristic of the middle Santa Margarita (?) in the oil field. Note large Ostrea
titan at the left. Photograph by Ralph Arnold.
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FAUNAL -RELATIONS AND AGE.

The fauna of the Santa Margarita (?), though small, is one of the
most characteristic that is found in the southern Coast Ranges. The
association and abundance of certain unique species such as Tamio-
soma gregaria Conrad, Trophon carisaensis F. M. Anderson, and Pec-
ten estrellanus Conrad at once indicate its correlation with the Santa
Margarita formation of the Salinas Valley and Carrizo Plain regions.
The correlation of the siliceous shale in Reef Ridge with the Santa
Margarita is based upon the similar stratigraphic position of these
shales to beds on the western side of Waltham Valley, near the
mouths of Bray and Secords Canyon, which overlie sandstones at
locality 4842, containing the following Santa Margarita fauna:

Mytilus aff. mathewsonii Gabb. '
Qstrea titan Conrad.

Pecten crassicardo Conrad.
Pecten estrellanus Conrad.

Tamiosoma gregaria Conrad.
Trophon carisaensis F. M. Anderson.

For a number of years the Santa Margarita formation was believed
to be the equivalent of the San Pablo formation of the Mount Diablo
region, but the stratigraphic work in the Coalinga district seems to
show it to be older. At least it is quite evident that the Etchegoin
formation represents at least a considerable part of the San Pablo,
and as the Etchegoin lies well above the supposed Santa Margarita it
seems likely that the latter is, at least in part, of greater age than the
San Pablo.

With the Etchegoin and Jacalitos formations correlated as upper
Miocene, it seems most logical to place the Santa Margarita in the
upper part of the middle Miocene, thus confining the Monterey to -
the lower part of the middle Miocene. Such an arrangement would .
assign the far-reaching post-Monterey diastrophic period to the
middle of the Miocene. This classification and correlation is of -
course more or less arbitrary and necessarily tentative, but it seems
to best fit the information now in hand.

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 petro-
leum. In the Eastside field its base is taken as extending down
through the Big Blue. This zone caps the Vaqueros formation, or
productive zone, and although small amounts of oil and tar are
found above its base there is none in commercial quantities. The
Santa Margarita (?) is of chief importance there as forming an im-
pervious capping which has held the oil in. In the Westside field
the formations are thinner, and sand beds of the Santa Margarita (?)
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become part of the productive zone. In the Kreyenhagen:field the
Santa Margarita (?) formation acts, like the Big Blue, as an imper-
vious capping that keeps the oil confined within the Vaqueros sand-
stone. The similarity of the shale so mapped to the organic shales
. that elsewhere have been considered the source of oil suggests the
possibility that this formation has given rise to some petroleum, but
no evidence has 'been found to bear out such a supposition.

JACALITOS FORMATION (EARLY UPPER MIOCENE)

DEFINITION AND GENERAL DESCRIPTION. .

The formation overlying the shale mapped on Reef Ridge as Santa
Margarita (%) consists of alternating beds and zones of both soft
and indurated sand, gravel, and clay of many varieties which
extend up to the base of the beds mapped as Etchegoin and which
form a belt along the southwest side of the Jacalitos and Kreyen-
hagen Hills. This formation has a thickness that may be conserva-
tively stated as being 3,500 feet. In places it is very fossiliferous,
and on both sides of Jacalitos Creek especially there are characteristic
exposures containing abundant well-preserved fossils. It forms a
unit in the Tertiary series of the Coalinga district, and in order that
it may be conveniently so treated it will be referred to in this paper
as the Jacalitos formation, owing to the occurrence in it of typical
faunas along the creek of that name. The fossils indicate that it
originated in upper Miocene time and that it is chiefly marine. In
part, however, it is probably of fluviatile or lacustrine origin. It is
represented in the northern portion of the district by similar beds
aggregating a much smaller thickness. Its fauna gives it individu-
ality, and in portions at least of the Coalinga district it is separated
from the beds above and below by unconformities. It is probably
in part the equivalent of one or more of the upper Miocene formations
known in other portions of the State, but until its definite relations
to them have been worked out it is necessary to designate it by a

local name.
MEANS OF RECOGNITION.

The most important features of the Jacalitos formation by which
it may be recognized are its position in the series of Tertiary strata,
as outlined on the geologic map and in the text, and the various
fossils and fossiliferous zones that it contains. These are listed and
discussed below. Owing to its lack of strong lithologic or topo-
graphic individuality, the fossils afford the only means which may
be relied upon for separating it from the other sandy formations.
The fossiliferous beds are frequently much indurated, and they occur
at intervals on the surface as hard zones that project like saw teeth
and by their resistance protect the beds immediately above and
below them. Long parallel ridges are thus produced. The same
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featuro, however, is characteristic of other formations in this region.
The occurrence in all parts of the formation of a great number of
sand and pebble beds full of sand dollars is typical of it in the southern
portion of the district, though this likewise is a characteristic of the
formation above. The usual character of the hills composed of beds
of this formation is illustrated in Plates II, B, III, and XVII. In
a rough way the formation may be distinguished as that portion of
the series between the white shale of Reef Ridge below and the
_ major beds of blue sand which throughout the district lie at the base

of the formation (the Etchegoin) above it. This upper limit is
indefinite, however, owing to the fact that through much of the dis-
trict the Jacalitos includes a great thickness of blue sand beds in its
upper portion.

The blue sand and pebble beds are a striking feature of the Jacalitos
and Etchegoin formations in this district. The blue color is due to
a thin coating over the individual grains. An analysis of this coating
made by R. C. Wells, of the United States Geological Survey, indi-
cates that it is probably vivianite. Its appearance suggests that it
might be of similar origin to the blue color frequently noticeable in
tuffaceous sands, notably in andesite tuffs of Nevada, and that it
might be a product of the decomposmon of the minerals of a tuff,
but it is believed that the color is of entirely different origin in these
two types of deposits.

From its locality of typical occurrence in the Kreyenhagen and
Jacalitos hills the Jacalitos formation extends southwestward into
McLure Valley, where it has a similar position above the shale of the
Santa Margarita (?) formation. Toward the northwest it reaches
into the interior of the Diablo Range in the depression formed by
the Waltham syncline and toward the north it extends across Alcalde
Canyon and into the region around Pleasant Valley. North of
Jacalitos Creek it no longer rests upon the shale of the Santa Mar-
garita (?) formation, those beds being lacking, and north of Alcalde
Canyon 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 complex and can be decided only
on the basis of detailed paleontologic evidence, aided by study of the
structure. Lithology fails almost entirely to be of service. The
formation will be discussed separately for the areas lylng to the
south and to the north of Alcalde.

STRATIGRAPHIC RELATIONS.

The Jacalitos formation in the Kreyenhagen ﬁeld 1s unconformable

with the shale mapped as the Santa Margarita ( ) formatlon as may be

seen at the northwest end of Reef Ridge, where that shale becomes
88170—Bull. 398—10——7
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lost. Along the greater portion of Reef Ridge, however, a definite
appearance of unconformity has not been found, and the line between
the two formations is therefore drawn a.rbitrarily for the present
where the beds that are predominantly shale give place above to
sandy beds. Toward the head of Zapato Creek and thence west-
ward is a succession of several hundred feet of alternating beds of
brown sandstone and dark shale above the siliceous shale of the
Santa Margarita (?) formation. These beds are mapped with the
Jacalitos, tentatively, it being uncertain to which formation they
properly belong.

In the northern part of the district the Santa Margarita (%) beds
appear conformable with the beds above, but the overlap of the
Jacalitos over the Santa Margarita (?) near Oil Canyon proves
clearly that the relation is an .unconformable one. Owing to the
lack of persistence in the lithologic peculiarities or outcrops of the
beds and the scarcity of distinguishing characters, such as fossils for
different beds in the series between the Tamiosoma zone and the
Etchegoin formation, it would be a matter of great difficulty to
determine at what horizon the unconformity exists. The base of
the Jacalitos formation in this part of the district is thought to be
~ represented, however, by a prominent zone of gravel and conglom-
erate which contains an abundance of fossilized wood and which is
fairly constant along the line mapped as the base north of Pleasant
Valley. This zone has yielded a tooth of Pliohippus, an extinct
horse. The writers are of the opinion that the zone represents a
period of land in this area during which river or possibly lake gravels
were deposited.

The relation of the Jacalitosto the overlying formation, the Etche-

goin, 18 similar, in that the Etchegoin has the same dip and -an
appearance of conformity with it in most places, but overlaps upon
it elsewhere. The line between these two formations is drawn at the
base of the beds which overlapped the Jacalitos and were deposited
upon the Cretaceous in the White Creek basin.

DISTRIBUTION AND LOCAL CHARACTER.

JACALITOS IN THE KREYENHAGEN HILLS.

From Jacalitos Creek southward the Jacalitos formation affords
more complete exposures than elsewhere. The type locality for its
fossils is along this creek, near which representative faunas have
been collected from different horizons, as shown in the list of fossil
localities (pp. 109-111). But the undisturbed monocline that con-
tinues the same beds immediately to the southeast in the Kreyen-
hagen Hills furnishes somewhat better sections of the formation ‘as
a whole, which-has suffered considerable disturbance along Jacalitos
Creek and in the hills to the north. Moreover, in the latter region
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the base of the formation does not appear within the area shown on
the map and has not been definitely traced.

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 varies 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 varied, 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
frequently hidden in others. It is especially difficult to determine
the relative quantitative importance of clay or somewhat compacted
shale, for the reasons that the firmer sand beds are better exposed
and therefore appear to dominate and that 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 the creek of that
name, from the summit of the formation (at the north base of the
1,220-foot hill in the eastern part of sec. 31, T. 21 S., R. 15 E.) to its
contact with the prominent Vaqueros beds 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 E.).

Section of the Jacalitos formation on Jacalitos Creek.
' Feet.
Bluish to brownish-gray clay and clayey sand, alternating with light-gray and
olive-gray pebbly sand, with occasional hard fossil layers, and with Pecten
estrellanus zone at base (fossil locality 4647); overlain by blue sand at the
base of the Etchegoin. ... .. . L .. 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 are numerous throughout, usu-
ally in the pebbly layers. (See fossil locality 4784.) At the base (at the
forks of Jacalitos and Jasper creeks) is a bed of dark-brown sandstone con-
taining a rich fauna; top of the big Trophon zone (fossil locality 4765). .. .. 1,300
Alternating heavy beds of coarse gray and brown sandstone and thin beds of
fine sandstone and sand of the same colors, with some beds of gritty olive-
gray sandstone and hard fossil layers, Two hundred feet above base is a
bed with large Astrodapsis (fossil locality 4654), near the base of the big

e Y o o) o U 500
Alternating beds of grayish and brownish sand and sandstone with some sandy

clay and fossil layers in the sandstone. .. ......ooooooiii il 750
Alternating beds of soft gray and brown shale and sandstone, much tilted
* and fractured and in partoverturned.... .. ... ... . .. .. Lol 500
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CALIFORNIA.

The basal portion of this
section rests upon tle
steeplytilted Vaquerosbeds
that are the continuation
of the prominent strata on
the face of Reef Ridge.
Shale similar to the typical
shalemapped asSanta Mar-
garita(?)is entirelylacking,
but it is possible that the
much disturbed basal zone
of this section is uncon-
formable with the Jacalitos
and belongs with the Santa
Margarita (%) formation. 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, at the
base of the next section to
be described.

The middle portion of the
Jacalitos formation, in this
locality especially, contains
large unconsolidated accu-
mulations of fine pebbles,
sometimes in thick beds by
themselves and sometimes
interbedded in thin layers
in the sand beds or scat-
tered throughout the sand.
These coarse beds are fre-
quently fossiliferous, and
sand dollars are especially
abundant in them.

The uppermost beds of
the above section underlie
the lowest one of a number
of prominent bluesand beds
that are a characteristic
feature of the landscape in
this district along the belt
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of Etchegoin beds. The line of contact between the Jacalitos and
Etchegoin formations in the region of the above section is drawn
on the basis of this lithologic break and of the characteristic fauna
that occurs in a bed just above, at fossil locality 4761. The beds
above and below the contact dip with apparent conformity at an
angle of about 25°. ' '

The section in figure 4¢ affords & summary description of the Jaca-
litos formation on Zapato Creek. The alternating sandstone and
shale beds at the base of this section, as stated before, may belong
more properly with the shale of the Santa Margarita (?) formation
and represent a change that gradually takes place toward the north-
west in the character of the sediments in the upper portion of that
formation. Zone 2 in the section (fig. 4) is well exposed for several

a The letters in figure 4 indicate the following beds:
Tulare.
a. Hill-forming incoherent sand and gravel at base of Tulare.

Etchegoin.

3

<o

. Gray sand, sandstone, and clay, with Mye bed at top and Ostrea bed at base (near localities 4722

and 4744); upper Mya zone . 100
¢. Largely clay and finesand.............. 150
d. Largely gray sand containing sand dollars and with Arca hed near basz ... e 100
e. Gray sand and pebbly gravel with locally harder beds of sandstone, forming a rict

(locality 4705); Pecten couling@ensis ZONE . . ... vvuueeuie e 100
A Olive-%ray fine sand and pcbblg sand with thin sandstone layers, interbedded with 300
¢. Bed of light-blue sand, the highest of the blue-sand zone........................... 10
h. Massive beds of gray sand and sandy clay with occasional thick beds of blue sand 290
i. Prominent zone of pebbly sand with hard layers, Arca abundant.................... . 30
Jj. Massive gray, smooth-weathering sand like coarse beach sand, containing many inconstant lam-

in:e of hard brownish-gray sandstone alternating with inconspicuous beds of clay, and with some

blue sand . ... e s 800
k. Prominent bed of massive, olive-gray, compact, irregularly bedded sand........ cen p
1. Minor graysandand clay beds......... ... e 350

m. Prominent bed of cavernous-weathering bluesand........... ...l . 50
n. Alternating thick beds of gray sand and bluish clay, with thin layers of brown sandy clay and with
two prominent beds of blue sand in middle. This is about the equivalent of the upper Mulinia

0] U . 200
o. Prominent blue-sand bed . .25
P. Olive and light-gray sand and San@y Clay . .. .ottt ittt it iaaeeneean 425

¢. Prominent group of blue-sand beds; three blue-sand beds close together forming a hill and asso-
ciated with massive dark olive-gray sand, pebbly sand, and sandy clay with irregular bedding. 150
r. Prominent bed of blue sand at base, with prominent massive beds of olive-gray medium-grained
and pebbly sand and minor beds of clay and blue sand above; this is the base of the blue-sand
zone and approximately that of the Etchegoin........ ... i 375

Jacalitos. =

8. Soft, compact, massive, medium and fine-grained olive-gray and brownish sandstone, with some
thin beds of clay shale and sandy shale, and with occasional pebbly beds. Overlain conform-

ably by blue sandstone at the base of the Etchegoin.......... ... ... oo 800

t. Calcareous sandstone with fossils, probably zone of Pecten estrellanus. ........... e 10

4. Sandstone similar to that of s, with some hard layers of dark-brown sandstone. . ... 1700

v. Fine-grained, gritty, white, ashlikeshale.. ... ... .. .. . . . il P, 15
w. Sandstone similar to that of s, with occasional thick beds of cross-bedded pebbly sandstone and

beds of sandy shale with flaky texture; at the top a hard bed containing Pecten............... 250

z. Similar sandstone and shale with concretions in sandstone nearthetop.......................... 650
y. Sandstone bed with Pecten, Panopea, sand dollars, barnacles, ete., the approximate equivalent

of the big Trophon bed on Jacalitos and Canoas ereeks .........ooiuiioiiiiiieaieneeanennns 10
2. Soft, fine and medium grained, massive grayish and buff sandstone and sandy shale with occa-
sional hard layers and pebbly beds; some coarse sandstone beds in upper part full of large frag-

ments of petrified wooc{) .................................................. O e 740

za. Hard sandstone layers with poorly preservead fossils 50
2b. Alternating beds of fairly hard brown sandstone and dark clay shale, onty doubtfully referable
to the Jacalitos. It is'underlain, to all appearance conformably, by the siliceous shale of the

Santa Margarita (?) and may belong to that formation..............ocooiiiiiiiiiii 600

3,825

Total Etchegoin and Jacalitos.................... e N 7,300
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miles along the south side of the longitudinal valley of Zapato Creek,
along that portion shown on the left in Plate VIII, the contact between
this zone and the overlying soft sand zone being marked by the
valley. Further work may show that the contact followed by this
valley is an unconformable one. The abundant petrified wood in
the beds above suggests their equivalence to the beds taken as the
base of the Jacalitos north of Pleasant Valley and an origin other
than marine. The big Trophon zone (y in fig. 4) above the fossil-wood
beds forms a capping for a longitudinal ridge that extends in front
of Reef Ridge on the north side of the valley. To the west of Zapato
Canyon, where this longitudinal ridge coalesces with Reef Ridge,
beds of the big Trophon zone continue to form prominent shoulders
on the various lateral ridges that they cross.

Various other hard beds in the middle portion of the Jacalitos
formation form similar lines of hills or partially continuous ridges
along their strike and may thus be traced for a long distance, but
most of them acquire greater induration only locally and give place
to other beds as ridge formers after an extent of a few miles. In the
hills between Jacalitos and Zapato creeks the. middle portion of the
formation is especially rich in sand-dollar beds, some of which are
of fine gravel and form the most prominent hills. As the section
explams, the top of the Jacalitos here as well as on Jacalitos Creek is
marked by the overlying blue sands of the Etchegoin. In addition
to this easy means of distinguishing between them an important
fossil bed, the probable equivalent of the Glycymeris zone, may be
traced most of the way between these two creeks near the base of
the blue sand.

The following is a section along Canoas Creek from the top of the
Jacalitos, which is immediately south of the house of Hugo Kreyen--

hagen, to its contact with the Santa Margarita(?) formation.

Section of the Jacalitos formation along Canoas Creek.
Feet.
Chleﬂy graylsh sand and soft sandstone, with thick pebbly zone at base con-

taining Pecten estrellanus (fossil locality 4767). Overlain by rich fossil bed

of locality 4769, at base of Etchegoin....... ..o il 650
Chiefly massive, gray and buff, coarse-grained sand; a prominent bed of friable

dark sandstone with Panopea, etc., atbase............ ... .. ... . ... .. 1,000
Similar sand with prominent ridge- formmg bed at base, . N 13
-Similar sand with prominent bed, the big Trophon zone, at base ............... 400
Similar sand with occasional sandstone layers and with prominent sandstone

bed at base forming first hill northeast of Reef Ridge..........ocooooi o0 500
Similar sand grading below into sandy shale overlying the Santa Margarita (?)

formation. .. .. .o 600
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Between Zapato and Canoas creeks the beds follow low, gently roll-
ing strike ridges and valleys, and although they are soft and not prom-
mently exposed they may be traced by means of the topography and
the belts of vegetation. A peculiar feature of the beds is that in sev-
eral places those which form ridges west of Zapato Creek or part way
across to Canoas Creek become transferred to strike valleys, and vice
versa, the original tendency in some beds being reassumed farther
along their course. This feature is equally characteristic of other
portions of the Kreyenhagen and Jacalitos hills and of the overlying’
Etchegoin formation as well. This inconstancy frequently makes the
task of tracing the beds a puzzling one.

The Jacalitos beds show every appearance of bemg coniformable
with the shale of the Santa Margarita (?) formation in the region of the
foregoing section. The shale and sand 600 feet thick given at the base
of the section are thought to be equivalent to the basal zone already
" discussed in.connection with the previous sections. Northeast of the
valley occupied by this zone there extends a prominent ridge formed
by a succession of beds, containing numerous hard fossil layers and
comprising a thickness of about 1,200 feet, that are the continuation
of the similar beds found in the previous sections. In the central
portion of this fossiliferous zone is the big Trophon zone.

The top of the Jacalitos here as elsewhere-is marked by a typical
association of fossils in the summit beds, and the usual basal Etche-
goin fauna, which is of somewhat different character, occurs in the
beds just above. The line is marked here as in the previous instance
by being at the base of the blue-sand beds of the Etchegoin.

Southeast of Canoas Creek the Jacalitos formation preserves a char-
acter and a thickness very similar to those given in the above sections.
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 very 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 of the formation 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 forma-
tions, but the same paleontologic criteria used in distinguishing be-
tween 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 similarity of the beds above
and below the contact of this formation with the Etchegoin overlying,
taken together with their perfect angular conformity, is almost con-
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clusive evidence of their actual conformity and continuity. It is
believed that here where these formations are so complete they form
an unbroken sequence, whereas farther to the north, where the thick-
nesses are very much reduced, they are separated by an unconformity.
Southeast of Big Tar Creek the beds begin to lose in prominence
and to form nearly uniform rolling hills of soft sand with few large
exposures. 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 MHills' at which
a section of any completeness can be obtained from the surface
exposures. Beyond this point the hills still preserve traces of their
longitudinal strike structure, but much more faintly than farther
northwest, and most of the beds are soft and weather out into
surface sand that hides them. Fossils are only rarely to be found and
there is next to no basis for separation between zones or formations.

Section of the Jacalitos formation on north side of Reef Ridge, 8% miles southeast of Big

Tar Canyon. .

Feet.

Dark-gray sand, with about 20 feet of light+blue sand at base.................. 120
Olive-gray sand with light-blue sand at base; the basal portion i is probably the

main Pecten estrellanus zone found 1 fnile northeast............... .. ... 350
Fine 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 sand............... 275
Olive-gray speckled sand and soft sandstone, with appearance of a pepper-and-

salt mixture....................... e et 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 reddlsh yellowish, and graylsh sand and soft sand-
stone, with white sandy clay at top and coarse pebbly sand 300 feet below
top; grading at base into soft whitish-gray sandy shale...._.. seeeeneaseodo 1,200

JACALITOS IN THE REGION OF M’LURE VALLEY.

The Jacalitos is worn off over the summit of the Pyramid Hills
anticline, but reappears on its southwestern flank in the northwestern
portion of McLure Valley, dipping under the alluvium of the valley
floor. The. descriptions of the formation already given apply to it
as it appears in this region. The exposures are in general poor.

Around McLure Valley the more siliceous beds of the Santa Mar-
garita (?) grade upward into 500 to 600 feet of soft brown argilla-
ceous shale and some sand that reach up to the base of a prominent
bed of brown sandstone which is mapped as the base of the Jacalitos.
Further investigation may prove the upper portion of the succession
of beds here 1ncluded in the Santa Margarita (%) formation to be equiva-
lent to the transitional shale and sandstone zone appearing at the
base of the Jacalitos sections in the northern part of the Kreyen-
hagen Hills. Along the north side of McLure Valley and the valley
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of Avenal Creek the hard, prominent sandstone bed mentioned extends
continuously with a dip toward the valley of about 50° and forms a
succession of eminences. Along the southwest side it is not so
easily traceable. Above this bed comes a succession of soft beds,
chiefly of sand, aggregating about 2,600 feet in thickness up to the
base of a prominent bed of soft, coarse blue sandstone like that
in the upper portion of the Jacalitos and the lower portion of the
Etchegoin, previously noted. This sandstone influences the topog-
raphy by forming hills as much as 100 feet high. About 1,000 feet
stratigraphically above it a similar blue bed makes its appearance
"in the axis of the plunging syncline near the head of McLure
Valley, and continues to outcrop for 1 or 2 miles on either side of
the fold along lines diverging from the axis. The lower of these
two beds i1s the base of the blue-sand zone, and the strata between

are in part of inconspicuous blue-sand beds. The upper bed is
assumed as the approximate summit of the Jacalitos formation and
is so mapped. The thickness of the formation so delimited is about
3,600 feet, the same as in the Kreyenhagen Hills, and the blue-sand
~ zone has about the same thickness as in the section last given.

© JACALITOS IN THE JACALITOS HILLS.

Passing now back to the region.of the type locality for this forma-
tion, we may take up its occurrence from that locality northward.
In the Jacalitos Hills a plunging anticlinal fold breaks up the regular
monoclinal structure in the lower half of the formation, causing it to
be folded at various angles and in various directions and to spread
over a wider area toward the west. The base of the formation is not
known to appear within the area mapped.

The regularity of dip of the upper half of the formation, however,
" is little disturbed and a continuous section is well exposed. This
portion affords a great many excellent fossils, the principal zones of
which are traceable directly into those south of Jacalitos Creek,
and in general the formation here is similar to the occurrences already
described. It preserves the general character of a great thickness
of soft beds that are chiefly of sand and that vary rapidly both hori-
zontally and vertically into all gradations of texture from that of
clay to that of pebbly gravel. The beds are in places very gypsifer-
ous, and yellow deposits of sulphur occur along the joint cracks.
In the southern part of the Jacalitos Hills the lowest zone exposed
in the axis of the anticline corresponds to the central portion of the
zone of pebbles and sea urchins found on Jacalitos Creek.

In the central part of the hills, 700 to 800 feet below the top of the
formation, there outcrops a prominent bed several feet thick of
white, hard, gritty, very brittle, and much fractured shale somewhat
similar to the hard variety of the ‘‘indicator’’ bed in the Vaqueros,
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north of Coalinga. It may be volcanic ash. It occurs at a horizon
just above that of Pecten estrellanus in the uppermost zone in the
section on Jacalitos Creek given above. The bed extends north-
ward a little more than a mile from the northwest corner of sec. 31,
T.21 8., R. 15 E., following the east side of the road from Alcalde to -
Jacalitos Creek, and there becomes lost. It seems to be continued by
a bed of white shale found at a similar horizon on the west side of
the 1,900-foot hill southeast of Alcalde. Itisunderlainwith fairly sharp
contact by very fossiliferous fine clayey sand and medium-grained
sand full of large pectens, cardiums, panopeas, etc., and overlain
very sharply by gritty and gravelly sand full of sea urchins (fossil’
localities 4638 and 4639). This upper contact is wavy, the sand
bending down a foot or two into concavities in the surface of the
shale in places, but it is not thought that the contact represents an
unconformity. The inequalities were more probably original varia-
tions of the surface of deposited material due to currents or other
local causes. ' o ’

The succession of beds exposed on the western flank of the 1,900-
foot hill 1 mile southeast of Alcalde, east of the road leading south-
ward 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 which 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 the 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 overlaps over 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. :

JACALITOS IN THE ALCALDE HILLS.

North of Waltham Creek the Jacalitos formation has not the
great thickness that characterizes it throughout its extent in the
south, being only about 800 feet thick. This thinning northward
is very rapid in the immediate vicinity of Waltham Creek as it is in
the Etchegoin formation as well, indicating that the lower portion of
Alcalde Canyon follows a line that has been an extremely important
locusof orogenic movements. Ithasnot beendetermined whether the
change that takes place in the Jacalitos is a constant thinning affect-
ing all the beds of the formation, or whether it is due to the absence
of some large parts of the formation, owing either to their not having
been deposited north of Waltham Creek or to their having been
worn away. It may be that the zones full of fossil wood near the
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base of the Jacalitos in the Kreyenhagen Hills and north of Pleasant
Valley are the same, but 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 formation was not deposited there.

The formation over the area of the Alcalde Hills retains the gen-
eral character of the beds to the south. It is a varied formation
of incoherent yellow, brown, and gray sand, sandstone, clay, and
gravel, locally containing abundant fossils. 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 varied.
They are full of gypsum. The formation is described in connection
with the section (fig. 4). The base, as mapped, is a fossiliferous bed
containing Pecten estrellanus, etc., which is traceable southward
from the San Joaquin Valley coal mine to Waltham Creek. It is
underlain, with an appearance of conformity, by a zone of clay and
fine sand about 300 feet thick, which has been mentioned before
as possibly belonging to the horizon of the Big Blue (Santa Marga-
rita?), but which is mapped with the Vaqueros. The summit of the
Jacalitos formation is at the base of the Glycymeris zone, which is the
equivalent of the basal Etchegoin as found elsewhere. The beds
along this contact do not give evidence of unconformity.

JACALITOS IN THE AREA NORTH OF PLEASANT VALLEY.

The beds in the northern part of the district that have been cor-
" related with the Jacalitos constitute that part of the series on
Joaquin Ridge which lies between a prominent basal zone of gravel
that outcrops typically on the hill where the tanks are situated
above the Standard Oil Company’s wells (in the northeast corner of
the NW. 1sec.28, T.19S., R. 15 E.) and the base of a zone of bluish-
gray sand and abundant fossils (the Glycymeris zone) outcropping
typically on the hill where one tank stands in the northwest corner
of the SW. 1 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 thinly bedded brown, gray, and,
in some places, pinkish sandstone and sand intermingled with peb-
bles and with occasional shaly layers. This zone contains a great
abundance of petrified wood in large fragments and at one place
(locality 5015) a tooth of an extinct species of horse was found in it.
An opinion as to the possible nonmarine origin of this zone has been
expressed above. Owing to the great variety of constituents in these
beds and the likelihood of their furnishing further fossils they would
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make an interesting subject for detailed study. The prominent
basal beds are shown at the right of the center in Plate XVII. The
rest of the formation is mostly soft sand, with which hard sandstone
and conglomerate layers, pebbly sand, and sandy clay beds are fre-
quently interbedded. The upper 700 feet consists of fine light-
colored powdery sandstone, sandy clay, and clay, usually forming a
belt of low topography but interbedded with several locally promi-
nent 10 to 40 foot zones of blue pebbly sandstone like that in the
Kreyenhagen Hills and in the overlying Etchegoin.” The lowest of
these blue strata are very conglomeratic and full of large fragments
of silicified tree trunks. Impressions of leaves of deciduous trees
were found in one of the lenses of clay common in this conglomerate,
about 650 feet below the base of the Etchegoin 74 miles north of
Coalinga, on the west side of the SE. } sec. 28, T.19S.,, R. 15 E. No
marine fossils have been found in place in the Jacalitos beds north of

Pleasant Valley. FOSSILS AND AGE
SIL .

FOSSILS.

Like the Etchegoin above it, with which it is closely allied, the
Jacalitos is fossiliferous in many localities in the Coalinga district
and adjacent regions, especially in the Waltham Valley, 13 miles
southwest of Coalinga. In the upper part of the formation the
fossils are usually in a very good state of preservation; in the lower
part the original shell has usually been leached out and replaced by
other material, and some of the fossils are simply casts.

The following species have been found in the Jacalitos formation
in the Coalinga district or in the Waltham Valley:

Jacalitos (upper Miocene) fossils from the Coalinga district.

5 s la | § | < S || g
Name. g 8\8|2)|2\2)8(8/8|8 8
ECHINODERMATA.
Astrodapsis jacalitosensis Arnold.......................
Echinarachnius gibbsii Rémond................... ... e XX e X X
PELECYPODA.

. Arcatrilineata Conrad ................ooiiiiiiiiaene., JRURN PN PO G PR IO PN SR R PR s
Cardium meekianum Gabb.. ... JRPR (RPN RV (RPN PURE RV PN R PO P PR
Cardiumsp.@...............

Cardfumsp ..............

Chione securis Shumard ..
Cry%)tomya ovalis? Conrad. .. ......... PR I
Diplodonta harfordi? F. M. Anderson .................. FRRN PO SV PO SRR (RPN PRI PR PR PR I
Diplodonta parilis Conrad ...............co.cooiial. [RPRPI RPN POUUPN PR RN R RPN ) RPN R P
Diplodonta sp.indet .................. e e
Dosinia jacalitosana Arnold............coooiiiiii. R
Glyeymerissp.indet ... ... ...l ...
Macoma secta Conrad.......cooevieiiiiiiiiiii... U
Macoma jacalitosana Arnold.
Macoma vanvlecki Arnold...
Macomasp.@.........o...o..
Metisalla? Conrad........
U CIAER) |,
Monia macroschisma Deshayes ..................
Mulinia densata Conrad ......................... R
Mytilus (Mytiloconcha) coalingensis Arnold............
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Jacalitos (upper Mioccné) Sfossils from the Coalinga district—Continued.

Name.

4636
4638
| 4630
| 4640
\ 4642
4644.
4645
4646
4647
4649
| 4650

PELECYPODA—continued.

Ostrea atwoodi Gabb..........o. ool
Panopea generosa Gould . . - JRPR PR .
Panopea estrellana Conrad
Paphia staleyi? Gabb........
Paphia jacalitosensis Arnold. ..
Paphia aff. tenerrima Carpenter. e JEPR PN PR Y S JRU PR S
Pecten estrellanus Conrad ... .. . Xfoeoeaadd X [eeeif X
Pecten crassicardo Conrad .. .. .

Pecten oweni Arnold ......
Saxidomus nuttalli Conrad ..
Schizodesma abscissa Gabb....
Schizotheerus pajaroanus Conrad
Solen sicarius Gould.
Tellina aragonia Dall..
Thracia jacalitosensis A
Zirphexa dentata Gabb

GASTEROPODA.

Chrysodomus imperialis Dall. . ......................... VU PR P FO
Chrysodomus portolaensis Arnold . ...
Crepidula princeps Conrad......
Lunatia lewisii? Gould......
Margarita johnsoni Arnold
Melongenasp.@...........
Neverita recluziana Petit. .
Neveritasp................
Thais crispatus Chemnitz. ..
Thais kettlemanensis Arnold........ PR RN P
Trophon (Forreria) ponderosum Gabb .........._.t. .| ...

CIRRIPEDIA.

Balanus sp. ......... oo
Tamiosoma gregaria? Conrad ...............o.cooioo..
PISCES.

Fish vertebre. ..o oouiunriiii i ii e

PHOhIPPUSSP. @ .o oo JRPRPR AR S R DU R PN

4636. Hill 4 miles N. 85° W. of-Coalinga, not far from contact with concretionary sandstone beds mapped
as Cretaceous (Chico), on west side of sec. 35, T. 20 S., R. 14 E.  Lower beds.

4638. Three hundred feet east of nose of 1,300-foot ridge, three-fourths mile southeast of Alcalde, in center
of sec. 24, T. 21 S., R. 14 E. Olive-gray gypsiferous sand overlying white shale bed, about 700 or 800 feet
stratlgraﬁhica]ly below top of the Jacalitos formation as mapped. Upper beds.

4639. About 2 miles south of Alcalde on south side of 1,548-foot hill, in sand immediately above and below
white shale bed, insec.25, T.21 8., R. 14 E. Same horizon as 4638, upper beds.

4640. Near Commercial Petroleum well, 3 miles southwest of Coalinga. Upper beds.

4642. About 20 miles south of Coalinga, in Kreyenhagen Hills. Gray sand 500 feet southwest of top of
1,053-foot hill, four-fifths mile southwest of 1 Cerrito well, in NW. } SW. { sec. 15, T. 238., R. 17 .
Pecten estrellanug zone, or upper beds.

4644. Southeast base of 1,300-foot hill, on north side of Jacalitos Creek, just north of old adobe house
.two-thirds mile above fork of Salt Creek, in center of south side of sec. 31, T. 21 8., R. 15 E. Upper beds.

4645. One mile west of Garza Creek on top of ridge north of Clark’s place, in the NW.4 NE. § sec. 3, T. 23
S., R. 16 E.; big Trophon zone, about 900 or 1,000 feet stratigraphically above shale of Santa Margarita (?)
formation. Lower beds.

464v About 3 miles west of Coalinga, just north of Commercial Petroleum well No. 1, in canyon. Mid-
dle or upper beds.

4647. On top of ridge between Salt Creek and Jacalitos Creek, about 5 miles south-southeast of Alcalde, at
elevation of 1,300 feet, on north line of sec. 6, T. 22 8.,’R. 15 E., hard sandstone layer through pebbly olive-
gray sand. Pecten estrellanus zone about 700 to 800 feet stratigraphically below summit of formation. One
of typical Jacalitos localities. Upper beds.

4649. West point of 1,308-foot ridge three-fourths mile southeast of Alcalde, SW.} NE. { sec. 24, T. 21 8.,
R.14 E. Middle beds. .

4650. Lowest fossil bed on west face of 1,900-foot hill southeast of Alcalde. Middle beds.
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Jacalitos (upper Miocene) fossils from the Coalinga district—Continued.

. s .| . .
o 4 1w © [ [523 uy b~ - 0wy
Name. BIBIB|E|IS|E|2|8B|€|g|g|8
~ ~ ~ - o - ~ - - - w
ECHINODERMATA. R
Astrodapsis jacalitosensis Arnold................... RN N 1 S 1. S RS P PR N R P
Echinarachnius gibbsii Rémond ................... ceee]eee e X X | X A X PR P
PELECYPODA.
Arca trilineata-Conrad .. _...._..... ...l

Cardium meekianum Gabb.......................
Cardiumsp.a.............
Cardiumsp
Chione securis Shumard.. .
Cryptomya ovalis? Conrad ....................l.
Diplodonta harfordi? F. M. Anderson.............
Diplodonta parilis Conrad.........................
Diplodonta sp. indet. . . ... I S
g?siniajacahtoisa(r]la Arnold ...l
cymerissp.indet. ... ... ..ol
Mi:o?nrfi sectg Conrad.........o..ocooioiiiiiiiiiis
Macoma jacalitosana Arnold ......................
Macoma vanvlecki Arnold ................. .. ...
Macoma SP. @ «cvvvneiiii et
Metis alta? Conrad............. ...........o......
MetisSp..cooen i, P,
Monia macroschisma Deshayes....................
Mulinia densataConrad............................ .
Mytilus (Mytiloconcha) coalingensis Arnold........ cee
Ostrea atwoodi Gabb.................. ... o U
Panopea generosa Gould . ................... ...
Panopea estrellana Conrad........................
Paphia staleyi? Gabb..................
Paphia jacalitosensis Arnold .................. ...
Paphia aff. tenerrima Carpenter ..
Pecten estrellanus Conrad............ e ceen
Pecten crassicardoConrad...................o.o... ciee
Pecten oweni Arnold...... ...l
Saxidomus nuttalliConrad.................... ...
Schizodesma abscissa Gabb.......................
Schizotherus pajaroanusConrad. .................
Solensicarius Gould. ... ..ol
Tellina aragonia Dall...................c.o.. ...
Thracia jacalitosensis Arnold .
Zirpheea dentata Gabb........

GASTEROPODA.

Chrysodomus imperialis Dall....................... e
Chrysodomus portolaensis Arnold.................
Crepidula princeps Conrad........................
Lunatia lewisii? Gould........................ ...
Margarita johnsoni Arnold................... R
Melongenasp.a...........
Neverita recluziana Petit.
Neveritasp.............
Thais crispatus Chemnit:
Thais kettlemanensis Arnold...................... -
Trophon (Forreria) ponderosum Gabb............. U U

CIRRIPEDIA. .
Balanus sp............ooooooiiiiiiiiiii JRPRPN PRV PO G PR DIV DR PR "G I~ G PR R
Tamiosoma gregaria? Conrad...................... RPN VY PRV PR R PR R IR D I A I Gl PO
PISCES. :
Fishvertgebraa ...................................... RO 5~ PR DR RN PSRN PPN DR (RPN FSR O
MAMMALIA. .
PHohippuS SP.@. . evmni ittt RPN RN RPN P PR PRI SR PRI PO PRI SO B4

i

4652. On point of ridge three-fourths mile south-southwest of Alcalde, one-fourth mile south of south bend
inroad, SE. } sec. 23, T. 21 8., R. 14 E. Middle beds. . .

4653. Nearly 4 miles southwest of Coalinga, one-third mile south of Commercial Petroleum well at point
of hills on north side of Waltham Creek, just east of Anticline Canyon road, in the very southwest corner
of sec. 7, T. 21 S., R. 15 E. Middle or upper beds.

4654. On Jacalitos Creek, one-half mile above confluence with Jasper Canyon, on south side of sec. 1, T. 22
S.,R.14 E. Lower beds. .

4745. On ridge south of Garza Creek, 1 mile southeast of Mr. Clark’s place, NE.} SW. }sec. 2, T. 23 S.,
E. 16 E.; gig Trophon zone about 800 feet stratigraphically above shale of the Santa Margarita (?) formation.

ower beds.

4745a. Big Echinarachniug gibbsii zone about 800 feet stratigraphically above 4745,in NW. .1 SE. % sec. 2,
T. 23 S., R. 16 E. Middle beds. - .

4746. Sixteen hundred feet stratigraphically above 4745, on ridge-east of Garza Creék, NE. } sec.2, T. 23 S.,
R.16 E. Upper beds.
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4747. Same locality as 4746, 150 fect stratigraphically higher. Peccten estrellanus zone, or upper beds.

4763. Southwést of Coalinga district, on little ridge 200 yards north of Stone Canyon and Waltham Creck
road where it crosses a little stream before reaching Waltham Valley from the west.  Lower zone.

4765. Big Trophon zone on J. asger Creek just above fork of confluence with Jacalitos Creck, on west side
of center of the SW. 1 sec. 6, T. 22 5., R. 15 E.  About 2,000 feet stratigraphically below summit of formation.
One of typical Jacalitos localities. Lower beds.

4767. On southeast side of Canoas Creek, three-eighths mile above Hugo Kreyenhagen’s house, in the
NW. 4 8SW. tsec. 27, T.22 8., R. 16 E.. Pecten estrellanus zone, or upper beds. Abundance of beautifully
preserved specimens.

4784. On Jacalitos Creek, about 7 miles southwest of Coalinga, shaly sandstone a few hundred feet strati-
graphically above bi% Trophon zone of 4765.

5015. Basal gravel bed of the Jacalitos, SE. § sec. 15, T 19 8., R. 15 E., northeast of Octave oil wells.

FAUNAL ZONES.

" Three rather easily distinguishable fossiliferous zones occur in the

Jacalitos. The lowest one of these, sometimes called the ““ big Trophon
zone,’’ is characterized by such forms as Trophon (Forreria) pondero-
sum Gabb, Macoma vanvlecki Arnold, Panopea estrellana Conrad.
Dosinia jacalitosana Arnold, and Astrodapsis jacalitosensis Arnold,
The fauna of this zone is typically developed at locality 4765. The
same zone is also represented at the following localities: Nos. 4636,
4645, 4654, 4745, 4763, 4765, and 5015 (%).

The middle zone has a less well characterized fauna, but usually
yields very large specimens of Echinarachnius gibbsii Rémond, also
Pamnopea generosa Gould and Schizotherus pajaroanus Conrad. It
is represented by the localities Nos. 4646(?), 4649, 4650, 4652, 4653 (?),
and 4745a. o

The upper zone, or Pecten estrellanus zone, as it is sometimes
called, is characterized by large specimens of Pecten estrellanus
Conrad, Pecten oweni Arnold, and large individuals of Echinarach-
nius gibbsii Rémond. The species common in this zone are beau-
tifully preserved at locality 4767. The zone is also represented at
localities 4638, 4630, 4640, 4642, 4644, 4646, 4647, 4653, 4746, 4747,
and 4767.

FAUNAL RELATIONS AND AGE.

The fauna of the Jacalitos formation not only contains a consid-
erable number of unique species, but the association in it of species
known elsewhere in other formations is peculiar.

The species which are characteristic of or found more commonly
in the Jacalitos than elsewhere, in addition to the new species described
from it in Bulletin 396, are Chione securis Shumard; Echinarachnius
gibbsii Rémond, large variety; Melongena sp. a; Schizodesma abscissa
Gabb; Tellina aragonia Dall;and Trophon (Forreria) ponderosum Gabb.

The species which are found in the Jacalitos and the underlying
Santa Margarita(?) formation, but which it is believed do not extend
into the overlying Etchegoin, except possibly in rare instances,
are Pecten estrellanus Conrad, Pecten crassicardo Conrad, Tamiosoma
gregaria? Conrad, and Zirphza dentata Gabb. The forms noted as
questionably Tamiosoma gregaria are different from the typical
Tamiosoma and are possibly large specimens of Balanus, but the few
examples found were too poor for identification.
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Numerous fragments of Tamiosoma gregaria, Ostrea mtan and
Pecten estrellanus are scattered over the surface of the fossil-wood
bearing conglomerate beds of the upper Jacalitos in the low hills
south of Oilfields and 7 miles north-northeast of Coalinga, in the
SE. 1 sec. 34, T. 19 S, R. 15 E. They have the appearance of being
in place in these beds, but it is believed to be'more probable that they
are either inclusions in the Jacalitos of fossils derived from the Santa
Margarita(?) beds or recent float from the higher hills.

The species which are eommon to the Jacalitos and the overlying
Etchegoin, but which do not extend below into the Santa Margarita (?)
are Arca trilineata Conrad, Cardium meekianum Gabb, Cryptomya
ovalis? Conrad, Diplodonta harfordi F. M. Anderson, Diplodonta
parilis Conrad, Echinarachnius gibbsis Rémond, Chrysodomus porto- -
laensis Arnold, Macoma secta Conrad, Monia macroschisma Deshayes,
Mytilus ( Mytiloconcha) coalingensis Arnold, Ostrea atwoodi Gabb,
Pecten owent Arnold, Schizotherus pajaroanus Conrad, Paphia
staleyi? Gabb, and Paphia tenerrima Carpenter.

Thais kettlemanensis Arnold properly belongs in the list of the
species unique in the Jacalitos, as it occurs alone at the type locality
of the species (locality 4680, which is included in the general locality
4679), which is on the axis of the Coalinga anticline and in beds below
the lowest fossiliferous horizon that is certainly Etchegoin. It is
abundant toward the base of the Jacalitos.

All the determinable fossils that have been found in the Jacalitos
in the southern portion of the district are of salt-water species,
which indicate the marine origin of the greater part of the formation.
The basin of deposition, however, appears to have been a shallow
one, and it is not unlikely that portions of the great thickness of
beds were deposited outside of the area occupied by the salt water
at times when subsidence did not keep pace with deposition and the
consequent encroachment of the land upon the sea. Beds formed at
such times may be represented by the fossil-wood zones noted and
possibly by some of the gravel and sand deposits in other parts of
the formation.

The Jacalitos may be defined as a formation embracing about
3,600 feet of sand, gravel, clay, and sandstone, lying between the
Santa Margamta (%) formation below and the Etchegom above, and
containing in its fauna among others at least 15 species which are
unique, 4 which are common to it and the Santa Margarita but do
not extend up into the Etchegoin, and 15 which are common to it
and to the Etchegoin but do not extend down into the Santa Mar-
garita fauna. The age of the Jacalitos is believed to be the early
part of the upper Miocene. It has a known range of about 75 miles
along the Diablo and Temblor ranges, from Coalinga to the Elk-
horn Plain. Whether it will be possible to recognize the fauna out-
side of this area is not known; for the present it seems advisable
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to use the name only in a local way and in the general geologic col-
umn to place it tentatively as an equivalent for the upper part of the
Santa Margarita and the lower part of the San Pablo.

. IMPORTANCE WITH RELATION TO PETROLEUM.

The Jacalitos formation is not petroliferous in the Eastside field
in the northern part of the district, but becomes 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 appearing to have 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).
DEFINITION.
ORIGINAL DESCRIPTION.

The name Etchegoin series was applied by F. M. Anderson® to a
great thickness of beds of little-consolidated sand, gravel, and clay,
characteristically blue at the base, extending a long distance both
northwest and southeast from Coalinga along the border of the Diablo
Range. The name of the formation was ““derived from its character-
istic development in the vicinity of the Etchegoin ranch, some 20
miles northeast of Coalinga.” This is an abandoned sheep ranch at
the northern edge of the area mapped, 124 miles northeast of Coa-
linga (NW. % sec. 1, T 19 S, R. 15 E.). A general description of the,
formation was given. Its upper limit was stated to be at the base of
the fresh-water deposits in the vicinity of Tulare Lake and the Kettle-
man Hills, described as the Tulare formation.

Mr. Anderson states that “one or two fossil horizons are to be
recognized in the Etchegoin sands, one near their bottom and another,
some distance above.” The one near the bottom is stated to be the
more characteristic horizon. It is the one that will be later described
as the Glycymeris® zone and as the base of the formation. The
nearest locality to the Etchegoin ranch for which a descrlptlon or
section was given is 9 miles north of Coalinga, and this may therefore
be taken as the type section. In this section the base of the forma,-

a Anderson, F. M., A stratigraphic study in the Mount Diablo Rarige of California: Proc. California Acdd.
Sel., 3d ser., vol. 2, 1905 No. 1.

5 To a.v01d confusion it should be stated that this same genus was referred to as Pectunculu.s in the paper
quoted. That name has been replaced by the one liere used owing to the fact that Glycymeris was the,
original designation of the genus.

88170—Bull. 398—10——8
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tion was shown considerably above the Tumiosoma zone, which is
described in the present report as part of the Santa Margarita (%) forma-
tion. The position of the lower portion of the Etchegoin was further
indicated by the statement in the general description that it was
characteristically a zone of bluish sand. The.whole formation was
referred to the Pliocene and was stated to be unconformable with
the beds below.
PRESENT DEFINITION.

In accordance with the original description, and on the basis of the .

reasons stated below, the Etchegoin formation is mapped and de-

scribed in the present paper as the succession of beds of sand, gravel,
and clay, in part indurated, occurring in the oil field northeast of
Coalinga above the base of the hill-forming sandstone beds referred to
for convenience as the Glycymeris zone, and in the Kettleman Hills
below the fresh-water beds described as the base of the Tulare forma-
tion. The upper limit is not defined for the hills north of Coalinga
owing to the indefiniteness of the line between the Etchegoin and
Tulare there. The base of the formation may be still more sharply
defined as the lowest horizon of the Tertiary beds that rest directly
upon the Cretaceous in the basin of the White Creek syncline, about
15 miles northwest of Coalinga, for there no question can exist of the
individuality of the Etchegoin as a stratigraphic unit or of its proper
delimitations. Such a definition on the basis of the White Creek
occurrence seems permissible, inasmuch as there can be little doubt’
that the fossiliferous beds at the base of the formation in the White
Creek basin are equivalent to those north of Coalinga referred to as
the Glycymeris zone. This fossil zone was probably at one time con-
tinuous between the two localities.

Strata in other portions of the Coalinga district are referred to the
Etchegoin formation on the basis of paleontologic correlation with
the basal beds on Anticline Ridge and in the White Creek basin and
with the upper beds in the Kettleman Hills. The formation so
described probably belongs as a whole in the Miocene, though its
uppermost beds may Teach into the Pliocene. It is very rich in
marine fossils and is chiefly of marine origin; but evidence will be .
mentioned later pointing to the orlgm of portlons of it in bodies of
nearly fresh water.

BASE OF THE FORMATION.

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 (fossil localities 4656, 4658, and 4659) and extends
continuously from that point along the line mapped as the base of the
Etchegoin formation. The beds of this zone are shown on the right
side of Plate XVIII, along the summit of Anticline Ridge, in the
middle distance in the picture. The zone is underlain at this locality
by clay that forms a belt of low relief in the topography and that 1s
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classed in the Jacalitos formation. It 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 recog-
nized by the association of fossils contained in it. It could not be
identified surely by the Glycymeris alone, for although the genus is
perhaps more characteristic of this zone than of any other, its distri-
bution at other horizons is wide. Approximately, if not exactly, the
same horizon marks the base of the beds overlying the Cretaceous
sandstone in the synclinal basin of White Creek, as shown by the
typical association of fossils (fossil localities 4662, 4663, and 4664).
Somewhere between Oil Canyon and the White Creek area an overlap
of the Etchegoin upon the Jacalitos and earlier Tertiary formations
must have taken place.

It is therefore appropriate to consider the beds above the base of
the Glycymeris zone as a distinct formation, 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. The fact that the
Glycymeris zone or fossil beds that are approximately equivalent to it
are traceable throughout the district gives it great value in distin-
guishing the Etchegoin from the formation below.

TOP OF THE FORMATION.

In the section of this formation in the hills north and northwest of
Coalinga the summit has not been found clearly marked, but it is
overlain around the edge of the valley by gravel, sand, and clay
deposits that are with little doubt the equivalent of part of the forma-
tion which has at its base a clearly marked bed of fresh-water fossils
at the northern end of the Kettleman Hills, less than 10 miles to the
south. That formation, the Tulare, is widespread along the border -
of the Diablo Range in contact with the Etchegoin. The occurrence
of the Etchegoin, especially of the upper portion, is typical in the
Kettleman Hills, and the contact is distinctly traceable between its

- uppermost beds, which are full of marine or estuarine fossils, and the
fresh-water bed immediately overlying. There is reason to believe
that if the beds of these formations were well exposed near their con-
tact in the hills northeast of Coalinga the same fossil zone would be
found and the summit of the Etchegoin would be well defined, as it is
in the Kettleman Hills. An appearance of conformity-and inter-
gradation between the Etchegoin and Tulare exists along the contact,
in the Kettleman Hills, although a time break mayhave intervened
without leaving any marked evidence as yet observed. In the
Kreyenhagen Hills there may be an unconformity, and that will be
discussed later.
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GENERAL DESCRIPTION. )

In the description of the Jacalitos (early upper Miocene) frequent
reference has been made to the overlying Etchegoin (uppermost 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 the southern part of the district they seem to have
originated as a chronologically continuous succession of deposits
and are only arbitrarily separable on the basis of the associations of
faunas, whereas in the northern part of the district they are not so
completely represented, and movement of the land took place that
caused the later deposits to spread more widely than those of the
earlier period. Many of the features of structure, influence upon
topography, and lithologic variation mentioned in connection with
the Jacalitos are common to both.

The surface exposure of the upturned beds of the Etchegoin
formation, as shown by the map, forms a belt along the foothills
similar to that of the Jacalitos, the beds lying above those of the
Jacalitos in the general monoclinal succession. Along the main
belt where the beds of the Etchegoin lie they dip at all angles, varying
from a few. degrees to the vertical, but generally with regularity at
each locality. The formation attains its greatest thickness in the
southern part-of the district, in the Kreyenhagen Hills, where it is
at least 3,500 feet thlck In the northern portion it is at most only
half as thick.

The formation is made noticeable by the dominant grayish- blue
color of the massive sand beds that are dispersed through several
hundred feet of beds at its base, but an examination of its charac-
_ teristic fossils, which abound at several different horizons, is the only
means of distinguishing 1t accurately from the associated formations.
The blue color of the sands has been mentioned above (p. 115). An
exposure of soft sandstone and gravel beds in the middle of the
formation is shown in Plate IX, B. The outcrops and general
topography at the point where this picture was taken are character-
istic, although the sand dollars are somewhat more numerous than
in most places.

One of the most 1mportant of the broad features of the formationin
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. It can not be said
of any locality that either portion is free from an admixture of the
elements of the other, and, moreover, the uppermost beds of the
formation are in large part composed of sand and sandstone wherever
they have been found exposed.
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F. M. Anderson divided his Etchegoin series into the Etchegoin
sands below and the San Joaquin clays above, corresponding to the
rough divisions already outlined; but inasmuch as these names are
" not applicable throughout the area under discussion and do not
represent a complete division of the formation they are not used in the
present paper. :
DISTRIBUTION AND LOCAL CHARACTER.

ETCHEGOIN IN THE COALINGA FIELD.

In the oil field north of Coalinga the Etchegoin has a maximum
thickness of about 1,700 feet. The Glycymeris zone already described
is at the base and a number of other fossiliferous beds lie within
several hundred feet above this, affording altogether a rich fauna.
(See fossil localities 4657, 4671, and 4688.) The lower portion of
the formation is composed largely of beds of compact coarse and -
fine bluish-gray 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 formation 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.
The formation is described in connection with the section (fig. 4),
which represents its exposures on the summit and east slope of the
1,410-foot hill 2 miles southwest of Coalinga. The beds there are
chiefly of yellowish and gray gypsiferous sand, sandstone, and
gravel of various degrees of coarseness, and have an exposed thickness
of about 750 feet. A fossil bed about equivalent to the Glycymeris
zone at the base of the formation farther northeast outcrops near
the top of the hill, and a 20-foot fossil bed equivalent to the Pecten
coalingaensis zone of the Kreyenhagen and Kettleman hills appears
‘at the edge of the valley about 650 feet above the base of the forma-
tion as mapped (fossil locality 4714). As the uppermost beds that
belong above the Pecten coalingaensis zone are hidden by the surface
deposits of the valley, the whole formation here may have a thickness
of 900 or 1,000 feet. Probably the formation is overlain beneath the
valley by the Tulare. ‘

ETCHEGOIN IN THE WHITE CREEK BASIN.

A detached area of Etchegoin beds is preserved in the syncline
neéar the head of White Creek, as before mentioned. At one time these
beds were doubtless continuous with those of the same formation
around Pleasant Valley. The lowest 100 feet of beds, immediately
overlying the Cretaceous, are composed of coarse and pebbly, compact -
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but soft yellowish-gray sandstone hardly distinguishable from the
underlying Cretaceous sandstone. These beds do not contain very
many fossils, but grade upward into beds largely composed of fossils,
with a matrix of yellowish-gray sand. This basal fossil zone contains
a fauna closely resembling that of the Glycymeris zone on Anticline
Ridge and is correlated with it. (See fossil localities 4662, 4663, and
4664.) The bulk of the formation in its middle portion consists of
similar 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 variable, a
thick zone of coarse pebbles being followed above by alternating
beds of sandy shale, calcareous shale, and coarse and fine sand and
sandstone, with a hard and prominent thin bed of dark-brownish
sandstone full of small white fossils near the top. The total thickness
of the beds here preserved is about 1,100 feet.

The basal beds of the Etchegoin are apparently conformable in dip
with the Cretaceous in the White Creek syncline, although of course
the break between the two periods was profound. The beds at the
base dip at angles as high as 60° or more along parts of the syncline,
but the dip decreases gradually to only a few degrees in the axis of
the fold. The character of the sand forming the Etchegoin beds
indicates that it was derived largely from the Upper Cretaceous
sandstone beds.

ETCHEGOIN IN WALTHAM VALLEY.

The continuation of this basin deposit of Etchegoin forms a filling
in the region of open hills toward the head of Los Gatos Creek,
where it overlies both Cretaceous and Franciscan, and in the synclinal
trough of Waltham Valley, which extends for many miles along the
western side of Juniper Ridge outside of the area mapped.

ETCHEGOIN IN THE KREYENHAGEN HILLS.

The best and most complete sections of the Etchegoin msy be
found in the Kreyenhagen Hills, where the upturned northeastward-
dipping beds of this formation are exposed as a belt between the
Jacalitos and Tulare formations. It is not easily separable from
these two formations. -The contact at the base of the Etchegoin is
drawn below a fairly constant fossiliferous zone, which is supposed
to be the equivalent of the Glycymeris zone mnorth 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 Tulare, by a summit zone
containing Myas, oysters, etc., that 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 varies from place
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to place and its position is of little value except for rough correlations.
The thickness of the blue-sand zone within the Etchegoin near Zapato
Creek is over 2,500 feet, whereas at points south of Big Tar Canyon
the beds chmactelll,ed by this blue color have not been observed to
extend as much as 800 feet above the base of the formation. 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 clay being somewhat more in evidence 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 some other parts
of the district. The lowest one is at the base of the formation and is
the approximate equivalent of the Glycymeris zone farther north and
of the lower Mulinia zone of the Kettleman Hills. About 800 feet
above the base of the formation, roughly speaking, comes a zone that
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 approximately coincident
with the upper portion of the blue-sand zone. The third main zone
may be called the Pecten coalingaensis zone owing to the nonoccur-
rence of this species at other horizons. 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
wattst 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 Myas, oysters, etc., and
which are called the upper Mya zone. These four zones do not include
all the important fossil beds in the formation, but are those that have
been found most -persistent and easily recognizable and therefore
most valuable as datum zones.

The following sections of the formation in different parts of the
Kreyenhagen Hills, together with the section in figure 4, give a tab-
‘ulated description of the formation as it occurs typically and convey
"an idea of the variety of the beds.

Section of Etchegoin formation on Canoas Creek.

. Feet.
Fine gray sand and clay, with occasional hard layers, upper Mya zone (fossil

" localities 4744 and 4782); overlain by gravel of Tulare...................... 450

- 'Gray sand and clay in alternating beds of variable thickness.................. 1,700

Top of blue sandstone; massive gray sand, both coarse and fine, interbedded
with clay in lesser amounts and occasional heavy beds of blue,sand; contains
numerous sand dollars (locality 4707) and a zone at the base with many
fossils; the upper Mulinia zone......... ... . . . i, 550
Similar bcds to the base of the zone of blue sand. Beds at base containing many
fossils (locality 4769), probable equivalent of the Glycymeris zone and of lower *
Mulinia zone of Kettleman Hills........_........ e 900
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Section of Etchegoin formation 8% miles southeast of Big Tar Cangyon.

Feet.
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; summit of Etchegoin not defi-
nitely determinable, but this zone somapped....... ... ... ...l 250
Alternating thick zones of whitish-gray sand and clay......................... 1,080
Solid zone of thin-bedded pebbly sandstone............................LL 45 -

Whitish-gray sand and clay with a 15-foot bed of coarse pebbly sand in middle.. 660
Prominent beds of compact gray sand with softer sand and sandy clay between;

whitish-gray sand with black pebbles at base.......... 210
Compact fine gray sand streaked with layers of fine whltlsh sand and sandy cla.y 420
Compact, slightly gritty white shale somewhat similar to Santa Margarita (?).... 10
Solid zone of grayy sandstone, coarse pebbly sandstone, and hard calcareous shale. 40
Fine gray sand.. ... .o . e 50

Highest bed of blue sand, with a 10-foot1ayer of pebblesat base and a 3-foot layer
full of sand dollars, barnacles, Arcas, etc., 20 feet above base; probably upper

Mulinga ZONe . .. ..o 80
Interbedded blue sand and sandy clay with a promment 20-foot bed of blue
sand at base. ... .o oo 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................. e e i 90
Soft gray sand.....cooepeentiiiioos e e 70
Very prominent blue sand......... et el 40
A prominent 30-foot bed-of blue sand at base overlain by bluish and gray sand
and three less prominent bedsof bluesand........ ... ... ... ... ... 250
3. 500

ETCHEGOIN IN' M'LURE VALLEY.

The Etchegoin probably outcrops over a small area in the Avenal
syncline in McLure Valley above the Jacalitos formation, but it can.
not be definitely recognized. The thickness of beds above the Santa
Margarita(?) formation is.so great in this region that some Etchegoin
must be present 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 tlhie basal beds of the Etchegoin, consist of blue sands.
Above these everything is covered by the recent alluvial deposits of
the valley.

ETCHEGOIN -IN THE KETTLEMAN HILLS.

'The Etchegoin is excellently exposed in the Kettleman Hills, where
it is a thick formation similar in general 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
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beds at the base of the Tulare The greatest thickness that has been
found exposed is in the south-central part of the hills, on the south-
west flank of the anticline, where the beds below the fresh-water
herizon measure over 3,000 feet. '

Different horizons in the Etchegoin 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
convenient to designate these briefly, beginning with the summit
of the formation as a constant datum line and going down. In addi-
tion to the main zones that will be here mentioned there occur other
fossil beds which may assume local importance, but which were
not found so constant., Complete lists of the fossils contained in
these zones at different localities are given below. In this connec-
tion reference should be made to the section in figure 5 and the tabu-
lated section on page 123. 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 interbedded with dark clay, which may
be called here, like the same zone in the Kreyenhagen Hills, the
upper Mya zone, because of the great abundance of Myas. It also
contains many other fossils, especially common being small yellow
Littorinas and small oysters. This zone has a thickness varying
between 200 and 300 feet and is prominent in the topography be-
cause it usually forms a line of hills. In the southern part of the
Kettleman Hills it forms the main ridge. This zone and the transi-
tion between it and the overlying fresh-water beds is further discussed
in connection with the Tulare formation. Below it comes a zone
of unequal thickness, but usually about 700 feet thick, 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
proportions. Toward the base of this zone, usually between 700
and 900 feet below the top of the formation, there is a zone of fossil-
iferous sandstone beds that is the equivalent of the zone of Pecten
coalingaensis- in the Kreyenhagen Hills. These beds likewise show:
a tendency to form hills or knobs, but they are not as prominent as
. those of the upper Mya zone. Below the Pecten coalingaensis zone
the formation is largely sand and clay, chiefly sand, down to the
base, the lower portion being composed as elsewhere of alternating
beds of ordinary sand and blue sand. The next prominent fossil
bed to be mentioned is another one containing a great many Myas,
and it 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
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the summit 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 ev1dence in the Kettleman Hills is the large Mu-
linia, and a bed containing abundant specimens of this form
lies about 100 feet below the lower Mya bed. It marks the highest
horizon at which the large specimens have been found and is, as far
as can be told, the equivalent of the upper Mulinia zone in the
Kreyenhagen Hills. In the northern portion of the Kettleman
Hills it is near the base of the exposed series and is the lowermost
easily recognizable zone, whereas in the central portion of the hills
beds of considerable thickness'are exposed below. Inasmuch as the
base of the Etchegoin can not be mapped in these hills the upper
Mulinia bed is taken as a datum line in the lower portion of the
formation and its summit is mapped. It can not be definitely
traced at all points along the line mapped, but its horizon has
been approximated as nearly as possible where its fossils and those
of the overlying lower Mya bed have not been found. Another
zone in the Kettleman Hills in which Mulinia is very abundant is
between 500 and 700 feet below the upper one, and may be referred
to as the lower Mulinia zone. It is approximately the equivalent of
the Glycymeris zone in the Coalinga field. It is about the lowest bed
_exposed and is approximately the base of the Etchegoin formation.

The following tabulated section and the section in figure 5 repre-
sent the lithologic character and variations of the Etchegoin in the
Kettleman Hills. Variation 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. On the northeast flank of the anti-
cline the beds are repeated with approximately the same thickness,
but the sections measured made it appear that there was poss1bly
o slight thinning on that side. ‘
* The following section is on the southwest .flank of the anticline
in the south-central portion of the hills, beginning at the 1,030-
foot hill on the main ridge 5 miles northwest of the Dudley-Lemoore
road (in the center of sec. 3, T. 23 S., R. 18 E.), and extendmg north-
eastw&rd across the strike of the beds to the anticlinal axis.

Section of Etchegom JSormation on southwest flank of Coalinga antwlme in central portwn'

of Kettleman Hills.
Feet.
Inky-blue clay below fresh-waterbed ....... .. . ... ... ... il 50
. Yellow and gray sand full of fossils and of fragments or nodules of porcelain
shale; the upper Mya zone (fossil locality 4730)....... .. .. .. .. ... ... 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 (locality 4693), 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 layersmear base. ........ocoiiiiiiiiiii e 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 and is the lower Mulinia zone (locality 4689)..... 675

3,050

The upper Mulinia zone occurs 2,000 feet below the summit of the
Etchegoin in the section in figure 5, whereas the bed that has been
correlated with it in the above tabulated section occurs over 300
feet lower. It seems probable from this and similar instances in the
case of other sections that there is a thickening of the formation
toward the south between the top and this bed, similar to the thick-
ening that takes place between the oil field north of Coalinga and the
Kreyenhagen Hills. It may reasonably be assumed that a thickening
takes place below the upper Mulinia zone as well, and that the base
of the formation is not as far below this zone in the northern portion
of the hills as farther south.

Toward the north end of the hills, as shown by the map, the Etche-
goin plunges completely beneath the Tulare formation and does not
- appear again until brought up by the oppositely plunging anticline
on Anticline Ridge. Toward the southern end of the hills the forma- -
tion becomes covered more and more by surface sand and soil, and
its zones and structure are obscured. At the south end of the hills
it does not pass below the Tulare, but exposes its lower beds.

FOSSILS, ORIGIN, AND AGE.
FOSSILS.

Fossils are foun:d more or less abundantly and usually in an excel-
lent state of preservation throughout the Etchegoin formation in the
Coalinga district. . Several recognizable zones, each carrying a more
or less distinctive fauna, occur between the base and top of the for-
mation, but these faunas are closely related and have not been
deemed worthy of recognition in the mapping. The following species

‘have been found by the writers in and near the district under
discussior*
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3849. Point whereroad from Coalinga to Stone Canyon crosses the Waltham Creek sheep property. Spur
of sandstone. Middle beds. .

4643. Upper Mulinia zone on main ridge of Kettleman Hills 1 mile southeast of 1,370-foot hill, in the SE. %
sec. 20, T.22 8., R. 18 E. Lower middle beds. .

4648. Seventy-five feet below summit on south side of 1,375-foot hill just west of Mr. Orr’s house in Big
Tar Canyon, in the NE. } NW. } sec. 8, T. 23 S., R. 17 E. Basal beds.

4656. Atnorthwestend of Anticline Ridge, 6 miles north-northeast of Coalinga, SW.% sec. 34, T.19 S.,
R.15 E. Lowest Etchegoin bed or Glycymeris zone, just helow bed of 4657. -

4657. Atnorthwestend of Anticline id%a, 6 miles north-northeast of Coalinga; bed just above 4656; near
south side of SW. % sec. 34, T'. 19 8., R. 15 E. Basal beds. .

4658. Near northwest end of Anticline Ridge, at southeast end of long 1,200-foot hill, in NE. % sec. 3, T. 20
S.,, R, 15 E. Near base of Etchegoin.

4659. At northwest end of Anticline Ridge on 1,200-foot hill and for 1 mile northwest of that hill along
Glycymeris zone. Basal heds. See 4656.

4660. About 2% miles southwest of Coalinga, northeast of West Coalinga well. Qlycymeris zone or basal
beds. See locality 4674.

4661. Eightmiles north of Coalinga, in the NW. % sec.29, T.198., R.15 E. Glycymeris zone or basal beds.

4662. Atnorthedge of Etchegoin area in White Creek basin, one-half mile east ofroad up White Creek and
three-fourths mile southeast of Michigan well, center of NW. £ sec. 16, T. 19 8., R. 13 E. Glycymeris
zone, 100 feet above base of Etchegoin.

4663. At north edge of Etchegoin area in White Creek basin, on. summit of ridge one-half mile west of road
up White Creek and three-fourths mile southwest of Michigan well, about 1 nilenorthwest of 4662. In basal
sandstone of the Etchegoin. . ]

4664. On north side of White Creek about 5 miles northwest of junction with Los Gatos Creek. 1n basal
Etchegoin beds on south side of synclinal basin. .

b 4&565. On south side of White Creek about 6 miles northwest of junction with Los Gatos Creek. Basal
6ds.

4669. At south end of Kettleman Hills, on summit of 540-foot hill in the very southwest corner of area
mapped, in center of sec. 2, T. 25 8., R. 19 E., and for 1 mile S. 15° E. of that hill. Probably about the
lowest Etchegoin beds exposed south of Avenal Gap. '

4670. At southernmost end of Kettleman Hills, 5} miles south-southeast of Light’s house in Avenal Gap
on knob of vertical angle B. M. (elevation 505 feet), in center of sec. 10, T.25S., R. 19 E. Prominent bed
of yellowish limestone in uppermost portion of Etchegoin. ' . -

4671. Onnortheast flank of Anticline Ridge, about 63 miles northeast of Coalinga and about 2 miles north-~
northeast of B. M. 947 feet. Several hundred feet above base of Etchegoin, in the lower middle beds.

4672. South of Waltham Creek, 33 miles southwest of Coalinga, on northeast nose of 1,200-foot ridge four-
fifths mile north-northwest of 1,900-foot hill, center of SE. % sec. 13, T'. 21 S., R.14 E. Basal beds.

4673. Onemile southeast of Alcalde, atelevation of 1,600 feet on ridge west of 1,900-foot hill, centerof NE. 1
sec. 24, T.21S., R. 14 E. Basal beds. :

4674, Haliway between ‘West Coalinga and Commercial Petrolenm wells, about 3 miles southwest of
Coalinga. Glycymeris zone or basal beds. See locality 4660. .

4675. About 24 miles due west of Coalinga, at elevation of about 1,200 feet on road, north line ofsec. 1, T. 21
S, R.14 E. Lower middle beds. -

4676. Six miles southeast of northwest end of Kettleman Hills, where old road crosses main ridge one-half
mile east 0f 1,332-foot hill. Lower Mya zone, or lower middle beds.

4677. Ten miles southeast of northwest end of Kettleman Hills, on northeast side of summit of 1,370-foot
hill, west side of NW.  sec. 20, T'. 22 S., R. 18 E. Lower Mya zone, or lower middle beds.

4678. On road north of locality 4676, one-half mile east-northeast of 1,332-foot hill. Lower middle heds.

4679. Area about 10 to 12 miles southeast of northwest end of Kettleman Hills; Mulinie beds on both sides
of anticline, between 1,370-foot and 1,277-foot hills on main ridge and within 1 mile northeast of those hills
on opposite side of anticline. Lower middle and basal beds.

4681. On east side of Kettleman Hills 3 miles northeast of Light’s place in Avenal Gap, on southwest side
of long, low ridge near axis of anticline, middle of west side of NE. 4 sec. 4, T. 24 8., R.19 E. Upper (?)
Mulinie zone, or lower middle beds. .

4682, One-third mile west of locality 4681, north-central part of NW. 1 sec. 4, T.24 S.,R. 19 E. Upper
Mulinia zone, or lower middle beds. .

4683. South of Avenal Gap in Kettleman Hills; extremely fossiliferous sand on summit of 500-foot knob

ust north of old house, 24 miles 8. 45° E. of Light's place; northern part of NW. 4 sec. 27, T.24 8., R. 19 E.

'pper Mulinia zone, or lower middle beds.

4684. South-central part of Kettleman Hills, about 5 miles northwest of Dudley-Lemoore road, in second
main canyon 14 miles N. 45° E. of 1,030-foot hill, center of SW. 4 sec. 35, T.22 8., R. 18 E. Lower Mulinia
zone, about 3,000 feet below top of Etchegoin; lower middle or basal beds.

4688. On Anticline Ridge, southwest of Turner well No. 2, middle of S. 4 sec. 2,.T. 20 S., R. 15 E,
Several hundred feet above hase of Etchegoin, in the lower middle beds.

4690. Two miles southwest of Coalinga, south of Lucile well, SW.% sec. 6. Lower middle beds.

4603. South-central part of Kettleman Hills, about 9 miles northwest of Avenal Gap, 1,000 feet northeast
011,030-foot hill, SW.4+NE.%sec. 3, T. 23 8., R.18 E.; 950 feet stratigraphically below summit of Etchegoin.
About the same as Pecten coalingaensis zone, or upper middle beds.

4695. East side of Kettleman Hills south of Avenal Gap, from gravelly surface of ground, NE. } SE.

.sec.27, T.248S.,R.19 E. Lower middle beds.

4696. About 2,000feet east of mainridge of Kettleman Hills, 1 mile southeast of Light’s place, SW.$ NW.}
sec. 21, T.24 8., R. 19 E. In dark gypsiferous sand and clay about 750 feet stratigraphically below top
of Etchegoin; probably the equivalent of the Pecten coalingaensis zone, or upper middle beds.

4697. Near south end of Kettleman Hills, along summit of ridge (elevation 592 feet) 4 miles S. about 20°
E. of Light’s place in Avenal Gap, on west side ofsec. 3, T. 25 S., R. 19 E. Prominent pebble bed 1,600 to
2,000 feet below summit of Etchegoin. Probably same horizon as 4695, in lower middle beds.

4698. North of White Creek syncline, ahout three-fourths mile north of White Creek and 3} miles north-
west of junction with Los Gatos Creek, in center of sec. 23, T. 19 S., R. 13 E. Upper middle beds.

4699. Eastern border of southernmost group of Kettleman Hills,in gray and blue sand on northeastern
sidg &)f ]]c)u?ill in western part of sec. 26, T. 24 S., R. 19 E. About same horizon as 4695 and 4697, in lower
middle beds.

4700. Kettleman Hills. Float. Undifferentiated lower or middle beds.

4701. East side of Kettleman Hills, at base of upper Mye zone or uppermost beds on Dudley-Lemoore
road, in east-central Part ofsec. 17, T.23 8., R. 19 E. .

4702. South-central part of Kettleman Hills, on northwest side of 813-foot hill 43 miles northwest of
Avenal Gap, 400 feet east of main ridge where old road crosses, NW. 3 NW ﬁ sec. 25, T. 23 S., R. 18 E,
Gypsiferous sand and pebble bed about 900 feet stratigraphically below summit of Etchegoin. Probably
equivalent to Pecten coalingaensis zone, or upper middle beds.
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4703. Central part of Kettleman Hills, 10 miles northwest of Avenal Gap, three-fourths mile N. 30° W.
of 1,030-foot hill, SW. } SW 4 sec. 34, T. 22 8., R. 18 E. About 900 feet stratigraphically helow summit of
Etchegoin. Probably e%ulvalent of Pecten coalingaensis zone, or upper middle beds.

4704. Central part of Kettleman Hills, 11 miles northwest of Avenal Gap, on south hase of 1,145-foot
hi!!i é;\ t!h‘il very southeast corner of sec. 28, T. 22 S., R. 18 E. Just-above upper Mulinia zone, in lower
middle beds. - .

4705. One-third mile south of B. M. 923 feet on Zapato Creek, from hard layers in sand forming a ridge
that runs along 1 mile from there on south side of road to Canoas Creek, on west side of NW. % sec. 17, T.
%2(13. , R.16 E. About 450 feet below summit of Etchegoin. Pecten coalingaensis zone, or upper middle

eds. .

4706. Just across the gully east of the Call well, 7 miles north-northwest from Coalinga, in the northwest
corner of sec. 32, 1. 19 S., R. 15 E. Lower middle beds (?).

4707. About one-fourth mile northeast of Hugo Kreyenhagen’s house, between two roads that run east
from Canoas Creek, center of sec. 27, T. 22 8., R. 16 E.  Sea-urchin bed immediately above upper Mulinia
zone, about 900 feet stratigraphically above base of Etchegoin, in lower middle beds. .

4708. 1,245-foot hill 4 miles southeast of northwest end of Kettleman Hills, east side of sec. 32, T. 21 8.,
R.17 E. Arca bed in upper Mya zone, or uppermost beds.

4709. East side of Kettleman Hills, on summit of ridge in center of SE. 1 sec. 6, T. 22 8., R. 18 E. Drab
sand with hard sandstone layers, 750 to 800 feet stratigraphically below summit of Etchegoin. Pecten.
coalingaensis zone, or upper middle beds. X

4710. Three-fourths of a mile northwest of Zapato Creek B. M. 806 feet, on north side of ravine, west-central
part of NE. 4 sec. 5, T. 22 8., R. 16 E. - Pecten coalingaensis zone, or upper middle beds.

4711. West side of 1,245-foot hill 4 miles southeast of northwest end of Kettleman Hills, central part of
sec. 321; ’g 21 8., R. 17 E. Opyster bed 50 feet above Arca bed of locality 4708. Upper Mya zone, or upper-
most beds. .

4712. East of Zapato Creek, one-half mile south of Adolph Kreyenhagen’s house, SW. } SE. } sec. 8, T.
22 8., R.16 E. Variable pebbly sand, with many fossils. ~Pecten coalingaensis zone, or upper middle beds.

4713. About 5% miles southeast of northwest end of Kettleman Hills, on top of 1,332-foot hill in south-
central part of sec. 3, T. 22 S., R. 17 E.. Sand-dollar bed of drab sand overlying blue and gray sand of
lower Mya zone, both being in the lower middle beds.

4714. Two miles southwest of Coalinga, at elevation of 900 feet, near edge of Alcalde Hills,on ridge
descending east from prominent hill (elevation 1,410 feet), just east of center of SW. % sec. 6, T. 21 8., E.
15E. Coarse sand and pebble conglomerate about 650 feet stratigraphically above base of Etchegoin.
Pecten coalingaensis zone, or upper middle heds.

. «glﬁ. South end of Kettleman Hills, sec. 10, T. 25 8., R. 19 E. Upper middle and uppermost Etchegoln
heds.

4716. Near northwest end of Kettleman Hills, 2 miles north-northwest of 1,245-foot hill, east of center of
SW.4sec. 20, T.21 8., R. 17 E. 1n sand just below flinty white shale bed that marks top of Etchegoin.
Just below 4740. Upper Jlﬁya zone, or uppermost beds.

4717. Near northwest end of Kettleman Hills, 1} miles northwest of 1,245-foot hill, just east of old house,
northwest corner of sec. 29, T. 21 S., R. 17 E. Arca sand below white shale at top of Etchegoin, upper
Mya zone, or uppermost beds.

4718. Main ridge of Kettleman Hills, 4 miles north of Dudley-Lemoore road, on summit of 1,020-foot
hill, east side of sec. 11, T. 23 8., R. 18 E. Upper Mya zone, or uppermost beds.

4720. One mile due north of Light’s place in A venal Gap, on south side of hill (elevation 555 feet) in center
of SW. 4 sec. 8, 1. 24 8., R. 19 E. Very gypsiferous sand at base of upper Mya zone, or uppermost beds.

4722. Three-fourths mile southeast of Adolph Kreyenhagen’s on Zapato Creek, northwest corner of see.
16, T'. 22 8., R. 16 E. ' Upper Mye zone, or uppermost heds.

4723. South group of Kettleman Hills, on point of main ridge facing A venal Gap one-half mile east-south-
east of Light’s place, south side of SE. % sec. 17, T\ 24 8., R. 19 E. Upper Mya zone, or uppermost beds.

4724. Main ridge of south group of Kettleman Hills, 1 mile south of Avenal Gap, NW. } SE. 4 sec. 20,
T.248., R.19 E. Upper Mya zone, or uppermost beds.

4725. East side of Kettleman Hills, on 500-foot ridge at contact of Etchegoin and. Tulare north of sharp
turn ill; gud]ey-Lemoore road, southwest corner of sec. 8, 1. 23 8., R. 19 E. Upper Mya zone, or upper-
most beds. N

4728. On northeast border of Kettleman Hills, on southwest flank of 900-foot hill just east of old road,
in north part of sec. 35, T. 21 ., R.17 E. " Upper Mya zone at top of Etchegoin immediately underlying
Tulare fresh-water beds of 4731.

4729. About 13 miles east of Garza Creek, just north of road, at west foot of hill (elevation 1,174 fect),
southeast corner of NE. sec. 36, T.22 S., R. 16 E. Upper Mya zone, or uppermost beds.

4730. Central part of Kettleman Hills, on summit of 1,030-foot hill on main ridge 9% miles northwest of
Light’s place in Avenal Gap, center of sec. 3, T.23 8., R. 18 E. Upper Mya zone, or uppermost beds.

4736. Eastside of Kettleman Hills, east of Dudley-Lemoore road, NE. 3 SW. }sec. 17, T.23 S, R. 10 E.
Upper Mya zone just below fresh-water bed (Tulare) of locality 4737, uppermost beds. '

4741. In Kettleman Hills, 3% miles north of Dudley-Lemoore road on little hill (elevation 600+ feet),
northeast corner of sec. 12, T. 23 8., R. 18 E. In lower middle beds just above lower Mya zone.

4744. West of Canoas Creek, north of road leading to Zapato Creek, SW. 3 NW. § sec. 22, T. 22 S., R.
16 E. Upper Mya zone, uppermost beds.

f417‘4911 Oniridgc east of Garza Creek, in NE. }sec. 1, T.23 8., R. 16 E. Lower Mulinia zone, basal beds
of ltchegoin.

4750. On ridge east of Garza Creek, about 1,200 feet stratigraphically above 4749, SW. 1 sec. 36, T. 22 S.,
R. 16 E. Lower middle beds.

4751. On ridge east of Garza Creek and immediately west of road from Garza Creek to Big Tar Canyon,
NW. $sec. 36, T.22 8., R. 16 E. About 1,000 feet stratigraphically above 4750, or in upper middle beds.

4752. On ridge east of Garza Creek and immediately northeast of road connecting Garza Creek and Big
Tar Canyon, NE. } sec. 36, T. 22 8., R. 16 E. Upper Mya zone, about 1,000 feet stratigraphically above
4751, uppermost beds.

4753. On Waltham Creek 13 miles southwest of Coalinga, 200 yards north of Elmer Frame’s house. In
gray sandstone well up in Etchegoin formation, probably in middle beds.

4754. Waltham Creek, 13 miles southwest of Coalinga, three-fourths mile east of Elmer Frame’s
place. Gray sandstone 200 feet stratigraphically below 3849; probably in middle beds.

4755. About 4 miles south of Coalinga in Jacalitos Hills, SW. ¥ sec.21, T.21 8., R.15 E. Undifferentiated
lower or middle beds. -

4756. Vicinity of Henry Spring, 4 miles south-southwest of Coalinga, on east side of 1,900-foot hill, SW. }
sec. 18, T.21 8., R. 15 E. Lower middle or basal beds.

4757. Same locality, but 150 feet stratigraphically above 4756. Lower middle or basal beds.

4758. Samelocality, but 490 feet stratigraphically above 4756. Uppermiddle beds.

4759. Same locality, but 500 to 900 feet stratigraphically above 4756. Upper middle beds.
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4760. On old road crossing north end of Kettleman Hills, three-fourths mile northeast of 1,332-foot hill,
SE.} NW. }sec. 2, T.22 8., R. 17 E. In lower middie beds 1,900 feet stratigraphically below summit of
Etchegoin. About equivalent of lower Mya zone. )

4761. On ridge one-half mile south of junction of Jacalitos and Salt creeks, southeast corner sec. 31, T.
21 8., R.15 E. " Cardium bed at base of Etche%;)iu; about equivalent of Glycymeris zone; basal beds.

4762. Southwest of Coalinga district, in Waltham Valley, three-fourths mile east of Elmer Frame’s house.
Arca and Mactra bed, probably basal beds.

4763. Southwest of Coalinga district, on Stone Canyon-Waltham Creek road just west of Waltham Valley.
Probably middle beds.

4769. On east side of Canoas Creek just south of Hugo Kreyenhagen’s home, northwest corner of SW.
sec. 27, T.22 S., R. 16 E. Probable equivalent of the Glycymeris zone, or lower Mulinia zone, at contac
between Etchegoin and Jacalitos.

4778. About three-fourths mile east of Adolph Kreyenhagen’s house on Zapato Creek, west side of sec. 9,
T.22 8., R.16 E. Small Ostrea bed, about 100 feet stratigraphically below Mya bed at top of Etchegoin
formation in upper Mya zone.

4780.b0(111e-rourth mile west of locality 4778. Arca bed about 350 feet below summit of Etchegoin, in
upper beds.

4781. Arcas from north-central part of Kettleman Hills. Basal Mulinia beds. .

4782. On southwest flank of high hill (elevation 1,458 feet) east of lower part of Canoas Creek, at elevation
0f1,200feet, SW. 1 8W. 1sec.23,T.228., R.16 E.  Upper Mya zone, or uppermost beds.

4783. On the northwest bank of Canoas Creek, three-fourths mile below H. Kreyenhagen’s, 16 miles
-southeast of Coalinga, northeast corner of SW. % sec. 22, T.22 8., R. 16 E. 1In Ostrea bed 125 feet strati-
graphically below the top of the Etchegoin formation, in uppermost beds.

4799. Coalinga district; exact locality unknown.

4806. Two miles southeast of Coalinga, on north side of Alcalde Canyon, center of SW. % sec. 7, T. 21 8.,
R.15E. Glycymeris zone, near base of Etchegoin.

4857. Extreme southeast end of Kettleman Hills,in secs. 11 and 12, T. 25 8. ,R. 19 E. Pecten oweni
bed, probably lowest Etchegoin.

FAUNAL ZONES.

The lowest fossiliferous bed in the Etchegoin is in a zone in which
Glycymeris coalingensis Arnold and @. septentrionalis Middendorf are
exceedingly abundant; this zone is called the Glycymeris zone. Above
this are beds in which Mulinia densata Conrad is very abundant; this
is the upper Mulinia zone. Still higher in certain parts of the field
Echinarachnius gibbsii Rémond is very common, but other fossils rare,
and this is sometimes called the Echinarachnius zone. A few hundred
feet below the top of the Etchegoin is an exceedingly fossiliferous zone
in which Pecten coalingaensis Arnold is a common species, and this is
called the Pecten coalingaensis zone; above it and ‘practically at the
top of the Etchegoin is the upper Mya zone, characterized by numer-

" ous Mya japonica Jay. In the Kettleman Hills is another zone be-
tween the Mulinia and Pecten coalingaensis zones, in which Mya
japonica Jay is practically the only fossil; this is called the lower
Mya zone.

The Glycymeris zone, or zone of the basal beds, is characterized by
the two species of this genus previously mentioned, Diplddonta har-
fordi F. M. Anderson, D. parilis Conrad, Cardium meekianum Gabb,
and Pecten oweni Arnold. Locality 4806 is typical of this zone. The
localities representative of this zone are Nos. 4648, 4656, 4657, 4658,
4659, 4660, 4661, 4662, 4663, 4664, 4665, 4669, 4672, 4673, 4674,
4679 (in part), 4684, 4749, 4756, 4757, 4761, 4762, 4769, 4781, 4806,
and 4857.

The upper Mulinia zone, or zone of the-lower middle beds, contains
numerous Mulinia densata Conrad, Ostrea atwoodi Gabb, and Arca
trilineata Conrad. It is represented by the following localities:
Nos. 4643, 4671, 4675, 4676, 4677, 4678, 4679 (in part), 4681, 4682,
4683, 4688, 4690 (1), 4695, 4697, 4699, 4704, 4706 (%), 4707, 4713, 4741,
4750, and 4760.
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The Pecten coalingaensis zone, or zone of the upper middle beds, is
characterized by Pecten coalingaensis Arnold, P. wattsi Arnold and its’
_variety etchegoini F. M. Anderson, Terebratalia smithi Arnold, and
Ostrea vespertina Conrad. Locality 4712 yields a fauna typical of
this horizon. It is also represented by the following localities: Nos.
4693, 4696, 4698, 4702, 4703, 4705, 4709, 4710, 4712, 4714, 4715 (in
part), 4751, 4758, and 4759

The upper Mya, zone, or zone of the uppermost Etchegoin beds,
carries Mya japonica Jay, Littorina mariana Arnold and its variety
alta Arnold, Trochita filosa Gabb, and Solen sicarius Gould. Just
above the upper Mya zone is usually found a bed in which are
numerous Ostrea vespertina Conrad var. sequens Arnold. This zone
is represented at the following fossiliferous localities: Nos. 4670, 4701,
4708, 4711, 4715 (in part), 4716, 4717, 4718, 4720, 4722, 4723, 4724,

2795, 4798, 4799, 4730, 4736, 4744, 4752, 4778, 4780, 4782, and 4783,
The following localities are undifferentiated: Nos. 3849, 4700, 4753,
4754, 4755, 4763, and 4799.

ORIGIN OF THE ETCHEGOIN.

A study of the faunas of the various zones of the Etchegoin leads to
some interesting conclusions concerning the physical conditions under
which the strata were deposited at various times throughout the
Etchegoin epoch, and also to some important correlations, not only
with formations in other parts of the Coast Range but with horizons
of the Tertiary of the Eastern States.

The abundance of Arca in the Glycymeris and Mulinia zones leads
to the conclusion that the water in which the lower part of the Etche-
goin was laid down was somewhat warmer than that now prevalent
on the Pacific coast at the latitude of Coalinga.

Following the deposition of the two lower zones came a period in
which estuarine conditions prevailed over at least a part of the
Coalinga shore line, for in the Kettleman Hills is a bed in which are to
be found large numbers of Mya japonica Jay, a noted cold-water
species preferring mud flats. This Mya bed in turn is followed by
strata in which is a fauna having many characteristics in common
with the fauna of the Gulf of California provmce, a province that has
been subject to tropical conditions at least since the beginning of
Miocene time. It is therefore reasonable to suppose that a subsidence
and change of conditions to those favoring the immigration of warmer-
water species took place some time after the deposition of the middle
Etchegoin. These conditions were suddenly altered near the close
of the Etchegoin epoch, as is indicated by the fauna of the upper Mya
zone, which contains Mya japonica, Macoma inquinate, and Lit-
torina mariane (closely allied to the northern L. grandis Midd.),
species supposed to have been best suited to cold-water and possibly
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estuarine conditions. It is a noteworthy fact in connection with

"this late Etchegoin cold-water invasion that it exterminated most of
the species found in the subjacent beds, at least for the local Coalinga
province, and that Ostrea wvespertina Conrad, the only important
species of the preceding fauna which persisted into the last part of the
Etchegoin, was so adversely influenced by the new conditions that it
became a.dwarf of its former self and took up new characteristics at
least of varietal importance. The uppermost Etchegoin representa-
tive of the beautiful well-developed Ostrea vespertina is the dwarfed,
thin variety sequens. ‘

Other evidence showing the varying conditions which prevailed
during the latter half of the Etchegoin is to be found in the occur-
rence within the formation of curious bulbous growths of fishes, such
ds are later mentioned as occurring associated with the fresh-water
fossils in the basal Tulare. The lowest horizon at which they were
found is at locality 4697, from 1,600 to 2,000 feet below the summit, of
the formation. These occur alone, with marine fossils, or with fresh-
water fossils. At one horizon about 900 feet below the summit of the
Etchegoin, along the eastern foot of the main ridge in the southern
portion of the Kettleman Hills, abundant specimens of Goniobasis, a
fresh-water genus, were found in gypsiferous beds associated with the
curious fish bones. This horizon is represented by locality 4696, and
is about equivalent to that of Pecten coalingaensis. These bones and
shells indicate that a close connection existed between areas of salt
water and nearly if not entirely fresh water during much of the Etche-
goin period, and that, especially in the later portion of the period, con-
ditions were on the verge of becoming such as existed during early
Tulare time. The great thickness of inky-blue fine clay in the upper
portion of the Etchegoin of the Kettleman Hills below the sands of the
upper Mya zone is believed to have originated as fine delta deposits,
possibly subaerially and above the reach of the tide.

The presence of enormous quantities of Echinarachnius, accom-
panied by no other fossils, in some of the middle or upper middle
Etchegoin sands and of somewhat similar deposits in the upper Jaca-
litos indicates that at various periods throughout the upper Miocene
extensive shallow sand flats prevailed along the edge of the San
Joaquin sea. '

- CORRELATION AND AGE.

F. M. Anderson @ correlates the typical San Pablo beds of the Mount
Diablo province with the lower portion of the Etchegoin, and this
correlation agrees in general with that made by the writers. To be
more exact, it is believed that the upper Jacalitos and lower Etche-
goin are probably the equivalent of the typical San Pablo, and that

a Proc. California Acad. Sci., 3d ser., Geology;, vol. 2, p. 180.
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the upper Etchegoin is possibly younger than the latest San Pablo
and agrees in age more nearly with the lower part of the fossiliferous
Purisima formation on the southwestern flanks of the Santa Cruz
Mountains.®

The similarity of the fauna of the upper Etchegoin to the fauna
of the latest marine formation in the Carrizo Creek district of eastern
San Diego County and similar beds at Santa Rosalia and other
points in Lower California has led the writers to correlate the latter
with the Etchegoin, and on the basis of this correlation to suppose
that the upper Miocene sea occupied the upper end of the Gulf of
California depression. Thislast correlation is in agreement with that
of Gabb and Cooper, who considered the bed of Carrizo Creek to.be
Pliocene (some of their Pliocene now being recognized as upper Mio-
cene by the writers). The number of species common to the two
faunas is not large, but the abundance of the individuals and the
uniqueness of the forms compensate for this. Among the forms com-
mon to the two faunas are Ostréa vespertina Conrad, Pecter’ deserti
Conrad, and Neverita recluziana Petit. .

The similarity of Ostrea vespertina Conrad, Mytilus (Mytiloconcha)
coalingensis Arnold, and Pecten deserti Conrad, of the Etchegoin
fauna, to Ostrea sculpturata Conrad, Mytilus (Mytiloconcha) incurvus
Conrad, and Pecten ¢ibbus Linnaus var. concentricus Say, of the
Miocene and Pliocene of the Atlantic States, points strongly to a -
direct connection between the Atlantic and Pacific provinces during
the Miocene. If such a connection existed it was possibly through
southern Arizona and New Mexico and thence along the course of the
Rio Grande to the Gulf of Mexico, although it might have been
farther south.

The age of the Etchegoin in terms of the standard time scale is now,
and probably will be for some time to come, a question on which opin-
ions differ. F. M. Anderson and the writers agree on the general
correlation of the San Pablo and Etchegoin; about this there can be
very little doubt. But when it comes to assigning the San Pablo and
Etchegoin to the Pliocene, the writers differ with Anderson® and also
with Weaver. ¢

According to the list found in this paper the Etchegoin is repre-
sented by 84 recognizable species. Of these, 55 species or varieties,
or 65 per cent, are extinct, while but 29 species, or 35 per cent, are
still living in the Pacific Ocean. Accordlng to Lyell’s classification
this would place the formation decidedly in the Miocene. Further-
more, of the fauna of 18 recognizable species at locahty 4712, a fauna

typical of the upper part of the Etchegoin, 16 species and varieties,

a Arnold, Ralph, Proc. U. S. Nat. Mus., vol. 34, 1908, p. 353. -
b Proc. California Acad. Sci., 3d ser., Geology, vol. 2, pp. 180 et seq.; idem, 4th ser., vol. 3, pp. 28 etseq.
cBull. Dept. Geolpgy Univ. California, vol. 5, p. 269. -



140 COALINGA OTL DISTRICT, CALIFORNIA.

or 89 per cent, are extmct and only 2 spemes, or 11 per cent, are now
living.

In addition to the evidence presented above, which at best is
largely dependent upon the personal interpretation of the meaning
of species, there is the evidence of the position of the Etchegoin in
the geologic series of California. An examination of its fauna indi-
cates that its upper portion is equivalent to the lowest Purisima of the
western side of the Santa Cruz Mountains, and there is no question
that in places at least 4,000 or 5,000 feet® of strata separate this
lower Purisima fauna from the lower Merced fauna, and that between
3,000 and 5,000 feet of Merced (both Pliocene and Pleistocene) over-
lie the lower Merced fauna. Therefore it is evident that since the’
deposition of the Etchegoin enough time has elapsed for the deposi-
tion of between 7,000 and 10,000 feet of strata on the California
coast. Taking 25,000 feet as a conservative estimate of the total
maximum thickness of the Tertiary on the west coast, the 7,000 to
10,000 ‘feet, of strata above the Etchegoin would place the top of the
Etchegoin at least a third of the way down toward the base of.the
Tertiary. Hence, by this line of reasoning also, it seems more con-
sistent to place the Etchegoin in the Miocene than in the Pliocene.

IMPORTANCE WITH RELATION TO PETROLEUM.

"The Etchegoin formation is nowhere within the Coalinga district
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 south of Waltham Creek, in this and the other post-
Eocene formations, has an all-important bearing on such calculations.

: TULARE FORMATION (UPPER PLIOCENE-LOWER PLEISTOCENE).b
DEFINITION AND GENERAL DESCRIPTION.

The Etchegoin is overlain along the border of the valley by the
Tulare formation, a thick terrane of bedded but little-consolidated
gravel, sand, and clay, with occasional indurated layers throughout
and with associated beds of fresh-water shells, marl, and limestone
at the base. This terrane is the uppermost member of the series

a See Santa Cruz folio (No. 163), Geol. Atlas U. 8., U. S. Geol. Survey, 1909.
b Described in the preliminary report on this district, Bull. U. S. Geol. Survey No 357, under the
uarne Paso Robles formation.
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of upturned formations exposed in the monocline on the eastern
flank of the Diablo Range. It differs materially from the forma-
tions so far described in that the origin of its greater portion is’
doubtful, being in part fresh water, in part marine, and in part -
probably subaerial. In the Kettleman Hills, where these beds are
best exposed, the basal sand, which appears to lie conformably
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 nonfossiliferous except at
one horizon near the summit, at which a few marine fossils have
been found. (See fossil locality 4743.) Along the foothills west
and northwest of the Kettleman Hills the basal fresh-water beds
have not been recognized and may be lacking. There gravel and
sand beds belonging to the same series overlie the Etchegoin with

local appearances of unconformity.

This whole series of tilted beds overlying the Etchegoin is here
referred to and mapped as one formation for the reason that it appears
to be a continuous succession and can not be consistently subdi-
vided. It was formed under varying conditions of deposition, but
the indications are that it represents a nearly continuous if not.
wholly uninterrupted period. Its accumulation began in the
Pliocene epoch, probably in the earlier portion, and is thought to
have continued;,into the Pleistocene. Its summit may be con-
sidered as the highest bed markedly displaced from its original atti-
tude by the uplift' which threw the formation into folds. It is
unconformably overlain by the more recent horizontal terrace
deposits and alluvium. :

The highest exposed portion of the formation 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 does not
outcrop. It is probable, however, 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, to be described more fully below, by its mar-
ginal position along the valley, and by the prevalence in it of promi-
nent beds of bowlder gravel, which is more coarse and abundant
than in any of the other Tertiary formations. Otherwise this forma- .
tion resembles some of the others closely, and it is in many places

difficult to differentiate them.

PREVIOUS DESCRIPTIONS.

This formation was named Tulare by Frank M. Anderson in his
paper entitled “A stratigraphic study in the Mount Diablo Range
of California.”* He stated that it is a fresh-water formation fully

a Proe. California Acad. Sci., Geology, vol. 2, 1905, No. 2.
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1,000 feet thick lying conformably upon the Etchegoin formation
in the Kettleman Hills. It was originally mentioned by W. L. Watts,2
‘who gave a section of the beds and included a list of the fresh-water
shells collected from them by him and identified by J. G. Cooper.
He described the occurrence of similar fresh-water deposits in the
region of McKittrick farther south, which are possibly to be cor-
related with these. In the same year Cooper described the fossils
collected by Watts in these deposits and gave notes on their occur-
rence.?

The formation here described as the Tulare was referred to in
the preliminary report on the Coalinga district °© as the “Paso
Robles,” owing to its supposed equivalence to that formation, which
had been named ¢ earlier than the Tulare. The correlation was based
upon the similarity in stratigraphic position and lithology of the beds
in the Coalinga district to those spreading over the summit region
of the Temblor Range, between the Polonio and Palo Prieto passes,
about 15 miles southwest of the southernmost exposures in the
~ Kettleman Hills. These beds in the Temblor Range seemed to be
continuous with and to answer the description given by Fairbanks
of the Paso Robles formation in the Salinas Valley. The formation
there was originally named from the town of Paso Robles, and
described as a probably fresh-water Pliocene formation of uncon- -
solidated beds at least 1,000 feet thick, spreading widely over the
Salinas drainage area and extending nearly or quite to the divide
(the Temblor Range) between Estrella River and the San Joaquin
Valley. It wasstated by Fairbanks to lie unconformably upon the
San Pablo formation, by which was meant the Santa Margarita.

Subsequent study of the Salinas Valley deposits, carried on by the
junior author during the autumn of 1908, has shown that at least the
lower portion of the beds there to which the name Paso Robles
was applied are of marine origin and equivalent to a part of the
upper Miocene succession in the Coalinga district described in the
present paper as Jacalitos and Etchegoin. As yet no fossils have
been found in the upper portion of the Paso Robles formation, and
this portion may prove to be of fresh-water origin, as stated in
Fairbanks’s original description, but in view of the fact that no
stratigraphic break in the succession of Paso Robles beds has been
found, the discovery of the marine origin and the approximately
San Pablo age of the lower portion tends to cast doubt upon the
propriety of the adoption of the name Paso Robles in the Coalinga
field. 1t is not certain that the upper portion of the Paso Robles

a The gas and petroleum yielding formations of the central valley of California: Bull. Callfomia State
Min. Bur. No. 3, 1894, pp. 55, 67.

b Proc. Ca]u‘orma Acad. Sci., 2d ser., vol. 4, 1894, pp. 167-169.

c¢Bull. U. 8. Geol. Survey No. 357, 1908.

@ Fairbanks, H. W., San Luis folio (No. 101), Geol. Atlas U. 8., U. 8. Geol. Survey, 1904.



TULARE FORMATION. 143

formation farther west is equivalent to any part of the post-Etchegoin
formation in the Coalinga district; and at any rate this portion
~ has a thickness of but a few hundred feet at most, so that it could
hardly represent a great part of the important formation in the
Coalinga district. Hence the designation of this formation as the
Tulare is appropriate.

DISTRIBUTION AND LOCAL CHARACTER.

TULARE IN THE KETTLEMAN HILLS.

The area covered by the Kettleman Hills is the only one in which
the Tulare is at all completely exposed. This area therefore forms
the basis for most of the discussion of the formation given here and
may be considered as the type locality. As shown on the map,
the Tulare occupies 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 Etche-
goin and Tulare formations are apparently conformable, and in -
places 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 these in turn to fresh-
water conditions. In some places, at least, the estuarine upper Mya
beds which are constant at the summit of the Etchegoin appear to
grade into the fresh-water beds above.

As an example, a characteristic occurrence at the northern corner
of the hills (at fossil localities 4716 and 4740) may be described.
There a thickness of about 75 feet at the summit of the Etchegoin
consists of unconsolidated fine gypsiferous sand containing at the
base a great many Arcas, etc., and at the top an abundance of delicate
little oysters in fine grayish-white, ashlike sand and earthy, sandy
clay full of gypsum. The oyster sand is overlain by and seems
almost to grade into a bed a few feet thick of brittle, porcelaneous
and opaline, black, brown, gray, and variously colored siliceous
shale that weathers to a bluish-white tint and is locally soft and
chalklike. It bears some resemblance to the ‘““indicator’” bed in
‘the Vaqueros north of Coalinga and to the various other occurrences
of diatomaceous and porcelaneous shale already cited, but it is not
‘certain that it had a similar origin. This bed is overlain by a zone
of sand and pebbles about 20 feet thick that is full of strangely
shaped flinty fossil bones of purplish and black color. Three vari-
eties of these are shown in Plate LII. Some of these bones have
been recognized, with the aid of Mr. J. W. Gidley, of the United .
States National Museum, Dr. D. S. Jordan, of Stanford University,
and Dr. J. C. Merriam, of the University of California, as being the -
bulbous growth from the anterior portion of the back or the anterior
end of the ventral fin, and others as spines of some fish or different



144 COALINGA OIL DISTRICT; CALIFORNIA.

fishes. Not even the order to which these belong is determinable
and they may be either marine or fresh-water fishes. Some asso-
ciated petrified fragments resemble copralites, and there are likewise
fragments closely resembling the teeth of mammals. Bones of the
same character have been mentioned as associated with both marine
" and fresh-water fossils in the Etchegoin (fossil localities 4695, 4696,
4697, 4699, and 4741). Associated with the bones in the locality
that is being described are minute fresh-water gasteropods, and one
small oyster similar to those in the beds below was found on the sur-
face together with the other fossils. If oysters are in place in this
bed they indicate an alternation of brackish and fresh water condi-
tions. dJust above the bed with. bones and other fossils comes a
zone of fine gray sand with scattered pebbles and some clay full of
fresh-water shells, such as Anodonta, etc., and containing likewise -
specimens of the strange bones in smaller numbers than the bed
below. Above this fresh-water zone, which is here altogether about
100 feet thick, the formation is not fossiliferous.

The preceding paragraph describes the contact zone between the
Etchegoin and Tulare formations as it occurs at one place in the
northern part of the Kettleman Hills, and although minor variations
are to be found at every other locality the essential points are the
same. As this description shows, the division is no sharp one and
it is possible that a gradual change to fresh-water conditions took
place and that the formations intergrade. The line of contact
between the two formations is drawn at the top of the porcelaneous
shale bed because that bed appéars to be represented farther south-
east by a bed of soft white sand containing oyster shells. In the
central and southeastern portions of the Kettleman Hills this contact
bed of shale has not been recognized definitely, but the upper
Mya beds are at many places characterized by the inclusion of layers
of white siliceous shale that may represent a similar process of depo-
sition. The succession of fossils in the Mya beds is not everywhere
as given in the paragraph above, the oysters in some localities,
notably farther south in the Kettleman Hills, being absent at the
top and more abundant below the beds with Mya, Arca, Littorina,
etc. It is also true that a fossil bed does not everywhere come
within a few feet below the fresh-water beds, as for instance in the
central and south-central part of the hills, where a zone of inky-
blue clay over 50 feet in thickness intervenes between the beds with
Mya, etc., and those with fresh-water shells. Nor does the bed
full of strange bones generally come below the Anodonta bed. The
latter is more commonly found immediately overlying the Mya and
oyster beds, and the pebble beds with bones, in turn, lie above
this. The contact zone is locally marked |by thin hard beds of
limestone and hardened sandstone formed of the fresh-water fossils,
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and an earthy rock with oolitic structure due to the small gastero-
pods that make up more than half its bulk. Beds of this character
at the contact form the high ridge or line of hills that parallels the
valley for much of the way along the northeast flank of the Kettle-
man Hills (fossil localities 4721 and 4731).

The thickness of the basal fossiliferous zone of the Tulare is usually
no more than 60 to 100 feet, although it is as much as 300 feet on the
southeast side of the Kettleman Hills a few miles northeast of Avenal
Gap. These variations from place to place indicate the variable
shallow-water conditions of deposition that prevailed at the beginning
of Tulare time; yet the constancy over at least the whole area
occupied by the Kettleman Hills of the estuarine and perhaps brack-
ish-water fauna at the top of the Etchegoin and of the fresh-water
fauna just above it shows over what extent the continuous depos1t10n

of the material of each of these zones took place.

The only fossils found in the Tulare at a higher horizon than the
basal zone are of marine origin and occur in the upper portion of the
formation (fossil locality 4743). Their stratigraphic position is shown
in the tabulated section given below (p. 147).

Above the basal zone the Tulare formation consists of a contin-
uous unvaried succession of alternating zones and beds of uncon-
solidated light-gray and yellowish fine sand, sandy clay, light and
dark clay, coarse darker-gray sand, 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 structure, 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 the disturbed position of its beds.

A marked feature of the gravel is the predominance in it of sub-
angular fragments of hard white siliceous shale derived presumably
from the shale either of the Tejon or of the Santa Margarita (?) for-
mation.” This shale is very resistant and lends itself remarkably to
preservation in younger deposits of gravel and débris.

The gravel deposits southwest of the Coalinga district, along the
Temblor Range south and west of Antelope Valley, which are believed
to be equivalent in age to the Tulare, are likewise characterized by
the predominance of inclusions of s1m11ar shale. On the Temblor
Range this shale comes from the formation that is continuous with
the Santa Margarita (?) described along Reef Ridge, and it is there-

88170—Bull, 398—10—10 '
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fore probable that the Tulare in the Coalinga district derives at least
a large part of the shale pebbles from that formation. These pebbles
have in general been subjected to only a moderate amount of erosion
and resemble in this respect the similar fragments derived from the
Santa Margarita (%) that are abundant in the recent alluvial deposits
and are scattered over the surface of the country both near and far
away from their source.

The other pebbles and bowlders in the gravel beds of the Tulare
are of many different types of rock and were probably derived chiefly
from the Coast Ranges, Many of them are angular and have been
subjected to little wear before being deposited. Rocks of a granitic

- type are very common, and also serpentine, porphyries of different
kinds, several varieties of basic igneous rocks, both fresh and con-
siderably altered, jasper, sandstone, conglomerate, quartz, schist, etc.

On the summit of the most southwesterly ridge of the Kettleman
Hills bowld s full of fossils characteristic of the Vaqueros beds on
Reef Ridge, particularly Pecten andersoni, were found in the Tulare
formation. Bowlders of exactly the same type are common in the
upper Mya zone at the top of the Etchegoin, and this may be taken
as a further indication of the close relationship between the summit
beds of the Etchegoin and the Tulare, inasmuch as the materials were
derived from the same source and, to judge by these bowlders, from
almost exactly the same locality. These bowlders give a good illus-
tration of the profound unconformity existing between the Vaqueros
and these later Tertiary formations. The siliceous-shale fragments
are likewise common in the upper Etchegoin, although not present,
as far as observation has gone, in the earlier beds, which proves that
the. original shale formation, probably the Santa Margarita (%), was
exposed to erosion during at least the hter Etche001n and the Tulare
periods.

The lower beds of the Tulare 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 descending
from the summit to the valley. These may be distinguished upon
the topographic map. This zone probably occurs at a slightly vari-
able horizon, ranging from about 500 to 800 feet above the base of the
formation. It is in general higher toward the south and may thus
indicate a thlckemng of the formation in that direction. Above
this zone are various other prominent gravel zones.

- The following tabular sections represent the character of the forma-
" tion in that part of the Coalinga district in which it is most com-
pletely exposed. In each place the section was stdrted at the edge
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of the 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 con-
servative to add at least 150 feet to the total thickness given to
represent the summit beds there.

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 Tulare formation 9 miles northwest of Avenal Gap.

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

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

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

ings of gypsiferous sandstone............ . ... .. . ..ol 300
Similar clay interbedded with pure sand, gravelly sand and sandstone layers,

with a hard sandstone bed at base................ ..l 75
Compact drab, gray, and straw-colored coarse and finesand.................. 200
Thin layers of gravel and coarse sands with a bowlder bed several feet thick

R 7Y 75
Pure fine sand similar to that above, with hard sandstone layers............... 125

Mostly gravel composed in large part of fragments of hard white siliceous shale,

interbedded with sand and sandy clay, and with hard sandstone beds at top

AN DASE. et e 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 -

inclusions of hard white siliceous shale and the gravel is largely composed .

07 225
Pure clay and sandy clay.. ... ... . L. 75
TFine 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

T T 75
Drab sand with some pebbles and with gravel and hard sandstone beds at base.. 150"
Sand and clay and a few hard sandstone beds.............. ... ..l 375
Gravelly sand. ... o e 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 Mya beds of the Etchegoin.............. 50

2, 400

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

Section of Tulare 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 individual beds and in spots. Some sand and gravel beds are lenticular.
One hundred feet below the top are two co-:sesand beds 15 feet apart contain-
ing a few specimens of Ostrea and Littorinz, marine fossils (locality 4743)... 400
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. Yellowish-gray earthy sand, sandy clay, and clay in well-defined massive beds, Heet
with some pebbly sand..... . ... . il 650
Dark Clay ... e 75
Thick zone of pebbly sand.. ... ... . ... . ... .. ... eeemeeaals 150
Chiefly dark clay ... ... e 150
Yellowish-gray fine sand yielding whitish surface sand..................... .. 75
Pebbly sand. .. ... e 70
Sandy clay........... e eeeaeieaeaaas 80
Chiefly fine gray sand, alternating with pebbly sand, sandy clay, and clay; 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 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

The beds near the base of the Tulare are tilted as high as 40° and
45° in the south-central part of the hills on the southwest flank of
the anticline, but toward the edge of the hills the dip gradually
decreases. On the northeast flank of the anticline and in the north-
ern and southern parts of the hills the dip is not as steep as this.
Furthermore, the belt of exposed béds is not as wide elsewhere as in
the part of the hills-where the above sections were made and there- -
fore no approach to the total thickness can be measured elsewhere.
In the section in the northern part of the hills given in figure 5 the
thickness is much less, the upper portion of the formation being
presumably buried beneath the plain. Thence southward toward
Avenal Gap the exposed section grows constantly thicker. This fact
may be due in part to a thickening of the formation southward in the
same manner as the Etchegoin thickens, but no proof of such a change
.can as yet be offered.

TULARE IN THE KREYENHAGEN AND JACALITOS HILLS.

The Tulare 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 thwkness toward the south,
but here this difference is even more pronounced. The beds have a
dip of only a few degrees northwest of Zapato Creek, and form a com-
paratively narrow belt to the point:where they are overlapped by the
alluvial deposits of Pleasant Valley. South of Canoas Creek they
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 Kettle-
man Hills, but the basal fossiliferous beds have not been found. The
formation is chiefly characterized by its heavy gravel deposits,
which, contrary to the rule in the Kettleman Hills, in places rest
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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 Tulare has overlapped upon the Etchegoin.
North of Zapato Creek an unconformity between the Tulare 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 Tulare is sand and clay and is not strongly char-
acterized. Its basal line is assumed to be at the top of a zone of
white nodular shale beds interbedded with sand containing the
strange bones mentioned before as occurring both in the Etchegom
and Tulare in the Kettleman Hills. This zone may be the equiva-
lent of the white shale at the contact of the two formations in the
northern part of the Kettleman Hills. The flinty nodules contained
in this zone, which are similar in appearance to nodules and laminz
occurring at about if not exactly the same horizon elsewhere in
the Kreyenhagen and Kettleman hills, are made up of 88 to 89 per
cent of silica, according to an analysis by R. C. Wells, of the United
States Geological Survey. They contain only a trace of lime. The -
Etchegoin and Tulare appear conformable in the southern part of the
Kreyenhagen Hills. The latter formation has a thickness of at least
2,000 feet and probably much more. ‘

TULARE IN THE GUIJARRAL HILLS.

In the northern part of the Coalinga district the Tulare is doubt-
less continuous beneath the valley floor but does not appear definitely
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 in these low hills are almost
horizontal, but appear to dip slightly toward Pleasant Valley and
Polvadero Gap, giving the surface the appearance of a plane 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.

ORIGIN OF THE FORMATION.

The transition from salt to fresh water conditions that took place
at the beginning of the Tulare period has been discussed, but it is
uncertain what conditions prevailed during the subsequent period
during which the great bulk of the formation was deposited. After
the deposition of the fossiliferous fresh-water beds the process of
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change continued further and culininated in a fairly constant set of
conditions that were prevalent during the greater part of Tulare time.
The change may have brought about a deepening of the body of
fresh water, or a return of the sea over the same area in which this
formation was laid down, or, most probable of all, the transition may
have simply reached its natural conclusion in the establishment of
land conditions. - . .

Lithologically, the Tulare is somewhat similar to the marine Ter-
tiary formations in which unconsolidated strata are common, but the
absence of fossils, which are so abundant in those marine formations,
makes it doubtful whether ahy great part of it is of marine origin. Its
constituent materials show that it was formed at no great distance
from their source and that, if marine, it must have been littoral. It
is hardly supposable that near-shore marine or lacustrine deposition
could have continued throughout the long period represented by this
formation, either of marine or fresh-water character, without fossil
remains being left, as they were in the case of the earlier formations
and of the basal fresh-water zone. The presence of the marine fossils
noted in the second section above proves that the sea gained access to
the basin in which the formation was laid down for a short time, at
least, in the later portion of the period. It is not improbable that
similar temporary incursions of the sea occurred at other times.

The Tulare beds exhibit still greater resemblance to the more
recent horizontally stratified deposits of stream wash, wind-blown
dust and sand, etc., forming the surface of the floor of the Great Valley
and the various small valleys along the border of the Diablo Range.
These deposits consist of earthy clay, sand, gravel, and fragmentary
matter and find their counterpart in the beds of the Tulare. On the

basis of this analogy and the general absence of fossils in the main
part of the Tulare, it may be assumed that a large part of the forma-
tion was subaerial in origin, being the accumulation in the basin
between the Sierra Nevada and Diablo ranges of the material worn
from them during a long period of time.

The Great Valley of California is structurally a geosynclinal trough
that must have been undergoing a process of filling during much .of
Tertiary and Quaternary time. A large part of all the material
washed from the eastern flanks of the Coast Ranges and the broad
western face of the Sierra Nevada during this period must have
found lodgment in it. During the late Tertiary and the Pleistocene
the valley was probably similar to that of to-day and the deposits
were forming in it as now. When the movements took place during
the Pleistocene the valley deposits were uplifted in places along the
border and exposed as the formation here described under the name
Tulare. During the period since that time aggradation in the large
and small valleys of this region has continued, and if the border of
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the Great Valley and the filled synclinal basins along the present
eastern side of the Diablo Range should now be subjected to uplift
a thick subsequent formation resembhng the Tulare would be brought,
to light. Such a formation would be in part made up of material
derived from the Tulare and in some places would be decidedly
unconformable, though in others perfectly conformable and continu-
ous with it. '

The occurrence of the mollusks and fish bones in such various asso-
ciations and their final disappearance lend probability to the view
that the later Etchegoin and early Tulare period was one of varying and
possibly alternating estuarine, tide-marsh, and lake conditions, chang-
ing gradually to those of dry land. Such a change would be brought
about by aggradation alone or by gradual uplift, whereas a theory
of any other change would involve the assumption of complicated

movements. ,

The body of fresh water occupying the area of the present Kettle-
man Hills at the beginning of Tulare time, as indicated by the fossils,
must have been shallow and must have extended over an almost
level surface. It may have been very much such a lake as the present
Tulare Lake, in which mollusks similar to those that inhabited the
Pliocene lake are now living. W. L. Watts® gives a. list.of fresh-
water shells obtained from beds at McKittrick, in Kern County,
about 40 miles south of the south end of the Kettleman Hills. If
these represent the same horizon as the basal beds of the Tulare
they prove a great extent for the lake of that period. The absence
of fresh-water fossils higher in the formation in the Coalinga district
proves that this shallow lake did not persist as such. It either
. deepened or vanished. If it deepened to such a depth as to preclude
the existence of organisms such as would be preserved in the sedi-
ments at its bottom, it is strange that the deposits should have been.
so coarse, and it would be expected that fossils would be found
somewhere along the belt that must have been nearer the shore, as
for instance in the deposits that lap up over the Etchegoin west of
the Kettleman Plain. And if such a great thickness of beds is con-
sidered as having been deposited in a deep lake it is necessary to
postulate the existence of an unbroken barrier between it and the
open ocean. The marine fossils noted in the second section above,
in the upper part of the formation, represent an incursion of the sea
that was probably brief. The beds above and below the zone of
these fossils are similar and probably originated under the same
conditions. If those below are supposed to be of deep-lake origin,
it must be supposed, to be consistent, that the opposition to the
entrance of the sea was temporarily overcome and then reestab-
lished. :

a Bull. California State Min. Bur. No. 3, 1894, p. 49.
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The most natural conclusion regarding the Tulare period in the
central valley is that it was for the most part one of land conditions
somewhat similar to those prevailing to-day, and that the strata
were formed subaerially as widespreading deposits of the streams
descending the mountains on either side of the valley. There were
probably various secondary transporting and sorting agencies, such
as gravity, winds, floods, and temporary lakes.

Fairly constant subsidence probably went on, keeping the surface
of the filling basin near the level of the sea, and at times allowing
the sea to enter, as a result of a slight disturbance of the equilibrium
maintained between aggradation and subsidence. There is no
known reason for believing that at any time a structural barrier
across the Great Valley determined a sharp line where land, lake,
river, or tide-marsh conditions ended and sea began.

In the collection of Stanford University there are some marine
fossils that were obtained at a depth of 1,058 feet in an artesian well
at the east edge of Tulare Lake (in sec. 12, T. 22 S., R. 22 E.).¢
Among them are many good specimens of Ostrea lurida Carpenter,
together with fragmentary shells, one a small shell resembling
Mactra or Venus and another a piece of a coarse hinge resembling
that of Mulinia. The matrix is medium-grained, clay-colored,
fairly well cemented sand, containing subangular fragments of
white siliceous shale.” W. L. Watts? cites a well boring near Tulare
Lake in which fresh-water fossils were found at a depth of 1,058
feet. It would appear to be the same instance, but his reference-
to the shells as fresh-water was probably not based on his own obser-
vation. F. L. Ransome® cites an instance at Stockton of fresh-
water shells found at a depth of 600 feet. Such occurrences are
more in keeping with the theory of occasional encroachment of salt
water, and of local fresh-water deposits formed in marshes or in

temporary shallow lakes, like the present lakes in the southern end
* of San Joaquin Valley, than with the theory of the long-continued
occupation of the basin by the sea or by a large, deep lake. It is not
known whether the wells cited had reached the Tulare formation
at these depths, for where the deposits forming the valley floor are
undisturbed it would be impossible to distinguish between the beds
limited by the arbitrary boundaries of the Tulare and the later
sediments into which they must grade. But the question of origin
is believed to be the same for the Tulare as for the subsequent deposits.

According to the theory of the origin of the Tulare above outlined
the formation would grade seaward into an equivalent with more
and more abundant estuarine elements and finally into a littoral

¢ They were sent in 1892 by Mr. Harvey G. Anderson through Mr. S. A. Blythe, and have been obtained
for examination through the kindness of Prof. J. Perrin Smith.

b Bull. California State Min. Bur. No. 3, 1894, p. 20. .

¢ Bull. Dept. Geology Univ. California. vol. 1, 1896, p. 381.
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marine formation. It is beheved that the latter is Iepresented in
the Merced formation on San Francisco Peninsula.

.

FOSSILS AND AGE.

FOSSILS.
The only impor-fa,nt fossiliferous zone in-the Tulare is that at the
‘base, which may be called the Anodonta zone, because of the abun-

dance in it of fresh-water mussels of this genus. The following species
“have been found in the Tulare formation in the Coalinga district:

Tulare ( Pliocene-lower Pleistocene) fossils from the Coalinga district.

Name.

4715.
4721
4731.
4737
4738
4739.
4740.
4743

PELECYPODA.

Anodonta kettlemanensis Arnold...._... ........ ... | X
Gonidea coalingensis Arnold and va X
Ostrea lurida Carpenter............
Spheerium cooperi Arnold...... .
Spheerium kettlemanensis Arnold. ...l RN P

XX XX
X!

GASTEROPODA.

Amnicola andersoni Arnold....................... O ) P P S
Amnicola sp.. ... ..ol N

Carinifex marshalli Arnold...........................
Goniobasis kettlemanensis Arnold
Goniobasis nigrina? Lea...................... SO
Littorina cf. mariana Arnold......................... Y PP P
Physa humerosa Gould ...l
Physa wattsi Arnold............... ...
Planorbis vanvlecki Arnold

XXX X XX

PISCES.

Fish, bulbous growths. .. ...ooeiiiii it e X XX X
Fishspines.............oooiiiiLL e JRPUY PN JURON IR DN PR DR S

4715. South end of Kettleman Hills, sec. 10, T.25S., R. 19 E. The marine and fresh-water fossils at this
{fc?lity are more or less mixed owing to their scattered occurrence over the surface of the eroded upturned

eds.

4721, Northeasl: border of Kettleman Hills, 4 miles west of Tulare Lake, on summit of 758-foot hill, NE. }
sec. 15, T. 22 8., R. 18 E. Fresh-water zone at base of Tulare.

4731. Northeast border of Kettleman Hills, near northwest end, on top of hill (elevation 905 feet) just east
of olld roa.dzémd cabin, NW, 1 NE. { sec. 35, .218., R.17 E. Fresh-water zone just above oyster bed of
locality 47

4732. About 2 miles from northwest end of Kettleman Hills, on sputh side of main ridge, 14 miles north-
west of 1,245-foot hill, SW. 1 NE. ;sec. 30, T. 21 S., R. 17 E. Fresh-water zone at base of T'ulare.

4735. Central part of Kettleman Hills, on southwest side, 1 mile southwest of 1,370-foot hill and one-third
?ile nro{thlwest of oil derrick, in center of south line of SW.. ; sec. 19, T. 22 S., R. 18 E. Fresh-water zone at

ase of Tulare.

4737. Eastside of Kettleman Hills, east of Dudley-Lemoore road, NE.}SW. tsec.17,T.238.,,R.19E.
Fresh-water zone overlying upper Etchegoin bed of locality 4736.

4738. In Kreyenhagen Hills, 20 miles southeast; of Coalinga, one-fourth mile east of 135. M. 872 feet just
south (:]f Fl Cerrito well, SE. } NW. % sec. 14, T. 23 8., R. 17 E. In white shale zone at base of Tulare, as
mappe:

4739. Same general locality as 4738, on point of 900-foot hill, nearly 1 mile northwest of B. M. 872 feet, SE. }
sec. 10, T. 238, R.17E. At contact of Etchegoin and Tulare.

4740, Near northwest end of Kettleman Hills, 2 miles north-northwest of 1 245—footh|]1 east of center of
SWl 1 seclgo T.21 8., R.17 E. Fresh-water zone just above Etchegoin oyster beds and white shale of
locality 47

4743. On west side of Kettleman Hills, along Dudley-Lemoore road, in steeply dipping beds of pebbly
sand exposed in bed of arroyo, 1,000 feet up gully from edge of plain, in horth part of SW.%sec. 35, T. 23 8.,
R.18E. About 2,500 feet above fresh-water zone at base of formation.

FAUNAL RELATIONS AND AGE,
A comparison of the above list with the lists of species from the

same locality prepared by J. G. Cooper® shows a marked discrepancy
between the two. This is caused by the different identifications of

a Proc. California Acad. Sci., 2 ser., vol. 4, May 26, 1894, p. 167" Bull. California State Min. Bur. No. 3,
1894, p. 55; Proc. California Acad. Sei., 3d ser., Geology, vol. 2, 1905, p. 180.

e
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Doctor Cooper and the senior author of this report. Cooper identified
the Kettleman Hill species, with the exception of two forms, as
species now living, while Arnold, after a careful comparison of the
fossils with the series of recent fresh-water mollusks in the United
States National Museum, decided that with three exceptions the
fossils were new, although in most cases allied to recent forms. A
comparison of the two lists discloses the following relations:

* Cooper’s identification. . Arnold’s identification.
Anodonta decurtata Conrad.............. Anodonta kettlemanensis Arnold.
Anodonta nuttalliana Lea.... .. .........Probably same as above.
Amnicola turbiniformis Tryon ... . . . . ....Amnicola andersoni Arnold.
Carinifex newberryi Lea ...............Carinifex marshalli Arnold.
Goniobasis occata Hinds............. ... .Goniobasis kettlemanensis Arnold.

Goniobasis nigrina (?) Lea.
Margaritana subangulata Cooper. . . ......Gonidea coalingensis Arnold.
Gonidea coalingensis var. cooperi Arnold.
Physa costata Newcomb. ... ... ........Physa wattsi Arnold.
Physa humerosa Gould.
Planorbis tumens Carpenter. . ........... Planorbis vanvlecki Arnold.
Spheerium dentatum Haldeman. . . . ...._Sphsrium cooperi Arnold.

Spheerium kettlemanensis Arnold.

This fauna indicates that the basal Tulare in the Coalinga district
is possibly older than the lowest known fossiliferous beds in the
Santa Clara formation of the Santa Cruz region and certainly very
much older than the fresh-water fossils from the Colorado Desert of
southern California. In fact, the basal Tulare is believed to be the
fresh-water equivalent of the San Diego formation and lower Pliocene
in age. About 2,500 feet above the base of the Tulare Ostrea lurida
Carpenter, a species so far known only from Pleistocene and Recent

faunas, has been found. This fact is interpreted as indicating a
recurrence of marine or estuarine conditions during late Tulare time
and the extension of the formation into the Pleistocene.

IMPORTANCE WITH RELATION TO PETROLEUM.

The Tulare formation does not come into contact with the oil-bearing
formations and contains no traces of oil. Over most of the area in
~which it occurs it is separated by so great a thickness of deposits
from the productive zones that its mere presence is usually safﬁment
to indicate the inaccessibility of the 011

TERRACE DEPOSITS AND ALLUVIUM (QUATERNARY).

CHARACTER AND EXTENT.

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, extending over the bot-
toms of the smaller valleys and over the lower slopes of the foot-
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hills. The larger areas of these deposits are shown on the map
(PL. I), but the minor ones where the deposits form only a thin film
over the earlier formations have not been shown. In fact, they
would be very difficult to distinguish in many places. In the large
valleys it is probable that these deposits have a thickness of several
hundred feet at léast, as the late period has been largely one of aggra-
dation over these basins. Elsewhere the deposits are merely super-
ficial and the smaller valleys and canyons are characterized rather
by the absence than by the presence of recent fillings. The smaller
valleys show evidences of several terraces along their sides, some of
these being much better preserved than others. Along portions of
Zapato Creek, as shown in Plate IV, A, six or seven terraces may be
counted, including one at the summit of the foothills that is of wide-
spread importance. These terraces are frequently covered with
stream gravel and sand, and such materials are widely scattered over
the lower portions of the foothill belt, their presence tending to con-
fuse the geology where it is not determinable whether they are of
fluviatile origin or are derived from weathering of the underlying
rocks. 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 are 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.

A small sand ridge, appearing to be the relic of an old beach line of
Tulare Lake, has already been mentioned under the subject of topog-
" raphy. It owes its present position in part to the decrease in area
and depth of the lake and in part to the relative uplift of the area of
the Kettleman Hills. ’

VALLEY ALLUVIUM.

The nature of the deposits covering the valley floors has been
referred to in connection with the Tulare formation, to which they
are similar. ‘The exposures of these deposits afforded by the shallow
channels of the streams flowing across the plain are limited to the
uppermost layers, but it is probable that these give a fair represen- °
tation of the character of all of the post-Tulare beds. A typical
exposure is pictured in Plate XII, A. A feature of the Quaternary
deposits is that they are not predominantly coarse, but on the con-
trary are composed largely of fairly even grained sand and clay, often
of an earthy appearance, horizontally stratified in intetgrading zones
rather than beds. Lenses of gravel and gravelly sand are inter-
calated. Iven near the hills in the gradually sloping alluvial fans
the deposits are largely of fine materials, being in great part derived
from soft formations. But masses of coarse débris containing
bowlders, fragments, and concretions from the older formations are
also common.
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" LOOSE SOIL.

The soft surface sand and clay, whether originating through
residual weathering or brought from a distance, or even where in
place as a part of the underlying formation, is characteristically
porous and crumbly. It is in many places and over large areas so
soft that a horse can not step on it without sinking in over his hoofs
or considerably deeper. This looseness of the soil is due to the com-
plete desiccation to which it is subjected during most of the year.
In the Kettleman Hills and Plain the difficulties of travel due to
this cause are aggravated by the myriads of rodent burrows with
which the surface is riddled. The ground caves in undei a horse
‘every little way.

STREAM CONGLOMERATE ON WHITE CREEK.s

During late Quaternary time deposits of hard conglomerate have
been in process of formation along the bed of White Creek and are
still being formed. The creek flows from an area of serpentine and
other metamorphic rocks and carries much mineral matter, which
it deposits as the water evaporates, forming a white coating on the
gravel of the stream bed and cementing it into a solid pavement.
Through the pavement thus formed in a previous period the stream
has carved a channel, leaving the conglomerate as a terrace deposit
along the sides of the valley. The gravel is made up of pebbles and
bowlders of many kinds of metamorphic and sedimentary rocks,
but the cementing material is so hard that the stream in cutting the
conglomerate forms clean cross sections through all the constituent
materials. 5

At least three terraces appear along the sides of the valley of
White Creek. It'is on the middle one of these terraces, which is
usually 20 to 40 feet above the stream, and on the lower one, which
forms the present valley floor and stream pavemént and which is
in most places a few feet above the channel of the stream, that the
conglomerate occurs. The conglomerate extends for about 5 miles
along White Creek, beginning at a point some 2 miles below the edge
of the serpentine area and terminating about a mile above the con-
fluence of White Creek with Los Gatos Creek. The ledge forming
the terrace capping or stream-bed pavement is in places 15 feet or more
thick. The Cretaceous sandstone which underlies the capping is less
indurated than the conglomerate and gives way more readily to weath-
ering and erosion. As a result, the capping is undercut and large
blocks of it break off. Thus erosion removes the deposit more
rapidly than it would a formation of such hardness laid upon a more
resistant foundation.

aThis subject was more fully treated in a paper by the present writers entitled ‘‘Conglomerate formed
by & mineral-laden stream in California’’ (Bull. Geol. Soc. America, vol. 19, 1908, pp. 147-154).
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An analysis by Dr. E. C. Sullivan shows that the cement deposited
on White Creek is made up principally of calcium and magnesium
carbonates, with minor amounts of silica and ferric oxide. There is
little doubt that the source of this cement is in the area of serpen-
tine and associated metamorphic rocks on Joaquin Ridge. Magne-
sium carbonate and silica are only slightly soluble in water under
surface conditions, so that when once deposited with the associated
minerals as a hard cementing matrix between the pebbles and bowl-
ders along the stream bed the resulting conglomerate is necessarily
very resistant to erosion and permits cutting of the constituent
bowlders rather than removal of these rocks from the matrix when
attacked by running water.

IGNEOUS ROCKS. .

The only igneous rocks occurring within the Coalinga, district are
associated with the Franciscan formation. The Cretaceous, Tertiary,
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.

SERPENTINE.

The serpentine that has already been described in connection with
the Franciscan as covering such a wide region in the heart of the
Diablo Range originated as an intrusion of basic igneous rock into
the sedimentary Franciscan formation before the beginning of the
period in which the Knoxville-Chico beds were laid down. There are
many different varieties of the rock, varying from hard, little-altered
dark-green and bronze-green peridotite, in which the constituent
crystals are well displayed, to much metamorphosed and surficially
altered serpentine, soft, smooth, green, white, and variously colored,
and to related minerals. The varieties resemble those that are
associated with the Franciscan formation throughout the Coast
Ranges:

The hard streaks of rock form irregular outcrops and the softer
portions weather over large areas into bare, soft heaps of comminuted
serpentine in the shape of dust, sand, flakes, and nodules of many
colors. The material has gathered much more rapidly than erosion
could carry it away, and covers up the rocks to a depth of several feet
in places. The streams flowing from the serpentine area, notably
White Creek, carry much of the serpentine powder, and deposit it as a
dustlike coating on the rocks along their ¢ourse. It is made up chiefly
of small flakes of an olive-gray.color and resembles bran in texture
and consistency. Outcrops and weathering deposits of similar
character were the source of the serpentinous shale of the Big Blue,
described with the Santa Margarita (?) formation (middle Miocene).
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SODA SYENITE FROM WHITE CREEK.

Toward the head of White Creek is a hill formed of a hard horn-

blende-bearing igneous rock that seems to have been formed as a boss
intrusive in the serpentine. It is a beautiful soda-bearing syenite,
mottled black and white and varying from an extremely fine grained
facies to a porphyritic one, in which there are large, perfect needles
and lath-shaped crystals of hornblende. The area of this rock as
shown on the map is slightly exaggerated.
- Several somewhat weathered specimens of this syenite "showing
variations in coarseness from the fine to the porphyritic texture were
secured. One of these specimens was chemically analyzed by Dr.
W. F. Hillebrand, of the United States Geological Survey, and they
have been microscopically examined by Mr. E. S. Larsen, jr., of the
Survey, who has kindly furnished the following description.

The specimens are all granitoid rocks of light-gray color composed
chiefly of dull white feldspar and its decomposition- products, but
with numerous long prisms of a black lustrous hornblende. In addi-
tion, most specimens show secondary calcite, analcite, and green
eegirite. Drusy cavities are common containing crystals of feldspar,
prisms of hornblende, and secondary @girite, calcite, zeolite, and
analcite. One specimen of the rock shows both the fine and the
‘coarse-grained types, separated by a-sharp but irregular boundary.

A microscopic study shows that the specimens are very similar
and that they are made up largely of plagioclase with considerable
brown hornblende, a little biotite, accessory apatite, zircon, and
black iron ore, and secondary calcite, analcite, segirite, and white -
mica. No nephelite or orthoclase were found, though a few very fine
intergrowths that were observed were thought to be possibly ortho-

clase and albite. The texture is granulitic. The feldspars generally
show very fine, irregular albite twin lamell® which give a maximum
extinction angle of 16°; the index of refraction is less than 1.540,
and the extinction angle measured on cleavage pieces after 010 is 18°
and after 0011s5°. They are therefore albite. In one of the specimens
“there are numerous feldspar phenocrysts which show a core of andesine
or andesine-labradorite grading into a broad band of albite. Altera-
tionis always well advanced and gives rise to natrolite and white mica.

The hornblende occurs in long, well-developed prisms without
terminal planes. It is often twinned. Pleochroism is very marked
- in dark-brown and yellow, the birefringence is moderate, and the
extinction angle (ZAc) is 14°. It is probably barkevikite. Many of
the ends and borders are altered to a very dark greenish blue amphi-
bole, but otherwise they are very fresh even where the associated
feldspar is completely decomposed. '
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Zgirite is rather. abundant in rough prisms or dendritic growths,
which are usually collected in patches. It is strongly pleochroic in’
greens and yellows, is highly birefracting, and has X parallel to the
length of the prisms. Analcite is not common in the fresher rock, but
in one specimen it has almost completely replaced the feldspar.
Megascopically the latter specimen is not very different from the
fresher rock, but the thin section consists mainly of isotropic analcite
with scattered grains of calcite, zeolite, ®girite, and white mica, all
inclosing fresh crystals of barkevikite..” In places a few feldspar
crystals can be seen, but they are almost completely altered to natro-
lite, white mica, etc. '

The following analysis was made by Dr. W. F. Hillebrand. The
rock was of the fine-grained type and was fairly fresh. It consisted
of albite, hornblende, some biotite, accessory apatite, zircon, and iron
ore, and secondary agirite, calcite, zeolite, analcite, and white mica.
The analysis was made on powder of 100-mesh size and hence the
results for H,O and FeO are probably very nearly right.

Analysis of soda syenite from the head of White Creek.

[By W. F. Hillebrand.]

Si0 e e et 60.00 | MgO.oooeeii i 1. 40
THOge e 42 | KpOumnoniiiee i 94
Ty 03 | N8gOuoeee e 9. 31
ALOy oo 16.88 | LigO..ooemneeee it Tr

Cry0ye e e None. | HyO—. oot 43
Feg0eneeemeeeee e L83 | HyOFueeneieeiaeaeaeea 153
FeO. oo 802 | PyOgeeenneeen e 14
MnO..oooiii 121 C0ge el 59
Ca0. e 3.16 | S Tr

SrO. e .02 _
BaO..ooooooo ..., .08 99. 88

The norm computed from this analysis according to the method
-of the quantitative classification follows:

Norm compuled for soda syenite from the head of White Creek.

Orthoclase....................... 5.56 | Diopside................. e 11. 04
Albite...o.oovveiiiiiiiiii 69.04 | Olivine.......................... 1.28
Anorthite.........oo.oooo ... L L67 |HOeeeiiiiiie .. 196
Nephelite...........oo........ 540 | COguunennneen i .59
Tlmenite................... e (] _—
Apatite.....coeeeeeeii .. .34 : 100. 19
Magnetite........................ 255 '

This places the rock in Class II, order 5, rang 1, subrang 5. It.
appears to be the first rock of this division to be described. It
closely resembles the umptekite described by W. Ramsey.

To sum up, the rock has a granulitic texture and consists, when:
fresh, of albite and barkevikite with a little biotite, accessory zircon,
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apatite, and iron ore. Alteration of the feldspar has produced zeo-
lites, white mica, calcite, analcite, and sgirite. The chemical analy-
sis is noteworthy on account of the high soda and low potash. The
orthoclase and nephelite indicated by the analysis are probably not .
present.

STRUCTURE

Some of the broad features of the structure of the Coalinga dis-
trict have been briefly touched on in the preceding discussions of the
topography and geology, and these as well as many of the minor
features will be further treated in connection with the occurrence of
petroleum in the description of the developed territory. The struc-
tural axes and the general attitude and succession of the strata are
represented on the maps (Pls. I, XV, and XXII) and in the various
profile sections (figs. 6, 7, 8; Pls. XVI, XIX, XX, XXT), and there-
fore merely a general review of the structural phenomena and the
discussion of certain particular points are 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 a series of waves and offsets into which
it was thrown by various important as well as minor plunglng anti-
clinal and synclinal folds, and by faults that run in various direc-
tions both parallel with and oblique to the main structural trend of
the mountains. This main trend parallels the general course of the
Sierra Nevada, the Coast Range, and the coast in this portion of
California, and is approximately N. 35° to 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 topography. The same features, both
topographic and structural, may be observed south of the Coalinga
district and also in the mohntainous tracts west of it. It is owing to
such structures that the Gabilan Range converges with and joins 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 N.50° E. (and S. 50° W.),
and the other set along a line running N. 20° to 30° E., making a
_counter-clockwise anglé of about 20° to 30° with the former set.

1
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" PERIODS OF MOVEMENT AND THE EFFECTS ON FORMATIONS OF
' ' DIFFERENT AGE.

A large part if not. the major part of the movement that has re-
sulted in the disturbance of the Tertiary beds in this region, and pos-
sibly 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 Tulare (Pliocene-Pleistocene) formation.
This is indicated by the fact that the later Tertiary and early Pleis-
tocene formations have been disturbed almost as much as the older
ones, and in some places as much as or even more than the Cretaceous
beds. An example of this is found in the beds exposed in the Coalinga
anticline, where the Cretaceous strata dip gently and appear to have
been folded hardly at all before the Eocene and Miocene beds

were tilted on the same anticline to the vertical position. One .

reason, however, for this comparatively little disturbed condition
of the Cretaceous formations is their compactness and relative homo-
‘geneity, by which they resist stresses that would severely disturb the’
later, more loosely consolidated beds. Relative immunity from dis-
turbing forces is characteristic of the Cretaceous formations in many
parts of California. But in most parts of the Coalinga district the
Cretaceous strata have been closely folded in spite of their resistance
and intricately faulted partly as a result of it, showing that the dis-
turbances that brought about these results were very severe. These
disturbances are thought to have occurred for the most part before
the Tertiary, or at least before the Miocene, for reasons stated in the
discussion of the geologic history. It is certain that important
movements took 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 sub-
sidence that allowed the deposition of the Vaqueros (lower Miocene)
‘sandstone on their eroded surface, and also at the close of the Vaqueros
period. As regards the still later movements, the facts that all the
formations from the Cretaceous to the lower Pleistocene are in places
approximately conformable in dip, and that at least the Miocene, the
Pliocene, and the later portion of the series almost invariably appear
so, indicate that the whole series was affected as one during the
Pleistocene epoch 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 overturned, but evidences of faulting are
by no means as common. The only fault of importance that is defi-
nitely known to affect the Tertiary formations in this district is one
shown on the maps (Pls. I and XV) in the Alcalde Hills southwest of
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A. OVERTURNED SHALES OF TEJON FORMATION IN AXIS OF COALINGA ANTICLINE.

Looking northwest across foothills, 8 miles north of Coalinga. Note base of overlying Vaqueros on left; the
vegetation following lines of bedding in the fold; Joaquin Ridge in the distance. Taken from Tejon-
Vaqueros contact on ridge shown in Plate VIl. Photograph by Ralph Arnold.

Ie V_a’—_ia\eros =
‘ g e S Siliccous shale of the Tejon

B. DIAGRAM OF PLATE XIIl, 4.
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Axis of e
Coalinga anticline

BASAL VAQUEROS OIL SANDS ON AXIS OF COALINGA ANTICLINE.

Looking southeast along plunging axis, showing petroliferous beds dipping gently southeastward on the left, the overturned axis in the center, the steeply dipping beds on the right, the
shales of the Tejon formation in the foreground, and Pleasant Valley in the distance. Taken from Tejon-Vaqueros contact on ridge shown in Plate VIl. Photograph by Ralph Arnold.
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Coalinga. This fault has a downthrow of at least 200 feet on the
northeast. It is discussed in the description of the geology of the
Westside field (p. 222). A few small local faults, such as are shown
in Plates VI, B, and X, have been noted. The displacement shown
on the left in Plate X is due to collapse of the soft beds of the
Big Blue, which is mapped with the Santa Margarita (%) formation
(middle Miocene). , '

The older formations, on the other hand, are much faulted as well as
folded, and many faults in them have not been mapped. The
Knoxville-Chico (Cretaceous) beds exposed along Los Gatos Creek
afford an excellent example of the great number of large and small
faults that occur along a fault zone such as that which determines the
position of this old valley.

THICKNESS OF THE SEDIMENTARY STRATA.

The great thickness of the sedimentary strata along the flank of
the Diablo Range is proof of the greatness and comparative con-
tinuity of the movements to which the land has been subjected during
the recorded geologic history. The total maximum thickness of the
different formations, as given in the columnar section (fig. 2), is not
measurable in any one locality, but the total is found in many sections
to be as'much as 12,000 to 15,000 feet or more.

Possibly a slight exaggeration of thickness may result from the
spreading of the beds at the surface, where they are relieved from pres-
sure, and from the related tendency on the partof tilted strata to assume
steeper dips at the surface than the true dip at depths. The steeply
dipping and locally almost overturned beds of loose, dry sand, gravel,
and clay toward the south end of the Kreyenhagen Hills suggest the
probability of their having expanded at the surface and thus aug-
mented their apparent thickness. Superficial spreading, uptilting,
and disturbance oceur likewise in the more compact older rocks,
especially in the shales of the Knoxville-Chico (Cretaceous), Tejon
(Eocene), and Santa Margarita (?) (upper middle Miocene). The ten-
dency toward steepening of the dip at the surface is aided by gravi-
tational movement of the soil. A local overturn at the surface in the
shales of the Santa Margarita (%) formation is shown in Plate XI, B.
The exaggeration of thickness due to such surficial phenomena, how-
ever, is hardly appreciable in some portions of the district, as, for in-
stance, in the developed oil field, where the thicknesses of formations
as revealed in the oil wells agree closely with those measured on the
surface; and it is not thought that it results anywhere in a large pro- -
portional increase over the true thickness. The measurements of
formations given in this paper are intended to represent fairly the
thicknesses apparent in the surface outcrops, except in the discussion
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of the developed territory, in which many figures are given that are
based on the measurements obtained in wells. ’

It has been pointed out in the description of the formations how
" they vary in thickness within short distances. This variation is char-
acteristic of the region. In the post-Eocene formations it may be
partly explained by the theory that the gradual 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 sedimentation were more
prolonged in the northern region. A large part of the irregularity of
thickness is doubtless due to the removal of portions during intervals
of erosion. Furthermore, much irregularity is due to the local varia-
tions in the nature of the deposits and to the original manner and
amount of their deposition.

UNCONFORMITIES.

The number of unconformities between formations in the Coalinga.
district gives further proof that the region underwent almost con-
tinuous movements, and that these were of various kinds. The
unconformities are rarely clearly apparent at the contacts between the
formations, and the unconformable relations are usually to be made
out only from a detailed study of (1) the areal distribution of the
formations, which gives a clue to the presence of overlap, and of (2)
the fossils, which indicate time breaks. The evident angular uncon-
formities that have been discovered are between the Vaqueros (lower
Miocene) and Tejon (Eocene) at various localities north of Coalinga;
between the Tejon and older Cretaceous shales 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 Valley coal mine; and between the
Santa Margarita (%) and Cretaceous along the north and east sides of
McLure Valley.

The unconformity between the Tulare (Pliocene-Pleistocene) and
Etchegoin (upper Pliocene) north of Zapato Creek is less definitely to’
be made out. Elsewhere the formations, even those profoundly dis-
tinct in age, generally appear conformable in dip, and it is not im-
probable that overlaps and unconformities that have not been made
out occur within the formations that are treated in this report as
stratigraphic units. That little reliance is to be placed on an
appearance of angular conformity is made clear at several points
north of Coalinga, where an appearance of such a relation between
the Tejon (Eocene) and Vaqueros (lower Miocene) is to be found only
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a short distance from points where the contact displays pronounced
discordance in dip. Overlaps of all the Tertiary formations, except
the Tulare, upon the Knoxville-Chico (Cretaceous) occur within the
Coalinga district, thus proving their mutual unconformity. Except
the overlap of the Etchegoin on White Creek, and that of the Vaqueros
in the Alcalde Hills, over the sandstone of the Chico (Upper Cretaceous)
these overlaps take place over the lower portion of the Knoxville-
Chico. The variation of the formations in original areal extent and
in. thickness, lithologic character, and structure within small areas
gives an indication 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 structures of the
range. It forms Joaquin Ridge and plunges toward the valley, ex-
posing in turn the Franciscan rocks at the head of Joaquin Ridge and
all the subsequent formations. The synclinal axis of its plunge is
at Polvadero Gap, beyond which it is undoubtedly continued by the
anticline plunging in the opposite direction, which causes the beds to
dome up into the Kettleman Hills. At the south end of these hills,
about a mile south of the mapped area, 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, beds several thousand feet stratigraphically
lower than those exposed at the north end, and the hills are left
incomplete, their termination being due to erosion rather than to
structure as at the north end. The Lost Hills, which are within 10
" miles south of the area shown on the map, are due to a continua-
tion of the Coalinga anticline. The length of this fold 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 plunges and arches of the
anticline are indicated by symbols on the geologic map (PL. I). The
steep dips on its southwestern flank north of Coalinga as compared
with- the gently dipping summit and northeastern flank are very
pronounced, these features being illustrated in Plates III, XIV, and
XVIII and on the map of the Coalinga field (Pl. XV). 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 southwest and 25° to
31° on the northeast. The Coalinga syncline is the parallel supple-
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mentary feature and forms the topographic depression of Pleasant
Valley and Kettleman Plain. Like the anticline, it plunges south-
westward 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.

Structure in the basin of Los Gatos and White creeks.—The structure
in the basin of Los Gatos and White creeks between Joaquin and
Juniper ridges is peculiar and complicated. A broadly folded anti-
cline 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 northwestward into the axis of the White Creek basin and south-
eastward into Pleasant Valley. The syncline becomes sharply defined
and regular along White Creek, where it incloses a remnant of Etche-
goin (upper Miocene). Toward Pleasant Valley it broadens out to
form part of the general monocline dipping toward the axis of the
Coalinga syncline. A complicated set of faults occurs along Los Gatos
Creek, as illustrated on the map (PL. I). On the south side of the
main line shown as the Los Gatos Creek fault zone the rocks are the
thinly bedded dark shale and sandstone of the middle division of the
Knoxville-Chico (Cretaceous). On the north side the massive sand-
stone beds of the upper division are faulted down into contact with
them. The movement has been in the nature of a flattening out of
the axis of the White Creek syncline toward its head, resulting in the
formation of the main fault and of branch faults on the downthrow
side, with greater and greater throw in the successive blocks toward
the southeast. A great number of small faults are not of sufficient
size to show on the map. Many of these may be seen in the exposures
along the sides of Los Gatos Creek. Faulting of a somewhat similar
character to that described has taken place likewise on the northeast
arm of the syncline, but time did not allow a detailed study of the
system. The basin of Los Gatos and White creeks has probably been
an axis of movement aldng which successive disturbances have taken
place during a long period. The southeastward continuation of this
same line of disturbance probably accounts for the depression of
the Coalinga anticline in the region of Polvadero Gap.

Zone of Alcalde Canyon.—Another old zone of movement is repre-
sented by the southeast face of Curry Mountain and the lower part

“of Alcalde Canyon from Alcalde toward Pleasant Valley. Profound
faulting probably took place along the zone at different times. The
sharp northern face of the 1,900-foot hill southeast of Alcalde suggests
faulting, but no evidence of displacement in the later Tertiary forma-



STRUCTURE. - 167

tions has been obtained. The region north of Waltham Creek 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 thick-
ness, the sandstone portion or upper division of-the Knoxville-Chico
(Cretaceous) is lacking, the siliceous shales of the Santa Margarita (?)
formation (upper middle Miocene) appear and gradually thicken and
are only doubtfully to be correlated with the Santa Margarita (?)
formation to the north, anda great thickness of the Tulare (Pliocene-
Pleistocene) formation is steeply tilted and well exposed.

Structure in the 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 ends just within the area shown on the map on the gen-
eral monocline dipping away from Reef Ridge. This monocline is
regular except for some low, broad plunging folds northwest of
Zapato Creek. A noteworthy feature of the Jacalitos antichne is
that it plunges in both directions into the flank of the Jacalitos
syncline. 4 v

Castle Mountain fault zone.—The main structural features of the
southwestern part of the territory mapped are the Castle Mountain
fault zone and the Pyramid Hills anticline, the Avenal syncline, and
the Diablo anticline. The first named is a very important and com-
plicated zone of faulting that affected the Vaqueros and older forma-
tions. The downthrown side is on the northeast. Faulting along
the same zone is the cause of the prominent scarp of Castle Mountain
farther west. The fault is not exposed east of Reef Ridge because
covered over by the later formations. The lowest of these, the Santa
. Margarita (%) formation, 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 long after the
cessation of fault movement along the eastern portion of the zone.
The shale of the Santa Margarita (%) formation and the younger for-
mations have been worn off over the summit of the fold, and the rocks
‘exposed along this uncovered axis belong chiefly to the Knoxville-
Chico. The disturbance of the pre-Miocene rocks has been so great
that the axis of the anticline is not easily traceable within the faulted
zone. To the southeast the general zone of faulting gives place along
a divergent axis to an overturned anticline in the Knoxville-Chico
beds, 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
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monocline of the southern end of Reef Ridge and the Kreyenhagen
Hills.

Avenal syncline.—On the southwest the flank of the anticline just
described dips down into the Avenal syncline, which determines the
position of McLure Valley. North of Avenal Creek this syncline is an
extremely sharp fold, overturned and much disturbed beyond the
area of the map, but gradually plunging and becoming shallower
toward McLure Valley. '

_ Diablo anticline.—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 beds. This anti-
cline is one of the main axial folds of the Diablo Range.

. CHARACTER OF THE FOLDS AND FAULTS.

The folds and faults in this region are almost invariably plunging
and curving. Most of them represent important and continuous
structural lines along which movements of locally varying amount
and direction have taken place. The anticlines are, as a rule, asym-
‘metric elongated domes, with broad summits and dips increasingly
‘steep away from the axis, but with varying limits of angle on the two
sides ‘and at different points along the longitudinal extent of the fold.
The synclines have a reciprocal character. Several of the anticlines,
notably the Coalinga, Jacalitos, and Pyramid Hills anticlines, are so

formed that there may be traced on one or the other flank an axis
along which the dip away from the summit of the fold steepens mark-
edly. Such a structure indicates an inclined position for the main axis
‘of the fold. The inclined axis of the Coalinga anticline is overturned
at one point along Oil Canyon, and overturns occur likewise along the
Pyramid Hills anticline, the Avenal syncline, and on the northeast
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 owing 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 northeast of Pleasant Valley and
" seems to be opposed in a similar way across McLure Valley by a con-
trary thrust in the Diablo anticline. The two latter folds have, how-
ever, 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 by way of reconnaissance. With
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regard to the Los Gatos Creek and Castle Mountain fault zone, the
planes of movement have been many and the resultant downthrow in
each case is on the northeast.

GEOLOGIC HISTORY.q

GENERAL FEATURES.

The portion of geologic time of which the rocks of this part of the
Diablo Range afford a record is comparatively late. The oldest
rocks that appear in the axis of the mountains and that form a
basement on which the later ones rest probably go no further back
than Jurassic time, but even in them the record is obscure. Traces
of preexistent rocks are to be found as inclusions in the younger for-
mations, but they tell nothing of the age and give only suggestions

as to the character of the terranes that must have formed land sur-
faces somewhere within this region during pre-Jurassic time. The
history of the later periods, however, is preserved in considerable
detail in a great series of strata that represent probably the greater
portion of the time from the beginning of the Cretaceous to the .
present. These have been periods of great activity during which
earth movements affecting broad areas, but at the same time causing
various effects locally, have resulted in continually changing condi-
tions and produced a complicated record.

JURASSIC (%) PERIOD.

The earliest period of which there is definite record is that of the
Franciscan formation, of which the age or extent in time is not
known, but which is doubtfully referred to the Jurassic. The condi-
" tions that prevailed during this period were probably those of wide-
spread marine deposition, although the absence of remains of
organisms in the rocks leaves this origin in doubt. The Franciscan
sediments were laid down to a great depth over a very extensive
area covering much of the present Coast Range region, and are
generally similar, fairly fine grained materials, consisting largely of
fine sandstone, dark clay shale, and jasper. The natural conclusion
to be drawn is that the open ocean occupied much of this region in
the Franciscan period. The source of the materials is unknown.

At the close of or perhaps in part during the period when the
sediments of the Franciscan were being laid in beds at the bottom of
the basin of deposition, they were intruded by immense bodies of
molten rock of a basic variety that has since been changed into the
serpentine so abundant over the areas in which the rocks of this
formation occur, and other igneous mtrusmns probably took place

a A brief discussion of the geologic history of the Diablo and Temblor ranges is given by F. M. Anderson
in his ¢ Further stratigraphic study in the Mount Diablo Range of California” (Proc. California Acad
Sct., 4th ser., vol. 3, 1908, p. 6).
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some time during the same general period. It is not possible to
state the character of the further events or the length of time before
the arrival of the period represented by the Cretaceous beds. There
is no incontrovertible evidence that any of the intrusive or meta-
morphic activity took place after the latter period commenced.

CRETACEOUS PERIOD.

The oldest Knoxville-Chico beds probably represent an early part
of Cretaceous time. The strata that began forming in this period
were similar to those of the Franciscan formation, and the prevailing
conditions were probably not greatly different in the two periods.
The sea spread widely over the Coast Range region, probably cover-
ing much of it to a considerable depth, and coarse and fine sediments
derived from a land area whose position and character are doubtful
were. alternatingly laid down to form the present interbedded shale
and sandstone of the lower two-thirds of the group. Remains of
organisms are rare in these beds, but where found indicate their
marine origin and Cretaceous age. The general scarcity of fossils
may indicate a fairly deep water origin for the beds. There is no
evidence that many fossils once present have been obliterated by
crushing or leaching. The beds contain little calcareous material
and in many places remain without sign of great disturbance. In
the higher portion of the Cretaceous coarser and probably more
littoral beds predominate and fossils are somewhat more abundant,

The amount of information that has been obtained from the Cre-
taceous deposits of the Coalinga district does not warrant the formu-
lation of a definite outline of the history of that period. One or
more epochs of uplift of the strata above the sea and prevalence: of

iand conditions probably intervened between long epochs during -
which the great depth of sediments was accumulated, but the length
* of these different epochs has not been determined. During the early
portion of the Cretaceous fine materials were by far the most abun-
dant, fine silt alternating rapidly with fairly fine sand. During the
later portion sand was more abundant. The later portion of Cre-
taceous time is not everywhere represented in the district at the
present day, owing either to the land having been above water or
to the subsequent removal of the deposits. The conditions during
those periods in which deposits were being formed were equable and
resulted in the formation of homogeneous masses of strata of great
thickness. The great zone of conglomerate that has been described
" as lying in the middle of the lower or predominantly fine-grained
- portion of the group represents a remarkable change of conditions.
It means that a land area, of rocks in part dissimilar to those now
outcropping in the Diablo Range, was in close proximity, and it
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probably indicates a considerable break in time between its age and
that of the beds below it.

The total thickness of the beds formed during the Cretaceous that .
are still within the district is at least 12,800 feet. They have be- -
come compacted since their deposition, and perhaps the original beds
are not all present in the sections measured, so that this thickness is
probably less than the amount of vertical subsidence that the land
must have undergone to allow their deposition. The homogeneity
of the successions of strata through great thicknesses shows that the
source of the material and the general conditions did not greatly
vary. The basin of deposition must have been subsiding gradu ﬂly
with reference to a fairly constant or rising area of land.

. EARLY TERTIARY PERIOD.

The greatest diversity of movements and conditions .that is
recorded for a period in the Coast Ranges is that which throughout
characterizes the Tertiary. In some places the era opened under
conditions continuing those of the late Cretaceous, and in the very
northern part of the Coalinga district the beds belonging to the
period close to the line between these two great time divisions are
as yet only with doubt referable to either the one or the other.
There is, however, a great faunal hiatus between the uppermost Cre-
taceous fossiliferous bed (Chico) and the lowermost Eocene fossili-
ferous stratum (Tejon), which must represent a long period of. time.
In contrast to the seeming intergradation of the Chico and Tejon in
the region' north of Alcalde Canyon is a profound unconformity
between the Eocene and older Cretaceous beds farther south; and this-
overlap occurred within a small central portion of the Coalinga district.
Either the interval of time that probably intervened throughout
this region between the portions of Cretaceous and Eocene time here
represented was occupied by the erosion of the upper portion of the
Knoxville-Chico in the southern part of the field, or else the southern
area of Cretaceous was continuously above water during the time
occupied by the deposition of the Upper Cretaceous beds in the
northern part of the district. KEvidence was not gathered sufficient
to decide which of these conditions was the more likely. Whereas
the source of the sediments during Jurassic and at least earlier Cre-
taceous time is doubtful, the great land area and most important
source of detritus having possibly been toward the east, the Coast
Range belt of relief is known to have dominated the later formations,
and the present Great Valley region, at least in later Tertiary time, is
known to have played an active part as a basin of depression.

During the Eocene the region of the Coalinga district occupied a
littoral belt east of the Coast Ranges and at least for a portion of the
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time shore-line and estuarine conditions prevailed in the vicinity of
Coalinga. At the coal mines in the Alcalde Hills the beds that give
evidence of such conditions are especially well exposed. They are
* roughly bedded, of varying coarseness, full of gypsum and alkaline .
salts, and interbedded with lignite, showing that the materials
accumulated roughly not far distant from the shore in shallow,
brackish water. Elsewhere, as along Reef Ridge, the shallow-water
character of these beds is less pronounced. The fossil remains in the
lower portion of the Tejon (Eocene) formation show that mollusks
lived abundantly in the sea and that other forms, such as echinoderms,
corals, and bryozoans, were likewise present.

It is possible that the marine conditions were exchanged during
a long or short period for land conditions before the deposition of the
shale beds in a later period of the Eocene, but little evidence on this
point has been obtained. In that later period the land probably sank
and the shore receded, the source.of supply of coarse materials being
removed partly by this recession and partly by the base-leveling of
the land. The deposits on the sea bottom were formed jointly by
fine sediments and minute organisms such as diatoms and foraminifers
that lived in the sea and dropped in great numbers to the bottom
after death. In the mud that was thus formed on the sea floor the
organic matter inside the shells of these little plants and animals
must have become buried and been preserved. From. this source
the petroleum that seems to have originated in the Eocene shale is
thought to have been derived. Other forms of life that inhabited
the sea were delicate little mollusks, which probably lived in the mud
at the bottom, and fishes, the scales of which are preserved.

The whole of the formation that was deposited during the Eocene
is not preserved in the Coalinga district, owing to a great uplift of the
land that brought the marine conditions to an end and subjected the
formation to erosion. It is therefore impossible to state what length of
time or how large a portion of the Eocene was occupied with deposition.
There is no direct evidence whether or not the formation extended
beyond the limit of the Eocene into the Oligocene. The greatest
thickness of the beds belonging to the Tejon (Eocene) formation
that has been preserved within the district is exposed on Joaquin
Ridge north of Coalinga, where it amounts to at least 1,850 feet.

The land movement that caused the emergence of the area over
which the Tejon formation was laid down during Eocene time was
not merely of a local nature but is known to have affected a large
portion of the coastal province. As a result of it the Eocene strata
were upheaved and in places, notably near the axis of the Coalinga
anticline south of Oil City and along the western border of what is
now Pleasant Valley, were steeply tilted. Movements probably took
place at that time along some of the lines of structure which have
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been the loci of more recent disturbances, and at that time also
some of the features of the present Diablo Range were determined.
During most and probably all of the Oligocene period the region of
the Coalinga district, as well as a much greater portion of the southern
Coast Ranges, was land and the Eocene and older beds were exposed
to erosion. As a result large parts of the pre-Miocene formations were
worn away and parts of the surface planed off.

MIDDLE TERTIARY PERIOD.

Early in the Miocene the area of the eastern flank of the present
Diablo Range became pretty generally submerged to a slight depth
below the sea, and the worn surface of the older formations became
the floor upon which the marine deposits of sand, pebbles, clay, and
shells were formed that have been described as the Vaqueros formation
(lower Miocene). During this period land areas probably remained in
the northwestern and southwestern portions of the region that is now
the Coalinga district. In the northern part of the district coarse shore
deposits were formed at the beginning of the period. In the southern
part the deposits were littoral but less markedly so, the basal beds
being in places more fine grained than those above them. The
greater part of the period was taken up by deposition of medium-
grained sand materials within a littoral belt. Among the living
organisms that flourished in this belt we know from the abunda,nf;
remains that mollusks and echinoderms existed in great numbers.

They were of species characteristic of the early portion of Miocene time
" throughout the coastal region of California. Remains of trees were
abundantly preserved in the gravel and sand deposits, supposedly of
lower Miocene age, that form a capping on the flanks of Juniper
Ridge. These deposits were laid down upon a level surface that had
been worn in the Cretaceous rocks and may have originated in part
on a land area adjoining the shallow sea waters. At one stage in the
middle portion of the period a peculiar change of conditions that is
not easily explainable took place in the northern part of the district.
Coarse materials ceased to be deposited, and practically the only
materials that were laid down were the remains of diatoms and
foraminifers mixed with extremely fine silt. As a result the 15 to 20
foot “indicator” bed was formed. In the succeeding stage in the
same area fairly coarse sand somewhat resembling beach sand was
the chief material deposited, and the remains of a near-shore marine
fauna, consisting chiefly of mollusks, were preserved. A rough
measure of the Vaqueros (lower Miocene) period is afforded by the
thickness of the strata laid down. The compact beds of Reef Ridge
have a maximum known thickness of about 900 feet.

The relation of the formations on the two sides of the Castle
Mountain fault has an important bearing on the questions involved
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in the history of the early Miocene as well as other periods. The
Eocene and lower Miocene formations stop near the south end of
Reef Ridge at this fault zone, and first appear again on the southwest
side of this fault 7 miles south of Little Tar Canyon on the south-
western edge of McLure Valley.

The hypothesis that seems best to fit the conditions outlined
above postulates that the region west of the fault must have been
thrown up as a great block or series of faulted blocks during the
period of movements following the lower Miocene, and that the
Eocene and lower Miocene beds that had been formed over it were
almost completely eroded away and the fault block completely re-

“duced during the early middle Miocene land period.

No faulting has taken place along this portion of the fault line
since the early middle Miocene; as is proved by the fact that the later
beds are unaffected. The prominent fault scarp of Castle Mountain
a few miles northwest may be due to more recent movement along
the fault there while it has been stationary near Reef Ridge. Unless
such a movement has taken place the prominence of this topographic
and structural feature would tend to favor the latest possible date
for movement along the fault zone as a whole, namely, the ea,rly
middle Miocene.

The deposition of beds in the Vaqueros (lower Miocene) period was
brought to an end by movements which, it is thought, left the land in
this portion of California not far above the sea, so that in the succeed-
ing middle Miocene period no great amount of sediment was removed
from this region to the wide expanse of sea farther west, in the region
now west of the Salinas Valley, in which the fine, largely nonterrige-
nous ooze of the Monterey shale was laid down. As a consequence,
the Vaqueros beds were locally well preserved, and when the time
came for later sediments to be laid down upon them there were
preserved at the contact no striking evidences of the time that had
elapsed. Good structural evidence, in addition to that of paleon-
tology, that a time interval and erosion did occur, however, is afforded
by the varying thickness and locally complete absence of the Vaqueros,
the deposits of the upper middle Miocene (Santa Margarita (%) forma-
tion) overlapping upon different horizons and in places directly upon
the pre-Miocene rocks. In the region of the Stone Canyon coal
mine, near the summit of the Diablo Range, west of the Coalinga
chstrlct the shale of the Santa Margarita (?), which is supposed to be
the equivalent of the shale referred to the same formation in Reef
Ridge, lies with distinct unconformity upon the tilted and eroded
lower Miocene beds, showing that there, too, a land period came
between.

In the northern portion of the Coalinga district it is not impossible
that there have been preserved in the Big Blue, in its sands and coarse
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gravel and strange serpentine detritus, accumulations that took
place during a portion of this interval between the marine invasions of
the lower Miocene and later middle Miocene.

It will be a matter of considerable interest to determine to just
what age the Big Blue belongs, both on account of its bearing on the
history of the Monterey period and because it is the earliest zone
giving indubitable evidence of the occurrence in it of fragments of
the rocks associated with the Franciscan formation. On the northern
flank of Joaquin Ridge this zone is composed almost entirely of ser-
pentine fragments of all sizes derived from a near-by area in which
the Franciscan was exposed. It is very probable that this area was
in the same position as the present serpentine area on Joaquin Ridge
and was brought to the surface by post-Eocene folding along the line
determining the axis of the present Coalinga anticline and by erosion

over the area thus uplifted. There is no proof that the Franciscan
formation or its metamorphic associates appeared at the surface
in this district in any preceding period.

After the early portion of the middle Miocene period had elapsed

“a great subsidence took place and brought the whole southern part
of the district below a deep sea. The subsidence there was probably
progressive from south to north. In the region of the present Tem-
blor Range south of the Coalinga district the Monterey (early middle
Miocene) period is represented, and the subsidence there may have
continued through most of middle Miocene time, allowing a very
great thickness of shale beds to be formed. If such is the case, the
area of subsidence widened toward the north until it affected the
southern part of the Coalinga district in the latter portion of the
middle Miocene period and caused the deposition of deep-water
shale beds as a continuation of the upper portion of the series farther
south.

The conditions that prevailed during the period of deposition of
the shale of the Santa Margarita (?) formation must have been similar
to those of the later part of the Tejon (Eocene) period already dis-
cussed and to those prevailing during Monterey (middle Miocene) time
over a considerable portion of the Coast Ranges.® Organic remains
are not well preserved in the shale of the Santa-Margarita (%) forma-
tion of the Coalinga district, but it is almost certainly largely com-
posed of siliceous and in lesser amount calcareous remains, of diatoms
and foraminifers, respectively.

In the northern portion of the district the subsidence during the
Santa Margarita (?) period was not so great and coarse shallow-water
sediments were laid down. For a portion of the time there thrived
here a fauna of strong-shelled mollusks, barnacles, and echinoderms

e For an outﬁne of the history of this period elsewhere see Fairbanks, San Luls folio (No. 101), Geol.
" Atlas U. 8., U. 8. Geol. Survey, 1904, p. 9; and Arnold and Anderson, Geology and il resources of the
" Santa Maria oil district, California: Bull. U. 8. Geol. Survey No. 322, 1907, p. 67.
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(sand dollars), fitted to survive in troubled waters along shore. This
subsidence may have immediately preceded or been contemporaneous
with that in the area of the Kreyenhagen field.

The thickness of strata deposited during the Santa Margarita (?)
period in the region around the modern Pleasant Valley was about
600 feet (exclusive of the Big Blue). The shale in the southern part
of the district was laid down to a thickness of as much as 1,200 feet.

LATE TERTIARY AND EARLY QUATERNARY PERIOD.

The close of the Santa Margarita (%) period witnessed an uplift of
the land over the large region that its deposits covered, and the
beginning of a long period, occupying most of the rest of Miocene time,
during which shallow-water deposits were formed in arms of the
sea that were separated from each other by land areas coincident in
large measure with the more elevated portions of the present Diablo
Range. Probably an interval succeeded the Santa Margarita (?%)
period during which the area of the Coalinga district was not sub-
merged, but no measure of its length has been obtained and it can
not have been as long as the previous interformational periods that
have been made out. It is thought to have been longer in the north-
ern than in the southern part of the Coalinga district. The great
succession of littoral marine sand, gravel, and clay beds that followed
mark a gradual subsidence during the Jacalitos and Etchegoin periods,
which are the equivalent of upper Miocene time. This subsidence
was probably effected by a gradual process of downfolding in basins
of depression that crossed a belt of topographic relief corresponding
to the present Diablo Range, and in the large basin of the San
Joaquin Valley. The mountainous tracts of the older formations were
probably at the same time subject to uplift that caused them to
preserve a fairly uniform relation to the sea area and resulted in a
comparatively stable position of the shore line. Roughly speaking,
the Diablo Range may be said to have existed as a row of islands.
The continued presence of these islands preserved the littoral char-
acter of the beds which were laid down along their shores and which
were later upheaved to form the present fringe along the eastern base
of the Diablo Range.- The belt of lowland bordering the mountains
must have been occupied for part of the time by arms of the sea in
which estuarine conditions prevailed and in which large amounts of
gypsum and alkaline salts were precipitated. The thickness of the
deposits that were laid down under these conditions, in the Jacalitos
and Etchegoin periods, amounts to over 7,000 feet, and may be taken
as a rough measure of the time that elapsed and of the depth to which -
the basal platform of the basin or basins sank. The beds of this age
are preserved in large part in their original incoherent state and their
thickness does not represent as much deposition as a similar thick-
ness would In the consolidated beds of some of the older formations.
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The :onditions outlined above did not prevail uninterruptedly
during the whole of the period represented by the Jacalitos and
Etchegoin combined. There probably were many oscillations in the
orogenic movements and complex variations in the areas and degrees
of movement, in the land areas, and in the conditions of climate and
supply of sediments. Such changes are attested by the variety of
the beds and zones of deposits that were formed, and by the presence
within the series of strata.that originated in fresh water or on land,
but are far too complicated to be made out in detail. There was at
least one period, the close of the Jacalitos, when a marked disturbance
took place. In the northern part of the region under discussion the
sea spread much farther westward before the beginning of the Etche-
goin, causing the beds of that period to overlap beyond the limits of
the Jacalitos and to be laid down unconformably upon the Creta-
ceous and Franciscan. It is possible that an uplift had preceded the
subsidence that caused this overlapping and had raised' the earlier
upper Miocene beds above the sea, allowing them to be eroded; but
somewhere within no great distance the marine conditipns and
sedimentation must have been continuous, and the appearance of
conformltv between the Jacalitos and Lt(,hegom formations on
Joaquin Ridge and in the Kreyenhagen Hills indicates that at
this chstance from the axis of the mountain belt to the west
deposition went on without interruption. The much greater thick-
ness of the formations south of Waltham Creek than north of it points
to episodes in the history of the northern region that have not been

made out. Probably the progress of sedimentation was broken at
different periods in the northern region when continuous in the south-
ern, the line at present followed by the southern end of Curry
Mountam and the lower portion of Alcalde Canyon having been a locus
of changes separating areas of different geologic history.

The kinds of organisms that lived in the upper Miocene period
and left relics in the rocks were principally mollusks and eéchino-
derms, the latter including both sea urchins and sand dollars. Cirri-
pedia (barnacles), brachiopods, and corals were also common at
certain times, and fishes and sea mammals (either cetaceans or sireni-
ans) left a record in their teeth and bones. A great abundance of
fossil wood is preserved in the near-shore gravel and sand beds that
were formed during the Jacalitos (early upper -Miocene) period,
and in one place the tooth of an extinct species of horse is associated
in the same zone. The conditions throughout most of the period
were favorable to marine life and rich faunas were preserved. .

The Etchegoin (late- upper Miocene) ‘period was brought to a close
by a gradual uplift of the land and transition from locally varymg
88170—DBull, 398—10——12
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open-sea and estuarine conditions to more generally prevalent estu-
arine and perhaps also brackish-water conditions. . The faunas

- reflected this change and the sediments became thoroughly impreg-

nated with and in places largely made up of salts, especially gypsum.
The marine body of water gave place in turn either through a direct
transition or after the intervention of a land period to fresh water
at the beginning of the Tulare period, which includes most of Plio-

. cene time and probably a part of the early Pleistocene. The origin

of the deposits of this period and the conditions prevailing during it

" have been discussed above in the description of the formation. Suf-

fice it to say here that. the character of the period is in doubt, but
that the stage with which it opened was not of long duration; that the
course of events following that stage probably did not differ greatly
from present history; and that the period was probably laro'ely taken
up in deposition of sediments subaerially over the topographlc ’
basins, gradual subsidence of the basins, and temporary incursions
of the sea into them. Deposits of various kinds, fresh-water, sub-
aerial, and marine, were built up into one conformable succession of
beds Wlth a th1ckness of as much as 3,000 feet or more. The period
ended in great orogenic movements that caused the greater part of
the "disturbance now visible in the post-Eocene formations. The

Tulare beds and all those below them were warped.into folds and

tilted at high angles. Similar movement took place widely along
the Pacific coast early in the Quaternary, and the disturbances here
may be ascribed to the same general epoch of activity. It is partly
on the basis of this correlation of movements that the Tulare period is
considered as extending into Quaternary time. The previous great-
est periods of movement of which record- has been obtained in
the Coalinga district were at some time in the later, half of the
Cretaceous and at the close of the Tejon (Eocene). The relative
importance. of these movements is hard to estimate. It would
appear from the fact that all the post-Eocene beds up to the Qua-
ternary have been so violently displaced, the youngest as much as
the older ones, while the earliest formations are not everywhere
greatly d1sturbed that the movements following the Tulare period

. were the most profound of all.  But it must be borne in mind that

the compact older formations have acted as a buffer against which

_the late movements have crushed the little-consolidated and there-

fore pliant, later strata, and that great disturbance in the Tertisry

_.and later beds does not necessarily represent as great a causal force

as shghter displacements in the great homogeneous and compacted
series of older rocks, such as those belonging to the Cretaceous,
This principle being taken into consideration, and the great amount
of disturbance in most places in the Cretaceous beds due to forces
acting in a period preceding the Miocene being noted, it may be
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conceded tentatively that the greatest orogenic movements were of
pre-Miocene date. The strata on the flanks of Juniper Ridge may
be cited as an example of the comparative amount of deformation
produced in some places by the different movements. The Creta-
ceous beds there were “steeply tilted before the Miocene, and the
Vaqueros (lower Miocene) strata that were laid down over their
eroded edges have been uplifted with only gentle tilting in the subse-
quent periods, whereas only a couple of miles eastward, where not
protected by the solid foundation of Cretaceous rocks, the Miocene
beds have been sharply folded and faulted. The movements following
the Tulare resulted both in broad tectonic uplift and in local warping
along-the axes of upward movement that determine the present
mountain and hill tracts. But these axes had already existed for a
long time and the broad features of the mountain regions had been
outlined in the previous epochs of movement.

LATE QUATERNARY PERIOD.

The processes that are taking place at the present time are a con-
tinuation of those that have been active since the end of Tulare time.
During the later Quaternary the great basin of the San Joaquin Valley
was continually receiving the wash from the mountains, and approxi-
mately horizontal .deposits similar to those of the Tulare formation
were being laid down over the valley floor. They must have accu-
mulated to a depth of many hundred feet in this and the smaller
valleys as well. During this period: the motintainous tract was
being worn down; but at the same time it underwent a gradual
uplift that kept pace partly with the wasting away. It is not
known how great a portion of Quaternary time the Tulare period may
have occupied, but judging by the amount of movement along the
structural axes, erosion of the mountains and hills, and aggradation
of the valleys that has taken place since its close- we may conclude
that most of the Quaternary has been consumed in the subsequent
events. Some other features of the geologic history are outlined
in the sections dealing with the physiographic development and the
faunas. :

THE DEVELOPED TERRITORY. .

HISTORY OF DEVELOPMENT IN THE COALINGA DISTRICT.¢

The attention of oil men was early called to what is now known
as the Coalinga oil district by a “live” oil seepage on the south line
of sec. 17, T.19S,, R. 15 E. of the Mount Diablo base and meridian,
at a point about 1,000 feet east of the southwest corner of this section.

aMany of the data concerning the early developments in the Coalinga district have been obtained from
written communications of W. W. Orcutt and from accounts given by W. L. Watts in bulletins 3 and 19
ofthe California State Mining Bureau, published, respectively,in 1894 and 1900. Theworkof G, H. Eldridge
has also brought to light some information which is here included,
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At this point a considerable quantity of light oil of a greenish color
came up through the shales. It is said that in the early seventies
this oil was collected in pits and there refined in a small way.

The early prospectors believed that this seepage had its source in
a productive oil sand, but they did not know its extent, its depth
below the surface, nor in what direction the sand lay from the seep-
age, for at this point the strike of the shale swings abruptly from a
nearly north and south line to an easterly and westerly direction.

The first successful development work in the Coalinga district
took place in the Oil City field about 1890. At this time the Coast
Range Oil Company, of Los Angeles, sunk a well 163 feet in the
purple shale of the Chico formation in the northern part of sec. 20,
T. 19 8., R. 15 E., from which gas and a little greenish oil of light
specific gravity is said to have flowed. A windmill pump was
attached to this well, and 10 barrels of oil was pumped from it
daily for two days, after which the production fell gradually.

In 1891-92 four wells were drilled in the same vicinity by Messrs.
Rowland and Lacy, of Los Angeles, but only one of these was suc-
cessful. It was 400 feet deep and yielded 9 barrels of oil daily.

W. L. Watts visited the district in 1893, gathering material for
his report on the San Joaquin Valley oil districts,® and reports that
at that time he found five wells in the Oil City region, three of which
were plugged and in two of which oil or gas was rising. . The pros-
pects for a great field were therefore not encouraging at that time.

In 1895 the Producers and Consumers Oil Company, of Selma,
organized by J. C. McClurg and others, sank two wells a short dis-
tance southeast of the wells of- Rowland and Lacy, which ylcldcd
15 and 20 barrels of 34° Baumé oil per day.

In 1896 Chanslor & Canfield drilled three wells in the southern
part of sec. 17, T. 19 S., R. 15 E., just north of the sites of the original
Oil City wells, and were rewarded with small producers. They then
took over the property of the Producers and Consumers Oil Com-
pany in the NW. % sec. 20 and drilled a well 300 feet east of the
old wells and struck oil sand at 890 feet, which yielded 300 barrels
of oil per day. This was the first big well of the district.

The Clear Field Oil Company, a branch of the Union Qil Company
of California, drilled a well in the southeast corner of sec. 18, T. 19 S.,
R. 15 E., in 1897. This well was 1,100 feet deep and showed only
a trace of oil.

In 1897 the Home Oil Company, of Selma, entered the field and
began drilling still farther east or farther down the dip of the strata,
and completed a 1,400-foot well (the famous Blue Goose), which is
said to have flowed from 500 to 1,000 barrels of oil per day and to
have maintained a production of 250 barrels per day as late as August,

a Bull. California State Min. Bur. No. 3, 1894,

*

»
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1900. Unsuccessful wells were drilled in the Westside field during
this year, among them being that of the Sunnyside Oil Company,
now the Henshaw water well.

In 1899, after the completion of the Blue Goose well, several other
companies commenced operations in the Oil City field, but with in-
different success or failure. The most important event in develop-
ment during this year was the drilling of water wells by J. A. McClurg
in the SW. % sec. 16, T. 20 S., R. 15 E., the water thus obtained
being piped to the Oil City field and the region to the west.

The development of the Eastside field began in 1900 with the

- drilling operations of the Independence, Oil City Petroleum, Twenty-
eight, Caribou, and other companies. During the same year several
prospect holes were put down in the Kettleman Hills and Kreyen-
hagen fields. In the latter field several more or less productive wells
had been put down a short time previously. Between 1900 and 1907

“no developments of consequence took place in the Kettleman Hills
and Kreyenhagen fields, but in 1907 and since then up to the present
time more or less activity has been displayed in the region south of
Waltham Creek, and such wells as the Golden Crest and El Cerrito
have attempted to obtain oil in formations overlying the Santa Mar-
garita (%), but so far without success.

Successful dcvelopment work was begun in the north end of the
Westside® field in 1901, when the Mercantile Crude, Commercial,
Call, Main State, and other companies started drilling. Exploita-
tion was gradually carried southward until the region as far as the
Esperanza lease in the SW. % sec. 6, T. 20 S., R. 15 E., was proved.
The unsuccessful Blue Diamond hole in the NE. % sec. 26, T. 20 S.,
R. 14 E., was also put down about this time, and tended to discour-
age development in the southern part of the western field.

In 1902 the California Oilfields (Limited) entered the Eastside
field and soon began active operations in secs. 21 and 27, T. 19 S,
R. 15 E. Development work was still carried on in the Westside
field, but the decline in the price of oil was at this time beginning to
show its effects on the development.

Notwithstanding the low price of oil, which reached as low as 15
cents per barrel in 1905, drilling operations were carried on continu-
ously ‘throughout certain parts of the field from 1902 to 1906. In
the fall of 1906 the Lucile well was brought in as a strong producer,
thus proving the south end of the present Westside field. Beginning .
with the impetus that this discovery gave to development and
encouraged by the gradually bettering conditions of the oi] market,
exploitation throughout the Coalinga field went ahead rapidly until
in the summer of 1908 about 100 wells were being drilled simultane-
ously in the district. Mention should be made of the influence of
the operations in the northern part of sec. 34, T. 19 S, R. 15 E.,



182 COALINGA OIL DISTRICT, CALIFORNIA.

which were carried on in 1906 and 1907, by the late Mr. W. P. Kerr
and associates. The wells brought in by these men are the most
productive in the district. During the latter part of 1906 ana the
beginning of 1907 these and -practically all the other independent
wells in the Eastside field, with the exception of those in section 22,
were absorbed by the California Oilfields (Limited) or by the Stand-
ard Oil Company, which had entered the field as a producer.

An important event in development in 1908 was the completion of
the T. C. Oil Company’s well in sec. 2, T. 19 S., R. 15 E., which
extended the proved territory of the Eastside field 2 miles northward.
Among the developments of importance in 1908 and 1909 were the
series of exceptionally productive wells of the American Petroleum
Company drilled along the eastern edge of the proved Westside field,
and the wells of the Nevada Petroleum Company drilled still farther
east, which showed zone B to be unproductive in that territory but
which encountered productive beds in zone D. In September, 1909,
the Silver Tip No. 1, in sec. 6, T. 21 S., R. 15 E., came in as a gusher
and produced at the rate of about 20,000 barrels a day for several
hours. This well drew the attention of oil operators to the south end
of the Westside field, and its completion was followed by renewed
activity in sec. 12, T 21 8., R. 14 E., and sec. 18 T 21 S R. 15 E.

AREAS DISCUSSED

For convenience of dlscuSS1on 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
Eastside field, embracing the territory northeast of Oil Canyon and
including Anticline Ridge; (3) the Westside field, extending south-
eastward from Oil Canyon as far as Alcalde Canyon (4)-the Kreyen-

hagen field, which includes the Jacalitos and Kreyenhagen hills,
- Reef Ridge, and the territory southward to the Kings County and
Kern County boundary; and (5) the region of the Kettleman Hills,
extending from the Guijarral Hills southward.to the gap separating
the Kettleman Hills from the Lost Hills.

OCCURRENCE OF THE PETROLEUM.

The following is a brief summary of the conditions of occurrence
of petroleum in the Coalinga district, and is inserted here as intro--
ductory to, the detailed and necessarily more local discussion con-
cerning each particular field, which follows.

FORMATIONS IN WHICH PETROLEUM OCCURS.

Petroleum occurs in ﬁve different formations in this dlstrlct—the
purple-shale member of the Chico-(Upper Cretaceous), the Tejon
(Eocene), Vaqueros ‘(lower Miocene), Santa Margarita (?) (upper
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middle Miocene), and Jacalitos (upper Miocene). . In the first two the
oil is thought to be primary—that is, it is believed to have originated
in the formations; in all the others it is se’condary—that is, it has’
come into them from some outside source since their deposition.

OIL LONES

General description.—Within each of tshe formatlons mentloned'
are one or more oil-bearing: zones- consisting either .of more or-less
extensive layers of sand orgravel or of local lenses of the same mate-
rials, which can be traced in a general way over-large areas.  The oil
sands in the Chicq will be referred to collectively-as the Chico oil zone;
those in the Tejon as the Tejon oil zone; those in‘ the-loewer 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 Santa Margarita (?) and
the lower Jacalitos in the Westside field south of Los Gatos Creek
as zone B; 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 contourinPlate XV. With the exception of those
in the lowest zone in the Vaqueros (zone D) the oil sands are known
to consist mostly of more or less local beds or lenses varying in thick-
ness, composition, grain, and hardness from well to well and often
showing a puzzling diversity in grawty of product within short dis-
tances. Zone D, as would be expected of the basal portion of a wide-
spread formatlon, partakes of the same general characteristics
throughout nearly its entire range within the district—that is, it is
generally coarse gravel at the base, with somewhat finer gravel or very
coarse sand above this and finally medium-grained sand. The pro-
ductive beds in the other zones vary from medlum fine-grained to
coarse pebbly sand or even gravel. :

Chico 0il zone.—The sandy:zones in the lower portion of the purple-
shale member contain commercial quantities of oil on the Coalinga
anticline in the Oil City field. It was the inducement offered by
. seepages from this member 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 Chico oil zone is a paraffin oil, usually of light -
gravity, about 33° to 34° Baumé, and is'greenish in color. The thick-
ness of the productive sands is ordinarily between 15 and 60 feet,
and the ylelds are light, 4 to 75 barrels per well per day bemg 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. -

‘ Teyon 0il zone.—The Tejon is.known.to contain accumulations:of
oil in commercial quantities only in ‘thé southern portion of the dis- -
trict, where the oil has gathered in‘thé porous sandstone of the lower
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member, below the shales of the upper member, in which it is sup-
posed to have originated. The productive sandstone outcrops in the
steeply dipping monocline of Reef Ridge in the Kreyenhagen field.
Wells have been put down at a number of places, but have obtained
only small quantities of oil from this zone. An amber-colored oil of
45° to 48° Baumé gravity occurs sparingly in the uppermost produc-
tive Tejon sands of the Oil City field. This is the lightest oil in the
Coalinga district and among the lightest in the State.

Vaqueros o0il Zomes.—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, Kastside field and a considerable part of
that in the Westside field and is thought to contain commercially
~ important quantities in the Kreyenhagen field and in the region of
the Kettleman Hills. 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 under 150 feet in the Eastside and under 100 feet in the
Westside. Three zones are recognized in this formation, the lowest
or zone D, the middle or zone C, productive only in certain parts of
. the Eastside field where it yields oil up to 31° Baumé in gravity; and
zone B, recognized as Vaqueros in the Eastside field and the rforthern
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
Fastside. It is black or dark brown and the production averages
between 100 and 200 barrels per well per day. One well in the
Eastside field is now flowing 3,000 barrels of oil per day and an
initial yield of 7,000 barrels in 18 hours was recorded for another well
in the same field, but these figures are unusual. The Silver Tip well,
in the south end of the Westside field, yielded at the rate of 20,000
barrels a day for a few hours during its initial flow; this is the maxi-
mum rate for the district. ) :

Santa Margarita (%) oil zone.—A stratum of sand carrying charac-
teristic fossils of the Santa Margarita (%) formation immediately over-
lies the Tejon (Eocene) 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 discussed 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 (%) formation. The Big Blue in the Eastside field immedi-
ately overlies the uppermost Vaqueros oil zone, zone B, the top of
which is shown in contour on the map (Pl. XV),
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Jacalitos o1l zones, zones A and B.—The Jacalitos (upper Miocene)
formation is productive throughout the Westside field except at the
extreme south and north 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 the Tejon formation—the source of the oil. The line marking
the area of productivity of zone B in the Westside field passes some-
where near the east line of the W. § sec. 30, T. 20 S., R. 15 E., for in
the American Petroleum wells along the west line of this section zone
B is unusually productive, whereas half a mile to the east, in the
Nevada Petroleum wells, zone B is practically barren in the latter
wells zone D is the productive zone.

Two oil zones are recognized in the Jacalitos formation, the lower
or zone B, which is the productive zone over the southwestern part
of the Westside 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
Westside 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 and at least as far south as the M., K.
& T. wells the oil is believed to come from beds in the uppermost
portion of the Vaqueros. :

FACTORS ‘ INFLUENCING ACCUMULATION.

The influence of structure upon 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 purple-shale
member of the Chico (Upper Cretaceous) 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 accumula-
tion seems to hold good. The anticlinal theory of oil accumulation
assumes that the oil, being of less specific gravity, rises above the
water in porous rocks and collects at the highest possible points in
upward folds, being there confined by impervious strata arching over
the folds. The presence of water, according to this theory, is neces-
sary for the accumulation of oil in anticlines.® A modified form of
the same theory is apparently applicable to certain monoclines, 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 or heavy hydrocarbons that are left upon

a For a fuller discussion of this subject see The geology and oil 'resources of the Santa Maria oil district,
Santa Barbara County, California: Bull. U. S. Geol. Survey No. 322, 1907, pp. 71 et seq.
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evaporation of the lighter substances originally in the contained
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, ¥s, for
instance, in the deeper portions of the Westside field and in by far the
greater part of the Eastside field, the structure apparently plays but
a minor part in the accumulatlon 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 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 upon (1) the proximity of the par-
ticular sand to the Tejon; (2) the state of disturbance of the underlying
shale of the Tejon, or its relative position (whether unconformable 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 territory 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 shales of the Tejon;
that the productiveness is greatest where the Tejon occupies a position
of angular unconformity with the Miocene sands or is more or less
disturbed, as near. the axis of an antlchne such as the Coalinga
anticline.

FACTORS INFLUENCING GRAVITY.

The or avmf of the petroleum at any point in any particular bed is
apparently influenced -chiefly by (1) the original compositien of the
oil; (2) the thickness and comp0s1t10n of the media through which it
has migrated and in which it is detained; (3) its.present or past asso-
ciation with water; and (4) its present dlstance from the outcrop of the
oﬂ-besmng zone or its depth below the surface. Little definite infor-
mation is now available concerning the effect of many of these factors.
It seems in general, however, that the oil loses in gravity by migra-

“tion either upward through various strata, or along a particular bed,
or downward as in the supposed mlgratlon of the oil from the upper
shales to the lower sandstones of the Tejon; that it loses on associa-
tion with water; that within certain limits oil decreases in gravity up
the dlp, owing probably to proximity to the surface, with the accom- '
panying 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 retam its original quality.
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RELATIONS OF WATER TO OIL.

The most important question 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 are 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 were exposed. This
secondary water is seldom under much head, although in a few wells

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
occur above this sulphur-water sand, though one or more tar sands
are found over it in places; 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 seepages 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 there is a p0351b111ty that the sulphur even in this’ par-
ticular sand had an origin independent of the petroleum.

In all of the wells in the Westside field in which the J acahtos or
upper Miocene oil zone (zone B) can be recogn17ed that - -zone -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.. Except in a very smdll: ‘area in the Eastside
field no water has so far been reported from below the lowest
Vagqueros oil zone (zone D), which indicates almost conclusively that
water was not the elevating force for the oil of zone D it also strength-
ens 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 deposi-
tion or water that has come up from below under hydrostatic pressure.
Small quantities of water are encountered between the base of the
uppermost or fine-grained stratum, bearing light-gravity “oil, and

- ~
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the coarser stratum, carrying heavier oil, which underlies it in zone
D in the region of section 6, at the south end of the Westside field.

ORIGIN OF THE PETROLEUM.

The oils of the Coalinga district are believed to have been derived
from two different sources, namely, the organic shales forming the
uppermost member of the Chico (Upper Cretaceous) and those
described as the upper portion of the Tejon (Eocene). It is believed
that the oil originated from the organic matter, both vegetable and
animal, once contained in these beds. The shales are composed in
large part of the tests of foraminifers and diatoms, and a smaller
number of other organisms, in such abundance as fully to warrant
the assumption that the animal and vegetable material that must -
‘have been contained in them when deposited was adequate for fur-
nishing a quantity of hydrocarbons and other compounds more than
equivalent to the quantity of petroleum found in this field.

The purple-shale member of the Upper Cretaceous is saturated
with petroleum, and its interbedded sands have proved to be pro-
ductive reservoirs. Practically all the free oil of this member seems
to have collected in the sandy zones in the lower portion, none passing
below them and little or none entering the beds overlying this member.
The overlying beds are of dark, compact clay, moist at least surficially
and probably throughout, which it is believed would not allow the
escape of much oil. Thus, owing to the presence in the shale of
. zones favorable for the absorption of the oil and of superjacent beds
unfavorable to its escape, it has- been retained within the purple-
shale member where it is thought to have originated. Both for this
reason and because the uppermost member of the®Cretaceous is
limited to a small area in the northern part of the district we must
look to some other source for the oil occurring in the Eocene and
higher. Furthermore, the petroleum of the purple-shale member of
the Cretaceous is of a very different character from that obtained
from the later beds, as will be seen upon examination of the analyses
made by Irving C. Allen (pp. 267-272). Samples numbered 21, 23,
and 24 were obtained from wells of the Coast Range, Coalinga, and
Home oil companies of the Oil City area, which get their oil fromthe
purple-shale member of the Upper Cretaceous. All the other samples
were from wells that do not penetrate lower than the top of the
Tejon (Eocene). The Cretaceous oil is greenish or brownish in color,
of light gravity, and contains paraffin, a high percentage of naphtha,
and a very low percentage of asphaltum. The other oil of the dis-
trict is distinctly an asphalt oil and is lacking in paraffin. It is
" therefore evident that there are two distinct oils in the Coalinga
district, to which different ages and origins are to be ascribed.

~
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The asphalt oil affords by far the most abundant supply of the
district and is believed to have its source in the shales forming the
upper member of the Tejon, which are petroliferous throughout the
district. This oil is obtained by the wells from the Miocene beds,
which are petroleum-bearing wherever they overlie the shales of the
Tejon. Wherever they overlie some older formation, however, their
relative productivity varies inversely with the distance from those
shales. ’ '

If we were to suppose that the oils of this district had some deeper-
seated origin and that the shales of the upper Chico and of the Tejon
had acted merely as channels of migration for the oil from below
we would expect to find the shales of the subjacent Knoxville-Chico
(Cretaceous) also acting as channels of migration, for they 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 formations
overlying them containing at least as much oil as, if not more than,
the same formations overlying the Tejon. But these postulated
conditions concerning the Knoxville-Chico (Cretaceous) do not exist.
In all that part of the district in which the purple shale, the uppermost
member of the Knoxville-Chico, is not present the Cretaceous shales
and sands have been examined carefully in outcrop, and wells have
been drilled into them in several places, but no indications of
petroleum were found. Beds of Miocene age do mnot occur in
contact with the petroliferous member at the top of the Chico.
Where Miocene (Vaqueros, Santa Margarita(?), Jacalitos, and Etche-
goin) sands overlie the Cretaceous in a position analogous to that of
the Miocene overlying the Tejon (Eocene) these sands yield oil only
when situated comparatively near the Cretaceous-Eocene contact.
This is most significant, indicating that the Cretacous did not yield
the oil, but that, as would be expected, the oil, after passing from
the Focene into the Miocene, has migrated for a short distance along
the strata of the Miocene out over Cretaceous beds. Further nega-
tive evidence pointing to the origin of the oil in. the upper members
of the Chico and the Tejon is presented by the fact that there are no
faults of consequence within the productive area along which migra-
tion from depths could have taken place. -

CONTOUR MAP OF THE COALINGA FIELD.
EXPLANATION.

The contour map of the Coalinga field (Pl. XV) shows the topog-
raphy, geologic structure, boundaries of the more important geologic
formations, and certain details of culture, such as towns, section lines,
property lines, a few roads, and oil wells. The structure in the pro-
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ductive territory is indicated by contours showing the distance above
(marked +) or below (marked —) sea level of the base of the

Big Blue or top of zone B in the
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FIGURE 7.—Hypothetical section along line A-A4’, Plate XV, from the Westside to the Eastside field, showing the relations between the oil
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Eastside field, and of the top of
zone Bin the Westside field. The
contout ‘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.  (See also figs. 7, 8; Pls.
XVI, XIX, XX, XXI,) '

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 the
SE. } sec. 24, T. 20 S, R. 14 E.
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 about 500 feet below
sea level here. :

A close approximation of the ele-
vation of:the point may be had
by looking up the elevation for
the nearest derrick (see list, p. 248),
which happens to be Claremont
No. 4, elevation 792 feet, and cal-

~ culating 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 zone B is therefore 500
feet plus 770 feet, or approxi-
mately 1,270 feet; and as zone B
is the uppermost productive zone

for this part of the field that distance is the one desired.

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,
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REGULARLY DIPPING BEDS OF SANTA MARGARITA (?) AND JACALITOS FORMATIONS ON NORTHEAST FLANK OF COALINGA ANTICLINE IN EASTSIDE FIELD.

Looking north from ridge on which the Standard Oil Company old camp is situated. Note steep slopes eroded in soft sedimentary beds, the topographic reflection of structure, and difficulties
attendant upon operations. Photograph by Ralph Arnold.
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VIEW LOOKING SOUTHEAST DOWN PLUNGING AXIS OF COALINGA ANTICLINE IN EASTSIDE FIELD.

Note Pleasant Valley and Reef Ridge in distance on the right, the sky line of Kettleman Hills in the center, and low arch of the anticline forming Anticline Ridge in the middle
distance. Photograph by Ralph Arnold.
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" 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
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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,
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however, by reading over the text referring to this part of the fisld
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 of the beds in the NW. } sec.
23, T. 19 S, R. 15 E. An examination of the contours shows that
the beds are dipping 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 calculated by
measuring in these directions instead of directly down the dip of the
beds, which is always at right angles to the direction taken by the
contours. L

BASIS OF THE CONTOUR MAP.

The section lines and other culture marks were determined by
E. P. Davis, of the United States Geological Survey. Thelog of nearly
every wellin the field either finished or sunk any considerable distance
on October 15, 1909, was used in the determination of the under-
ground structure and the compilation of the data concerning the oil
zones. All the obtainable surface evidence of dip, strike, and occur-
_rence of petroleum was also used in the preparation of this map.
Where the surface and the well-log evidence were at variance the
latter was usually followed. In unsymmetrical features like the
Coalinga 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 certain zones does not
lie directly under the trace of the same anticline or syncline on the
surface. .

DIFFICULTIES OF PREPARATION AND DEGREE OF ACCURACY.

After all the logs had been carefully plotted on a uniform scale
it was found that the greatest obstacle to overcome in the preparation
of the contour map was the difficulty of correlating the strata from
one well to 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 Cali-
fornia fields. It must be said, however, that the structure in the
Coalinga district is more regular and the conditions more favorable
for a successful study and mapping of the underground geology than
they are in any of the other California fields so far examined by the
senior author, not excepting the Santa Maria field, which was stud-
ied in 1906 and of which an underground contour map was prepared.®

—

@ Bull. U. 8. Geol. Survey No. 322, PL1. X,
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" The effort has been made to delineate on the present map all the
details of structure consistent with the use of the well logs as confi-
dential information, and to supplement these details by showing for
the untested areas what seem to be most probably 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 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 necessarily increases with the distance away
from the drilled ground. Future development will add much to our
knowledge of  this field and will show the inaccuracies of the con-
touring as here presented, but it is hoped that the benefits which
may accrue to the operators from a knowledge of the general struc-
ture 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 southern part of sec. 17 and the
northern part of sec. 20, T. 19 S., R. 15 E. The conditions in the
territory immediately south of Oil City, in the southern part of sec-
tion 20, which has been tested but found to be poorly productive, will
also be discussed here with the Oil City field. The Coalinga Oil Com-
pany and the Home Oil Company are now the only producers in the
Oil City field.

GEOLOGY AND STRUCTURE. .

The Oil City field is situated along the east side of the belt of shale
and interbedded sands of the uppermost member of the Knoxville-
Chico (Cretaceous), which has been often referred to as the purple-
shale member, the oil being obtained chiefly from the sandy zones in
the lower portion. The proved productive ground occupies the
same general relation to the plunging Coalinga anticline as the
productive territory farther southeast in section 28—that is, it is
on the more gently inclined or northeastern flank of the fold.
Surface dips of 50° to 90° and even dips overturned past the vertical
occur throughout the area along the southwestern limb of the anti-
cline, while a surface dip of 32° is the maximum for the northeastern
limb. The well logs indicate a relatively constant dip of about 26°

88170—Bull, 398—10——13 ’
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(42 to 44 feet per hundred feet) southeastward down the axis of the
anticline and relatively a somewhat steeper dip in the beds immedi-
ately north of it in the productive territory.

GEOLOGY OF THE WELLS.

The wells start either in the upper portion of the purple-shale
member of the Cretaceous or in the lower portion of the Tejon (Eo-
cene) 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, which is amber-colored -and which runs as high as 48°
Baumé in gravity; gas is also reported from the first sand in other
wells, and in still others it is dry. The second and third sands com-
prise a zone 60 to 100 feet thick, which is petroliferous throughout
almost its entire distance in some of the wells, while in others the
two sands are separated, the upper usually running from 15 to 20 feet
thick and the lower from 40 to 60 feet.

A section of the second and third sands in the productive area is as

follows:
Section of second and third oil sands, Ol City area.

. Feet

Hardsand .......ooooiiieiiiaiaiian.. e 4
S Soft pay sand. ... = 15
Very hard sand. ..o o i 6
Alternating hard and pay sands. ... ... o i 47
) 72

All the sands are coniparai;ively 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 up 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
pretty thoroughly tested and, though most of the wells have yielded
‘more or less oil, they were not deemed profitable enough to warrant
continuous operation. The following log of a typical well in the
abandoned territory will show the general character of the Te]on
formation for this part of the area:

Log of Phoeniz Oil Company’s well No. 3, in the SE. % sec. 20, T. 19 8., R. 15 £

Feet
Pinkshale. .. .o 300
Sand with Water. ... i 330
Dark-colored shale. ... ... .. 420
Sand with sulphur water and oil................oo. o ol il e 440
Dark-colored shale................... i 500
White clay shale........o oo il 520

a Watts, W. L., Oil and gas yielding formations of California; Bull. California State Min.  Bar. No. 19,
1900, p. 140.
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Feet.
L0 T A 535
Shale ..o e e e e e e e e e e i 540
White shale. ..o e 560
Oilsand..coooeeme e e e 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 log given above and the conditions described are
characteristic of most of the test wells put down in this area. The

following are the companies that have operated here south of Oil City:

Blue Goose Oil Company, E. 3 NE. 1 sec. 20; well No. 1, depth, 2 200 feet, through
brown and blue shale; no oil, but much water; abandoned.

California Oil and Gas Company, SE. } sec. 19; well No. 1, formation principally
shale; abandoned. Same company has a well in the SW. £ sec. 20, also abandoned.

Crescent Qil Company, SE. % sec. 20; well No. 1, depth, 900 feet; little oil at 770
- feet; gravity, 11° Baumé.

Mutual Qil Company, SE. % sec. 20; well No. 1, depth, 1,800 fect; abandoned.

New York Oil Company, SW. § sec. 20. Well No. 1, 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 ]ayers, no oil; abandoned.

Selma-0il Company, SE. % sec. 20; well No. 1, depth, 1,742 feet; httlc oil sand.

Zenith Oil Company, SE. % sec. 20. Well No. 1, depth, 2,380 feet. A little oil
sand at 1,735 feet yielded 10 barrels a day of amber-colored oil, 38° to 42° Baumé
gravity. Later it was drilled deeper and struck a large quantity of salt water which
rose within 300 feet of the top of the hole. The oil sand in this well is probably the
same a§ 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 lower sands of
the Chico oil zone. Well No. 2, same as Selma No. 1 (?).

PRODUCT. B

The production of the wells in the Oil City area varies from 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, which now will
average not more than 4 barrels per day. Inseveral 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 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 south-
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east, especially near the axis of the flexure. This is shown by the
fact that wells 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 gravity of the oil varies from as high as 42° to 48° Baumé, of
which grades there are only small amounts of oil, said to come from
the uppermost sand in some of the wells (5 gallons of 48° oil from one
well), 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. It is a paraffin oil and very dif-
ferent from the oil that occurs in the oil zones in the Miocene.

EASTSIDE FIELD.

PEERLESS—BRITISH CONSOLIDATED—T. C. AREA.
LOCATION.

This area comprises that part of the Eastside field which includes
the northeastern portion of section 21 and the northern part of
sections 22, 23, and 24, extending to the line between Tps. 18
and 19 S. at the north end of the area mapped. The companies oper-
ating in this area are the Coalinga Peerless, Camwell, Good Luck,
British Consolidated (formerly California Diamond), Lorene, T. C,
William Graham, Imperial, Bowling Green, and California Oilfields
(Limited). '

) GEOLOGY OF THE WELLS.

All the wells in this area start down either in the Santa Margarita (%)
(middle Miocene) or the Jacalitos (upper Miocene) formation be-
tween the top of the Big Blue and the base of the Etchegoin. They
all penetrate to, and some of them entirely through, the Vaqueros .
(lower Miocene) formation, which includes the oil-bearing zones,
B, C, and D, of this.part of the field. The variation in the beds
penetrated is rapid, as the logs indicate, and it is seldom possible to
trace a single stratum except the Big Blue more than one-eighth or
one-fourth mile.

The map (Pl. XV) indicates by contours the distance of the base of
the Big Blue above or below sea level. The Big Blue-varies in thick-
ness 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. In the region of section 2 the Big Blue and its in-
cluded or equivalent red beds and sandy layers are penetrated for
about 600 feet'in the wells. One of the unique characteristics of the
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Big Blue for this area and also for nearly all of the Eastside field
consists of the red-shale layers which are at various pointsinterbedded
with the blue variety. These red shales are well shown in outcrop in
secs. 3 and 10, T. 19 8., R. 15 E., where, owing to their peculiar tints,
they may be seen for a distance of several miles. The red shale con- .
sists almost entirely of comminuted serpentine, which is naturally
green but is turned red by the oxidation of the iron, of which serpen-
tine contains a relatively high percentage. 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. } sec. 22 eastward to the deep-
est wells. Lenses of water sand are also reported in the Big Blue
from the middle of section 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 section 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 lie from 20 to 180
feet above the first productive zone, zone B, but is not reported in all
the wells. In the region of section 2 sulphur water is usually encoun-
tered within 50 feet below the bottom of the Big Blue. 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 second productive oil zone
(zone C) thereis about 350 feet of dry sand, shells, and, just above the
oil sand, some blue or brown clay or shale layers, the last sometimes
carrying oyster shells. 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 alternatmg
coarse sands, fine gravels, blue and brown shale, and shells, with coarse
gravel at the base of zone D. The productwe measures are usually
about 225 feet through—that is, from the top of the first productive
sand to the brown shale of the Tejon (Eocene)—and, though they com-
prise both zones C and D, a ssparation. 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.
Toward the northern part of the area under discussion the strata
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below the base of the Big Blue thin to about 500 feet in the wells, only
the lower 150 feet of this being productive. '

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 section 22. It is usually about
10 feet thick. About 40 feet below the Sauer Dough is a 40-foot sand
known as the Pulaski sand. A careful comparison of the logs in the
areashows 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 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 section 2 is said to have had an initial pro-
duction of 400 barrels a day, but the yield has now fallen to 100 or
150 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 per 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 manage-
ments. One well which had an initial production of 200 barrels now
yields only 20 to 25 barrels per day. This decrease is probably due not
entirely to natural causes but to a sanding up of the hole. The grav-
ity 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
the oil from any particular one. However, the uppermost important
productive zone (top of zone C) in the area is believed to yield oil of
between 20° and 21° B. gravity. The next sand, say about 80 feet
below the first, yields oil of 24° B. gravity, or possibly slightly better,
while the lowest sand (base of zone D) which rests directly on the
shales of the Tejon formation produces 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 from
the oil sands. Relatively little sand is yielded by the wells after the
initial period of production, but much trouble has been encountered
in some of the deeper wells owing to the gas pressure forcing the sand
in from the bottom. Gas accompanies the oil in all the wells and is
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also encountered alone in isolated pockets, usually above the pro-
ductive zones. Other conditions being the same the greater gas
pressure occurs in the deeper wells.

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 éntirely upon the careful handllng of the
lower waters immediately overlying the oil sands.

STANDARD—-CARIBOU—BRITISH CONSOLIDATED AREA.
LOCATION.

The area described in this section covers the northeastern portion
of section 27, the southern part of sections 22, 23, and 24, all of sec-
tions 25 and 26, and the northern part of sections 35 and 36. The
following companies operate in this area: California Oilfields (Lim-
ited), Standard Caribou, Associated, Twenty-Two, Record, Pittsburg,
Octave, Sauer Dough, Porter, Butlsh Consolidated, and Boston and

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 sections 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 re-
~ ported interbedded in the Big Blue in nearly all of the wells through-
out the area. These red beds seem to thicken and become relatively
“more prominent in the deeper wells toward the east and north. Some
white and light-blie shale layers also occur in the same zone, and in
the western part of the area gray and brown dry sands are encoun-
tered above it. From a point a short distance west of the middle of
the line separating sections 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 620 to more
than 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 in Pl. XV) begins immediately
at the base of the Big Blue and is from 100 to 180 feet thick. The
greater thickness occurs in the deeper wells. In the western part
of the area zone B consists of dry sands, dry oil sands, or poorly
saturated oil or tar sands; farther east it is commercially productive
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in some of the deeper wells but not in all. Where productive, as in
the western part of section 26, the gravity of zone B oil is about 14°
to 16° B. Below zone B and between 11; 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 one to four productive sands in this zone. The lowest
productive zone (zone D) rests directly on the shale of the Tejon
(Eocene), is very coarse, consisting of pebbly sand or fine gravel,
and is usually the best producer as regards quantity, 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 base of the
Big Blue. The seashells in some of the Caribou wells are found just
above the oil sand and associated with it.

Water is now causing trouble in the region of the SE. ¥ sec. 22, T.
19 S., R. 15 E.; the source is believed to be sands occurring in the
Vaqueros between zones B and D.  Some of the operators lean to the
belief that this water has been let into the sand by faulty handling of
the wells; others believe that the water was originally in these sands,
and to this theory the writers are inclined.

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 are perforated in many of the wells, 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 indi-
cated. The initial production in the wells varies from about 150 to
1,600 barrels per day. The average production at present is some-
where near 400 barrels. The best producers, as a rule, are among
the deeper wells, although for one which is well up on the dip (SE. }
sec. 21) an initial yield of 1,500 to 1,600 barrels per day is reported.
This well obtained 200 barrels per 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.
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The gravity of 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. §
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 24°, while the lower, coarser, but generally more productlve
sands (zone D) yield 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 gas free from this element.
The influence of one well upon the gas pressure in another is often
very marked. A certain well, for instance, dropped off-more than
25 per cent in production when another well within 300 feet of it
was brought in. ’

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

This area includes the eastern part of section 28 and the western part
of section 27, excluding the portion along the south line of section 27.
The Standard and California Oilfields (Limited) are the only companies

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 eiglith of 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 sections 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
Oilfields, section 27, No. 20, and extending down into the northern
part of section 34, is 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. It is about 30 feet thick and hard, but is believed
by some of the operators to be capable of yielding 50 barrels of oil
per day, though as 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
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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.
The deepest wells have not penetrated the entire thickness 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° B. 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° B. oil per well. A group of wells in the
middle of the western part of section 27 and in the eastern part of
section "28 produce oil of 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 neces-
sarily more or less arbitrary.

" PRODUCT.

The wells in this area have all been drilled since 1902. The prod-
uct of those wells deriving their supply from the upper sands (zone
B) varies from 30 to 50 barrels per day of 21° B. oil. The middle
zone (zone C) yields from 125 to 1,900 barrels per well per day, the
gravity ranging from 24° to 31°. One well which had an initial pro-
duction of 1,900 barrels per day in 1904 dropped to 1,300 barrels per
day after one and one-half years. Several of the wells yield on an

average 300 to 400 barrels per day, while another group averages but
" 125 barrels of 26° B. oil. The third zone (zone D) ylelds 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 particu-
lar area are believed to be due to the position of the wells adjacent to
the axis of the anticline, where the shales of the Tejon (Eocene), from
which the oil is derived, are much more fractured and where, in con-
sequence of this fracturing, the oil is permitted to migrate more
easily and with less loss in quality into the overlying porous sands.
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The concentration of the oil within the Tejon, before its emigration,
was also doubtless accentuated along the anticline by the action of
the water which is associated with or immediately underlies the oil
sands. ‘ ' ' ,

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 (Limited), Kern Trading and Oil (Southern Pacific), W. K.
Turner,Claremont, Southeastern, and Coalinga-Mohawk are the com-
panies 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 accompanying map. 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 this 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, which are characteristic
of the Big Blue in the deeper wells farther north, are also to be found
in the deep wells in this area, especially those farthest south. In
the northwestern portion 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 occupying 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 appreciable amounts of sulphur.

The St. Paul sand of the area last described also occurs in the
northern part of this territory, where it is encountered in practically all
the wells, but in none of them, so far as the writers are aware, has
it ever been tested. Those wells which have been put down to the
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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 sand-
stones and shales, which are more or less productive in the various
wells. The relations between the various oil sands in this area are
not well known, but it is believed that the sequence of zones, includ-
ing B, C, and D is similar to that in the area last descrlbed A
10- foot oil sand carrying 17° B. oil occurs at the base of the Big Blue,
this sand probably corresponding to the one which yields a 16° B.
or heavier oil in section 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 shales of the Tejon (Eocene). 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 shutting off of the water before reaching the productive

zone.
PRODUCT.

The wells in this area are only four or five years old, but since their
inception they have maintained a reputation as the biggest pro-
ducers 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 northern part
of section 34 ylelded about 7,000 barrels of oil in eighteen hours. The
casing was practically all torn out by the ejection of this large amount
of fluid from the hole. This well is now producing but 150 barrels

per 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 section 27 is said to have yielded 4,500 barrels of oil
per day for some little time. This well is now believed to yield about
3,000 barrels per day. The gravity of the oil from these big producers
is between 23° and 24° B.

Another well in the northern part of section 34 yielded on an
average about 1,000 barrels per day for over ten months. Still others
of these wells run from 600 to 800 barrels per day. The Coalinga-
Mohawk well, which penetrates but half of the oil-bearing zone
between the base of the Big Blue and the brown shale of the Tejon,
is said to have produced at first at the rate of 150 to 200 barrels
of 32° oil 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 pres-
sure, and when this pressure is removed the heavy oil either forces
back the lighter fluid or allows only a small percentage of it to
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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 mid-
dle, and 26° B. at the base, with an average of about 28° B.

STANDARD--STOCKHOLDERS AREA.

LOCATION.

This area comprises all of section 28 except the extreme eastern
edge, which is described in a previous section (p. 201). The Standard
and Stockholders oil companies are the only operators.

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 one or two 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 pro-
ductive 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 off
the water. 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 formation on the Laval
grade. Zone C consists largely of fine sand from 20 to 60 feet thick and
yields oil of about 21° to 22° B. gravity. The third zone, or zone D,
consists of coarse sand Yo gravel and begins about 100 feet above
the brown shale of the Tejon (Eocene). It is productive through 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 Coalinga anticline 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 irregular
and indicate varying conditions in both the dip and the productive-
ness of the beds. Water is also-more troublesome in these wells,
owing, it is believed, to the disturbed conditions of the elsewhere
impervious beds that surround the water sands. There is very little
gas in the sands toward the western edge of this area,
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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 pro- -
duced 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 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 in the southwest corner of T. 19 S., R. 15 E., and com-
prises the territory controlled by the following companies: The Cali-
fornia Oilfields (Limited), Call, Keystone, Ajax, Atna Petroleum,
Commercial Petroleum, Maine State (formerly the Guthrey), Con-
fidence, W. M. & M. (formerly California Diamond), Empire, American
Petroleum, and Kern Trading and Oil. The wells are on the south-
eastward-dipping monocline of the Westside field at a point where
the strike of the beds begins to bend from northeastward to east-
ward around the axis of the Coalinga syncline.

GEOLOGY OF THE WELLS.

All the wells start down in the soft shales, sandstones, or gravels of
the basal Etchegoin, or in the upper Miocene beds immediately under-
lying this. Toward the western part of the area the wells appar-
ently penetrate only through the upper Miocene formations. On the
western side, that is, in the deeper wells of the Call, California Oil-
fields (Limited), 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. XV), 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, as in nearly all of
the wells, even the shallower ones, the oil rises a considerable dis-
tance in the casing when the sand is first penetrated. The sand in
the shallower wells varies from 10 to 20 feet in thickness, thickening
toward the northeast from the region of the Kern Trading and Oil
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territory. The sand is medium grained to coarse and soft, and the
wells producing from it yield large quantities of sand with the oil,
especially at first. Some of the shallower wells have been known to
flow when first brought in. Farther east, in the vicinity of the
eastern Confidence wells and those of the Maine 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 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 very 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 surrounding ground for over 6
feet in depth.

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
apparently 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 1n 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 grav-
ity. 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 also
occasionally approach 100 feet 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 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 less
important 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
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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
throughout the zone, but no continuous oil sands have been defi-
nitely traced between the wells.

Taken as a whole, the logs present the following features in passing
downward from the surface: First the incoherent soil and gravel,
then a thick series of dry gravels, sands, and shale or clay, with occa-
sional 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 the tar-sand zone (zone A)
is reached. 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 lies 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 out-
put 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, which was a pro-
nounced gusher when first brought in. The daily 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°, the average for
the shallower wells being about 16° and for the deeper wells about
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.
LOCATI.ON.

This area comprises the southern part of the Kern Trading and
Oil, Confidence, Coalinga Aztec, and E. W. Risley leases in sec. 31, T.
19 S., R. 15 E.; the Fresno-San Francisco and the northern parts of
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the Cypress, Pennsylvania-Coalinga, and American Petroleum proper-
ties in the northeastern part of sec. 1, T. 20 S., R. 14 E.; and.the
Mercantile Crude, York-Coalinga, S. W. & B., New San Francisco
Crude, and the northern half of Esperanza in sec. 6, T. 20 S., R.
15E. The wells are on the southeastward-sloping monocline 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, ete., or in the Jacalitos (upper Miocene)
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 upon the
accompanying map (Pl. XV). A description of this zone will first
be given. In the wells high up on the dip the character of 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 heavier than that in the most productive part. The reason for
this difference in gravity between sands so close together is not at
present known, but it may be due, in part at least, to difference in
grain of the sands. Farther down the dip the sand is somewhat
thicker, but is still coarse, and in some of the wells contains shark’s
teeth. The coarseness of the sand and the gas pressure are condu-
cive 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 places underlain by a more or less persistent hard sand-
stone 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, and there it con-
sists of 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

88170—Bull. 398—10—14
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throughout 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 petroliferous 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 usually three or four in number, the
uppermost being encountered at depths of 145 to about 375 feet.
The first sand is apparently not so productive as the second, which
yields plenty of water in many of the wells. Below the second sand
is a third, and sometimes even a fourth, before the sulphur sand,
immediately overlying the tar zone, is encountered.

Typical well log vn Mercantile Crude-S. W, &. B. area.

. Feet.
“Surface soil and incoherent sand and gravel, followed by harder shales, sand-

stone, and gravels........... ..l 200
First water sand.......... e e e e e 5-20
Shale. ... o . e 504
Second water sand. :

Shale, sometimes containing one or more water sands-...................... 300

Gravel, more or less persistent, apparently carrying water in several of the
wells, especially those nearest the outerop.

“Main sulphur” water.

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
13° to 174° B., the average for the area probably being about 16°.

ZIER—PORTER & SCRIBNER—M., K. & T. AREA

LOCATION.

This area comprises the southern part of sec. 1, T. 20S., R. 14 E.,
thesouthern part of the American Petroleum and Esperanza properties,
sec. 6, T.208S., R. 15 E., and the region of sec. 12, T. 20 S.,, R. 14 E.,
and secs. 7 and 8, T. 20 S., R. 15 E.- The companies operating in
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this area are the Zier, Ward, Seneca, Cypress, Pennsylvania-Coalinga,
Esperanza, Shawmut, Section Seven, Coalinga Pacific, Arica (formerly
Porter & Scribner), Brix & Buntin (B. & B.), Spinks, Coalinga Unity,
St. Clair, Pilot, New Era, British Consolidated (formerly California
and New York), Kern Trading and Oil (Southern Pacific), Coalinga
National, Coalinga California, J. J. Cartner, American Petroleum
(section 18), Nevada Petroleum (section 18), and M., K. & T. The
wells are located on the flanks of the southeastward-dipping monocline
which governs the structure in the Westside field.

GEOLOGY Ol THE WELLS.

The wells start down in the basal Etchegoin or the soft Jacalitos
beds immediately underlying this formation. Zone B, the one shown
in contour on the map (Pl. XV), is at present the most important
zone in this part of the field and yields the greater part of the pro-
duction. 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 the area varies from
13° to 14° B. Farther east and lower down on the dip the gravity
of the product from zone B is ¢onsiderably 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 indicated 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, varying 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 K., 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
hundred feet above the most productive sands in those holes, is
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If zone B is continuous, wells between the Porter & Scribner and
the M., K. & T. leases ought to show,a gradation in gravity from
17° or 18° B. in the former to 22° B. 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 sand-
stone 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 particular, of cons1derable 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 consists 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 is available. Zone D is probably equivalent in part to the
lower Miocene sand of the Lucile well and the wells on the Eastside
field. In the deepest wells, which obtain most of their oil from zone
D, that zone 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 dis-
tance 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 is so it is interesting as showing that the hydro-
carbons in the tar sand have been forced upward by the sulphur
water which fills up this particular porous stratum, presumably
under hydrostatic pressure.
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Typical well log tn Zier-Porter & Scribner-M., K. & T. area.

Feet.

Surface formation of clay and sand with a little gravel.......... ... ... ... 200
Water 8ANA. ...\ e 2040
Blueshale. ... . .oooooi il 350
Water sand or water gravel.............. ... . ... e 40
Sulphur water sand, called the “main sulphur”............0... .. .. eeens 30-50
Blue shale or shells, a few feet.
Alternating tar sands (zone A) and shale with 50 or more feet of shale and shell

at the bottom .............. e 200
Productive 17° or 18° B. oil sand (zone B) «...ooeve e 10-60
Series of 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 pro-
ducing 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 164° B. This oil is believed to come from
zone D, in the Vaqueros (lower Miocene) formation.

ASSOCIATED—-CALEDONIAN--UNION AREA.

LOCATION.

The area described under this heading embraces the region from
tha Union lease in sec. 13, T. 20 S., R. 14 E., southward to the south-
ern part of section 36 in the same township and range. It includes
well No. 3A and all other Associated wells north of this in section 36;
also the properties of the Kern Trading and Oil (Southern Pacific
Railroad), Caledonian, Ozark, Premier, Claremont, Wabash, Inca,
St. Paul-Fresno, Coalinga Western, Coalinga Petroleum, Circle,
Netherlands (formerly Valley Slope), San Juan (formerly Valley
Slope), Coalinga Homestake (formerly Cawder), Traders (including
what were formerly Angelus, Euclid, Marengo, and Norse), McQuigg
& Wrenn M. & W.) (formerly Blue Diamond), Arizona Petroleum
(formery East Puente), St. Elmo (formerly New Home), Queen
(formerly Coalinga Banmer), S. A. Guiberson, Jr. (formerly Elgar
Adams), American Petroleum (sections 18, 19, and 30), Nevada
Petroleum (sections 18, 20, and 30), Valley, Coalinga, California
(section 18), Maguire, Section One (formerly Coalinga Zenith), and
Union oil companies. :

STRUCTURE.

The wells in this area are located on the eastward-dipping mono-
cline of the Westside field. Except for a local flexure, which is pos-
sibly the continuation of one of the lines of disturbance in the White
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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 and Santa Margarita (%)
formations. Zone B, the one shown in contour on the map (P1. XV),
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 in that portion well down on the dip, where
the zone apparently is thicker and is penetrated for nearly 40 feet in
some of the wells. It is also thicker 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. The top of zone B,
especially in the southern part of the area, is usually indicated by
the presence of oyster shells and Tamiosoma fragments in the wells.

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. 3A.
Here the productive sand is practically of the same thickness as the
average farther north, but in the wells still farther south the pro-
ductive sand pinches out or is practically dry. Toward the east the
productivity of zone B ceases along a practically north-south line
passing near the middle of sec. 30, T. 20 S., R. 15 E. This is indicated
by the nonproductiveness of zone B in the Nevada Petroleum wells,
although the same zone is unusually productive in the American
Petroleum wells, half a mile to the west. The gravity of the oil
varies from 13° to 17° B., apparently being heavier toward the out- .
crop of the beds and lighter down the dip. A variation in gravity
between 14° to 15° along the strike is also noticeable, the southern-
most wells producing the lighter 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 north side of section 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 Cale-
donian 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.
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Zone B consists of three well-defined oil sands throughout the
region from the Union wells southward as far at least as the
north edge of section 36. The uppermost of these sands varies
from 10 to 50 feet in thickness, while the second is usually some-
what 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 thick-
ness between the different wells. Toward the east from the township
line of wells the upper sand of zone B first becomes unproductive,
then the second sand, and finally the third near the middle of section
30 and the se€tions north and south of it. .

The gravity of the oil in the lower beds of zone B is usually about
the same as that in its upper beds, but in the Caledonian and Angelus
regions an oil sand carrying 17° B, petroleum is found at the base of
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 grawty 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 area the variation in the sands is

. considerable 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 Big Gumbo 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 thick. In certain wells of this area the sulphur sand contains
traces of oil, especially in those wells along the north side of section
36 and in some of the Union wells.

The formations above the zone of the Big Gumbo tar sand usually
contain two or more water sands. In most of the wells the first sand
is encountered at depths under 200 feet, but between this sand and the
Big 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 these sands is considerably mineralized and is not
fit for domestic uses.
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Typical well log, Associated- Caledonian- Union area.

Feet.
Shale.................... e eieeiaaaaaaas 150
Water sand. ... ..ot i 20-30
Shale, with some dry sand orgravel. . ... .. ... .. ... ... .. ... .. ... 200
Water sand. .. ..ot e 20-50
Blue shale, with some dry sands and occasionally some water sand.......... g 600
Tar zone (zone A). .............. e e e e 8-50
Blueshale. . . ... ... 20-100
Sulphur-watersand. ... ............c....o.oL. i 20
Blue shale, with occasionally fine sand layers......... ... ... ... ........ 100-200

Zone B, consisting of various oil sands of more or less importance, the whole
being thinnest near the outcrop and thickening gradually down the dip .. 100-225

The water is generally shut off in the upper part of the blue-shale
zone overlying zone B. Such a proceeding is doubtless flooding the
Big Gumbo sand, but as this tar sand is not believed to be productive
in any part of the field the flooding is doing no harm. In the Nevada
Petroleum and Valley wells the water is shut off below the water sand
which underlies zone B, but this proceeding, although flooding zone
B, will simply tend to drive the oil upward and westward into the
Wells where zone B is productive.

One of the Caledonian wells was drilled to a depth of over 2,300
feet, but from the depth of somewhat over 700 feet it passed through
the usually unproductive brown and blue shales of the Tejon (Eocene),
yielding warm salt-water of 110° F. near the bottom. Sulphur 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 measures in the western part of
this area is believed to be marked by a persistent stratum of salt or
brackish water, which is encountered in those wells which have
been drilled into the underlying Tejon.

PRODUCT.

The product in the wells so far drilled in this area comes from zone
B, the Jacalitos (upper Miocene) zone. The daily production of the
individual weils varies from about 1,500 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 accompanles the oil, the proportion being 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 upon 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 territory
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 region of the San
‘Joaquin Valley coal mine in the NW. } sec. 26, T.20S.,, R. 14 E. A
portion of this region, namely, that in which the wells of the Sunny-
side and Westlake-Rommel oil companies are situated, will be con-
sidered separately, following the discussion of the major portion of
the area. The oil companiés in the region here discussed include the
Mount Hamilton, Commercial Petroleum, Summit, Elaine, Lucile,
Shreeve, Associated, Kern Trading and Oil (formerly Southern Pacific
Railroad), Yellowstone (formerly Coalinga Southern), Sauer Dough,
Jefferson (formerly Section Six), California Gas and Oil (formerly T.
C.), De'Lux, Amy, Silver Tip, Red Top, Aladdin, Muriel (formerly St.
Francis), Waratah, Marion (formerly St. Clair), Los Angeles-Coalinga
Oil Syndicate, Section One (formerly Coalinga Zenith), Coalinga
© Great Western (formerly West Coalinga), Smith & Porter (formerly
" Summit), and some others not yet prosecuting development work.

GEOLOGY.

The formations involved in the geology of this area comprise
the Cretaceous (Knoxville-Chico) sandstone and shale, the Eocene
(Tejon) sandstone and shale, a series of sandstones overlain by soft
shale, ‘which are believed to be largely of Vaqueros (lower Miocene)
age, the sandstone, conglomerate, and shale of the Jacalitos (early
upper Miocene) fo1matlon and sand and clay shale of the Etchegoin
(late upper Miocene).

The Knoxville-Chico (Cretaceous) consists of dark thin-bedded
shale with some sandstone, the latter in places carrying the charac-
teristic brown concretions. It outcrops west of the area under dis-
cussion 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 011 but are believed to yield the water in the Henshaw
and West Comhnga wells. '

The Tejon (IBocene) consists largely of medium-grained sandstone
with some intercalated shales at the base and a considerable thick-
ness of shale at the top. The Tejon occupies a small area in the
SW. & sec. 26, T. 20 S., R. 14 E., immediately south of the San Joa-
. quin Valley coal mine. Except this small outcrop the Tejon in this
area is entirely covered up by the later beds, which overlap it from
the east and south. The basal Tejon overlies the Cretaceous, appar-
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ently 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. These beds are known to be Vaqueros at the base, but the
age of the uppermost member, the shale, is unknown. However,
it may possibly be the equivalent of the Big Blue in the north 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 (%) formation. The basal sandstone of the
Vaqueros formation may be traced from a short distance south of
the San Joaquin Valiey 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 northwestward from Alcalde. Near the San Joaquin Valley coal
mine the Vaqueros overlies the Tejon (Eocene), but near the north-
west corner of section 35 it crosses the contact between the Knox-
ville-Chico (Cretaceous) and the Tejon, and thence southwestward
it overlies the Knoxville-Chico. The contact between the Knox-
ville-Chico and the Tejon is believed to extend southeastward under-
neath the Vaqueros diagonally through sec. 35, T. 20 S., R. 14 E,,
and diagonally through sec. 1, T. 21 8., R. 14 E.  Its course from the
latter region is not definitely known, but can be surmised as stated
on pages 238-239. The tracing of this contact beneath the Vaqueros
is important, because 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 to contain 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 8., 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 expecta-
tion of obtaining petroleum in commercial quantities.
"~ Westward from the southeastern part of section 2 the basal sands
of the Vaqueros 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.
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The description of the geologic section exposed on the surface
‘along a line extending from the middle of the south line of sec. 2, T.
21 S, R. 14 E,, in Anticline Canyon, to the top of Flag Hill, in the
SE. } sec. 1, T. 21 S, R. 14 E. (shown as the triangulation station
on the topographic map), and thence in a direct line to the Lucile
well, epitomizes 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 sections 6 and 36 to the northeast.

Explanation of hypothetical section (fig. 8) along line F-F/ on contour map (Pl. X V),
Jrom Anticline Canyon to California Oil and Gas Company’s well No. 1, beginning
with lower strata.

) [Dip approximately 20° NE.}

Vaqueros (lower Miocene), beds «a, b, ¢, and d.
a. Much discolored and rusty-yellowish sand and soft sandstone, highly charged

with petroleum in the immedidte vicinity of Anticline Canyon, and about
150 feet thick. Not yet pierced by any of the wells in the section 6 area,
but believed to be a rich oil-bearing sand throughout its thickness. Repre-
sents the basal part of zone D of the developed territory.

b. Largely gypsiferous sand, with a hard fossiliferous layer at the base. The
fossils, which are abundant in Anticline Canyon a short distance below the
south 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 oil zones C and D in the
Eastside field.

¢. 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 also a part of zones C and D. Beds b and ¢ 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.

d. Largely clay, about 250 feet thick; may be the equivalent of the Big Blue in

i the Eastside field. '
Jacalitos (early upper Miocene), bedsee, f, g, k, ¢, j, and £. :

e. Largely pebbly gravel overlain by thin-bedded sand and soft sandstone. Bed
of fossils, largely Zirphaa, 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 shales of 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. It is zone B in the wells
of the south and central parts of the Westside field, and is between 100 and
200 feet in thickness.

/. Above the fossil bed are some coarse gray sand layers. Well in northeast
corner of the SW. % sec. 12, T. 21 8., R. 14 E., begins in this zone of sand.

g. Consists of clay shale and apparently thickens somewhat toward the valley,
especially between the Shreeve and Lucile wells.

h. A persistent layer of soft, pebbly sandstone, recognized in both the Shreeve
and Lucile well logs.

1. Ten-foot layer of clay.

j. Another pebbly sandstone layer, apparently not so persistent as bed h.

k. An important and widespread blue clay.
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Etchegoin (uppermost Miocene), beds I, m, n, o, p, and q. -

1. This sand zone consists of brown sand at the base, 10 feet of hard sandstone

above it, then a layer of sand, another layer of sandstone, and finally a soft
sandstone at the top.

m. Soft blue shale, 15 to 200 feet thick. )

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

0. Sand and soft sandstone, pebbly at the bottom, with numerous fossils. Known
as a fossil bed in the wells in some parts of the field; contains such species
as Pecten oweni Arnold, Glycymeris, etc. It is the Glycymeris zone, not far
above the base of the Etchegoin formation.

p. Bluish clay about 100 feet thick. :

¢. From bed ¢ down to the detritus-covered valley floor in the vicinity of the
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, near the top of the Etchegoin in the Kreyenhagen Hills.
Usually spoken of by the drillers as ‘“‘surface formation,’” as they appear to
be largely incoherent and of heterogeneous character. Total thickness of
the Etchegoin exposed is about 750 feet. Uppermost beds in the wells
possibly represent a part of the Tulare formation.

STRUCTURE.

The main structural feature governing the area under discussion
is of course the great southeastward-dipping monocline which
extends from the top of Curry Mountain and Juniper Ridge to the
middle of Pleasant Valley. There are, however, one or two local
lines of disturbance within the area which are worthy of mention.
The most important begins in the Knoxville-Chico (Cretaceous)
somewhere northwest of sec. 2, T. 21 S., R. 14 E., and passes south-
eastward, apparently almost coincident with the bed of Anticline
Canyon. From the south line of section 2 to the middle of the E. %
SW. % sec. 12, this line of disturbance has the character of a south-
eastward-plunging anticline. The dips to the east are apparently
about 20°, while those toward the south vary from 8° or 10° in the
region immediately south of section 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
this east-west portion the disturbance takes the form of a fault at
the surface, 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 east wall of Anticline Canyon, in the
eastern part of the SW. 1 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 south side of the fault are in-
clined in a southerly direction, with dips varying from 60° or 70°
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" 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 southward-dipping beds. From the east line of the SE. }
sec. 12 the line of fracture apparently bends abruptly toward the
southeast and either dies out beneath the superficial deposits of
Alcalde Canyon or is connected in some way with the Jacalitos
anticline.

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, beglnnmg at the railroad cut in the NW. } sec. 8, T.
21 S.,,R. 15 E., discloses, first, coarse sandstone beds dipping 10°
to 50° N. 35° E.; thence westward along the crest of the ridge
dips of 16° N. 25° W. are first encountered, then dips of 20° a little
farther west, and finally, where the strike of the beds swings around

. northwest, the dip is as high as 40° Northwestward from this
maximum dip the beds drop to 30° NI. and finally to the prevailing
dip of 18° to 20° along the western side of section 6.

A third line of disturbance is visible in the small bluff on the
northwest 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 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 Knox-
ville-Chico and the Tejon, discloses dips that apparently indicate
a northwestward continuation of the anticline as far as the SE. }
sec. 10, T. 21 S., R. 14 E. The beds in this region lie so nearly hori-
zontal and have beeh 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 where
the forces produced 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 the Jacalitos
syncline, which is plommently developed farther south and will be
described in the discussion of the area south of Waltham Creek. In
the southwest corner of section 7 this syncline produces dips of 40°
S.20° W.; ashort 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
by the detrital material of Waltham Creek at the critical point
along the south line of section 7.
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In connection with the folding and faulting which has taken place -
in section 12, it might be well to discuss 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 section along the surface of
the ridge northward from this well shows the following strata, all
dipping about 60° approximately due south.

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

T.218.R. 14 E.
Feet

Softsand. . ... i 30
Pebblysand................. e 40
Softsand. . ... 180
Coarse sand with h'u‘d dark layers (“shells™) . ... . ..o 240
Fine pebbly sand (the dip here is 60° duesouth). . . ... ... ... ... ... .... 255
Alternating coarse sandstone and pebbly sandstone beds w1Lh a particularly

hard brown sand layeratthebase. ... ... ... ... ... ... ... ............. 320 -
Soft blue shale and sandy shale. . . . ... ... .. .. .. .. ... .. ... ... ....... 620
Coarse pebbly sand, the last half hard and containing silicified wood fragments

(dipis 50°8S.)..... e 710
Gray sand with one or two hard streaks. . . . ... ... .. . .. . . .. . ... 760
Soft blue gypsiferousshale. . . ........ ... ... ... e 790
Medlum ‘to coarse gray sandstone. . . ... ...l 820

At 820 feet is the fault line c\:tendmg 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 surface section and the log of the Commercial
Petroleum well indicates the reason for the discrepancy between this
well log and those of the wells in the section 6 area. In the Commer-
cial Petroleum well the beds penetrated dip 60° or so, while the beds
in the section 6 area dip less than 20°. The water in the Commercial
Petroleum well is probably local, and is to be associated with the
fault line which the well apparently cuts near the junction of the well
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 cor-
ners of secs. 12 and 13, T. 21 S., R. 14 E., and secs. 7 and 18, T. 21 S,
R. 15 E., is the center of a number of complex disturbances, which
are believed so to complicate the underground geology locally as to
make the exploitation of the oil sands difficult if not impossible.

GEOLOGY OF THE WELLS.

The wells in this area ¢ lie for the most part on the south-south-
eastward continuation of the great eastward-dipping monocline

o Wells drilled in this district since thz publication of the writers’ preliminary report (Bull. U. S. Geol.
Survey Nc. 357, Nov. 23, 1908) have shown that certain of the conclusions drawn regarding sec. 6, T'. 21 §.,
R. 15 E., were erroneous. These, together with Plate III of that report, have therefore been revised to
agree with the latest data obtainable October 15, 1909,
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which controls the oil-bearing formation of the Westside field. Some-
where south of sec. 6, T. 21 S., R. 15 E., probably in section 7 or 18,
the strike changes to an easterly direction as the result of movements
along the Jacalitos anticline and associated structural lines. It will
be noticed by an examination of the contour map (Pl. XV) that 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 considerably. It should be observed in this connection
that the topography in a general way reflects this change in dip. This-
is an important item to remember, 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 examination of the topography of the region
under observation. As a result of the bowing of the strata the dips
are apparently steepest in section 36, but flatten out and-become
more regular north of this area. In the southern part of section 6 and
also the northern part of section 7 the dips are very steep at the sur-
face 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 in the SE.  sec. 36.
Details of the change in dips and strike are indicated by contours on
the map (Pl. XV), and will 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
believod to belong to the Etchegoin or possibly to the Tulare for-
mation. 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
produce a great deal of water, but from entirely different formations,
the first from the Jacalitos (upper Miocene), the latter probably from .
the Knoxville-Chico (Cretaceous). Water is usually encountered
between zones B and D, one sand in the base of or just below zone B-
carrying sulphur in some of the wells, and another persistent layer
occurring just above zone D. Water is also encountered between
the uppermost or fine-grained light-oil sand and the next sand (heavy-
oil sand) below in zone D. This last-mentioned water stratum is
believed to yield the water produced with the oil in the Lucile No. 1,
Aladdin, and near-by wells which have penetrated the heavy-oil beds.
Where the heavy-oil strata of zone D are lacking, as in certain of the
wells in the western part of section 6, water marks the base of the
productive zone, which here consists only of the uppermost strata of
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zone D. Some very hard sandstone shell layers are encountered in
the wells, and in one or two places these appear to be rather persist-
ent laterally. The hard layer reported as the “big shell” in some
of the wells is apparently not the same stratum that is designated
by that name in certain 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 alternating sandstone and shale. Oil or gas
or both are reported from it in a few of the deeper wells, but in most
the zomne is apparently dry. It is believed that indications of petro-
leum must have been found in this well and overlooked by the driller,
or else they were not considered of enough importance to record in
the log. So far as known no well in this area produces 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. As previously mentioned, this zone
may be studied in the east wall of the canyon running up to the Hen-
shaw 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.
Most of the wells have penetrated zone D, but touch only its upper-
most sands. The reason for this is generally that 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 22° 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 b in
the section given on page 191. The oil from this lower zone is' much
heavier than that from the upper and averages somewhere near 16°
or 17° B. in gravity; the lower sand also is very much more pro-
ductive than the finer sands and is therefore tapped wherever pos-
sible. It is the belief of the writers that this lower oil sand will
furnish long-lived wells, for the holes which simply tap its upper-
most layers are very productive, and the 150 or 200 feet of sands
which are believed to underlie the upper beds in the deeper wells
are doubtless heavily impregnated with oil.
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The following is a log characteristic of the wells in this area:

Log of Aladdin 0il Company’s well No. 1, sec. 6, T. 21 8., R. 15 E.

Feet.
Brown sandy formation..........coooiiiiiiii i, e 320
Dark water sand. ... ... ... 395
Brownshale................. e e e 500
Sand and gravel....... e e e e e 515
Blue shale. . ... i 560
Brown shale. . ... i 605
Blue ghale. ..o 685
Dark sand. ... 705
Blue shale. ... oo i 728
Water sand. ... 750
Blue shale.............. R et 810
Shale and shells.......oooiiii i 900
Blue shale. oo e 1,000
Shale and shells. .. ..o oiuie et 1,055
SN« e 1,070
Shale and shells. .....ooe i e 1,150
Dark SN e oo eeee e e 1,190
Shale and shells......ooiiiie i 1,240
Sand . . i 1,258
Shellsand shale................ ..o i ... e ... 1,330
Hard sandstone (underreamed). ... ... oo il 1,350
Sticky blue. ... 1,370
Sandy shale. ..... S e i 1,410
Hard blue clay. ... i 1,425
Blue shell and shales..... ... ... 1,460
Sandy shale. ... .. e 1,475
Hard sandstone. .. ... i 1,490
Sticky DIUG - .ol SO ... 1,515
Sandy shale. . . ... i feeen 1, 520
S | S el 1,522
Sticky blue................. S 1,590
Sandy shale. .. ... 1,660
Gray shale. ... ool 1,700
BlUE 8hale. - oot i 1,750
Sand and gravel.......... ... .. .. ... i .... 1,780
Hard conglomerate. ... . ... . . e 1,815
Sand . e 1,840
Blueshale. .o oo e 1,875
Blue and sandy shale..... ... ... . . L 2,012
Sand and broken shale. ... .. ... ... i 2,060
Sticky blueshale. .............. i 2,115
Pebbles and sand. ... ... ... 2,118
Shale (underreamed). ... ... . i 2,168
Shell (underreamed). ... ... ... .. i 2,170
Shale (underreamed). ... .. ... i 2,205
Sandy shale. . . .. ... e 2,218
Sand and shells (underreamed). .. ..ol 2,290
Sticky blue clay. ... .o e 2,360

88170—Bull. 398—10——15
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. Feet.
Blueshaleand shells... ... ... ... . . ... 2,440
Shale. oo il 2,485
Darksand......cooooo el 2, 505
Oil sand, white............ e e e 2,530
Hard oilsand............ e e e e e e e 2,533
Coarse oil sand............ R 2,543
Hardshell........o.... . ..o .. ... e e 2, 558

bl

Oil sand and oyster shell.................... PR e " 2,585

PRODUCT.

The daily yield of the individual productive wells in the area under
discussion varies from about 100 barrels for those up on the dip to
about 800 barrels in the deeper holes. An initial production of over
1,500 barrels per 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 per 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 territory. The gravity of the petroleum from this last
horizon is between 16° and 17° B. The oil in light-oil sands is brown;
- that in the zone of heavier oil black. '

The most phenomenal well in this area is the Silver Tip, which
gushed gas, sand, and oil when zone D was first penetrated, then
sanded up, and finally, when it was cleaned out, gushed a second
time at the rate of 20,000 barrels a day for a few hours. For the
first few days of its productiveness it flowed and sanded intermit-
tently; after two months it is now (November 1, 1909) yielding 2,500
barrels a day.

AREA EMBRACING SEC.2,T.21 S, R. 14 E.

LOCATION.

Under this heading will be discussed the underground geology in .
- the E. % sec. 2, T.21 S.,R. 14 E., and the southern part of sec. 32,
T. 20S., R. 14 E., which has been tested by the wells of the Sunny-
side Oil Company (Henshaw water well) and Westlake-Rommel
Oil Company. ‘

GEOLOGY OF THE WELLS.

The wells in this area penetrate the northeastward-dipping beds
of the Vaqueros (lower Miocene), which overlie the steeply tilted
Knoxville-Chico (Cretaceous) strata expased at the surface toward the
west. The oil in this area is believed to have percolated along the
basal or zone D sands from the territory toward the east, where these
sands overlie the shales of the Tejon (Eocene) formation. Only four
wells have so far been put down in this area. Three of these were .
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sunk several years ago by the Westlake-Rommel Company and the
other is the Henshaw water well, which was put down by Captain
McClurg for the Sunnyside Oil Company in 1897. The logs of these
wells indicate that the petroliferous zone is from 100 to 120 feet
thick and consists of medium-graired sands interbedded, especially
toward the middle of the zone, with fine clays and harder sand layers.
The sand carries a little heavy oil and in the Westlake-Rommiel wells
is-said to have yielded no gas. This lack of gas would be expected in
an area so close to the outcrop of the oil sands, where the gas would
have an opportunity to escape from them. Water is found associated
with the oil in the uppermost layer of this zone in one of the wells and
.1s found abundantly in the sands just beneath the oil zone. In addi-
tion to the four wells mentioned, tunnels have been run in on the
outcrop of the oil sands in the E. § sec. 2, but not enough oil was
obtained from them to pay for their operation.

It is believed that the Henshaw well obtains its water supply 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, there is probably but a narrow band along which wells put

down with the expectation of tapping the Henshaw water sand will =

be able to reach it. The strike of the Knoxville-Chico is here about
east-northeast, so that it is believed that this band strikes in a direc-
tion north-northwest or south-southeast of the Henshaw well.

PRODUCT.

The discussion of the product accompanying the preceding area
(p. 226) applies to the whole region between Waltham Creek and the
San Joaquin Valley coal mine.

KREYENHAGEN FIELD.
LOCATION.

The region south of Coalinga as far as Dudley, Kings County, includ-
ing 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 is a narrow band between
Canoas Creek and the region of Big Tar Canyon.



228 COALINGA OIL DISTRICT, CALIFORNIA.
CONTOUR MAP, |

The contour map of the Kreyenhagen field (Pl. XXTII) is intended
primarily to give a generalized representation of the monocline on
the northeastern flanks of Reef Ridge and the rate at which the
formations pitch below the surface. The underground contour lines
indicate the approxunate depth above (marked +) and below
(marked —) sea level of the upper portion of the Vaqueros sand-
stone or the lower portion of the hard white shales mapped as Santa
Margarita(?) formation; in other words, the distance below sea level
of the horizon that is supposed to be the highest one at which oil
may be found.

The structural lines on this map were drawn solely on the basis
of the apparent dip of the beds on the surface and without the aid
of any underground data such as are afforded by the oil wells in the
Coalinga field. The contours are entirely hypothetical.

GENERAL GEOLOGY AND OCCURRENCE OF OIL.

Reef Ridge and the region immediately adjacent to it, both south-
west and northeast, are a part of the great monocline of rocks which
forms the east flank of the main Diablo Range. The formations
involved in the geology are the conglomerates, sandstones, and
shales of the Knoxville-Chico (Cretaceous); the sandstones and
shales of the Tejon (Eocene); the sandstone and shale of the Vaque-
ros (lower Miocene) ; the shale of the Santa Margarita (%) (upper middle
Miocene); and the sandstone, shale, and gravel of the Jacalitos for-.
mation (upper Miocene). The oil, as in the Coalinga field proper, is
believed to have originated in the shales of the Tejon formation, but
has migrated to the sandstones of the Tejon that underlie the shales
of that formation, to sands interbedded with those shales, and to
the overlying Vaqueros sandstone. Numerous tar springs that rise
from the Tejon and Vaqueros within the area under discussion show
that those formations contain oil. Among the principal springs of
this kind may be mentioned 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, also in the Vaqueros;
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 come from the upper part of the shales 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 or 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 seep-
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ages are known between the one in Little Tar Canyon and Sulphur
Spring, in the Devils Den district. The Castle Mountain fault,
which cuts oftf the Tejon and Vaqueros formations near the head of
Little Tar Canyon, is believed also to eliminate these same forma-
tions below the Santa Margarita (%) formation southwdrd for a con-
siderable 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 the seepages .
along this belt and has caused the failure of many test holes, which
will be described later. :

GROUPS OF WELLS DISCUSSED.

The wells in the Kreyenhagen field may be divided into two groups,
those which have been sunk in the Tejon (Eocene) formation and
those which start in strata above or younger than the Tejon. The
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 El Cerrito Oil Company (formerly known as the
Anderson well).

GEOLOGY OF WELLS IN THE TEJON FORMATION.

The two wells of the Kreyenhagen Oil Company are located on
Canoas Creek, in the SE. 1 sec. 32,T. 22 S., R. 16 E. Both wells
start in the shale in the upper part of the Tejon, the southernmost,
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 sand.

An examination of the geology immediately south of this well
indicates that the oil sand is very much thicker than is indicated by
this log; 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 per day at the start, soon
falling to 5 or 6 barrels. The product is said to be a light-green
oil, with gravity between 37° and 38° B. No water accompanied it.
Well No. 2 of the same company is located north of well No. 1 and
higher in the formation. It is said to have struck traces of oil at
1,000 and 1,100 feet and to have attained a depth of about 1,200
. feet, at which point water was encountered. This well (No. 2)
never produced commercial quantities of oil.
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The Kings County Oil Company sunk a well in the SW.  SW. }
sec. 3, T. 23 S., R. 16 E. This location implies that the well started
at about the middle of the band of the Tejon formation that covers
that vicinity. The well is said to have passed. through black shale,
blue sandstone, and brown sandstone containing oil, but was aban-
doned 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 reached a depth of 1 100 feet and is Sa.ld 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
obtamed from the same formation in the Kreyenhagen well is not
easily explained. -

The well of the Baby King Oil Company is located immediately
behind Reef Ridge, in the NE. 1 sec. 11, T. 23 S., R. 16 E., in the
canyon of the first stream west of Big Tar Canyon. It starts down
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. gravity at 400 feet and oil of 18° B. gravity at 1,110 feet;
a short distance below this last point flowing water was encountered.’
At the time of the writers’ visit in September, 1907, the well was
flowing about one-half miner’s inch of water, accompanied by occa-
sional 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 S., R. 17 K., not far from the famous tar spring in-
Big Tar Canyon. Well No. 1, the western 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 oj well No. 1, Avenal Land and Oil Company, E.  I. § sec. 18, T. 28 8., R. 17 E.

Feet.
7 0 ) Y- Y 20
Oil sand with water. ... ... .. i 70
Blue water sand. ... e 140
(6] O 235
1 4 T2 1 A 521
Odl sand . .o e 555
1) 1721 590
Sand showing tmces of ol oo il 635
Shale. oo e 802
Blue clay..oeeeneeraaaiannaaaao.. i 900
Sand with traces of oil (not finished). .. ... ... . .. . iilL. 984

This well is said to have yielded less than 2 barrels per day of
dark-colored 28° B. oil. Well No. 2 starts well down in the Tejon
and is said to have gone through soft sand to 1,045 feet, where a
productive sand was encountered. It yielded some oil when bailed.
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CGEOLOGY OF WELLS IN FORMATIONS ABOVE THE TEJON.

The Black Mountain Oil Company sank two wells in the SW,
NW. £ sec. 33, T. 22 S., R. 16 E. These wells both start down 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: o

Log of well No. 1, Black Mountain Otl Company, SW.2 NW. % sec. 33, T.22 8., R. 16 E.

' . Feet
Dark-colored Shale. ... .oo.. et e e 80
Whitesand.................... L. e . 85
Dark-colored shale....................... e e e 400
Light-colored shale. ... .. ... . il 550
Shale and sand With 0fl. ..ot n e e e 570
Light-colored shale............. ... . ... ... ..., e -- 640
(01 YL D Y s 660
Shale. ..o 700
Ol 8and. oo i 720

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 sank a well in the SW. } NE.
sec. 3, T. 23 S., R. 16 E., which is believed to start toward the bottom
of the Santa Margarita (%) formation (upper middle Miocene) and to
obtain its oil from the Vaqueros (lower Mlocene) The log of this
well is as follows:

Log of well of Kings County Oil Company in SW. } NI. + sec. 3, T. 238., R. 16 E.

. Teet.
Clay and soil...o.oo o e 12
White shale......oooooi i B . 29
Black shale. ..o e eeeeenranne 65
Black sand.....oooo i 67
Black shale. oo e e 90
Hard gravel......... o P 120
Black shale (heavy oilat 240 feet).............. N 275
Gravel . .o 285
Black shale. ... oo e 410
Blue sand rocK... ..o e 450
S c) =Y 1T 490
Blue sand r0CK. .. veneeeneeee et L 540
T2 1Y 556
Clayey sandstone. ... ... ... P 600
Black shale. ..o ..o .. 660
Clayey sandstones........ ... .. . i e 696
Hard shale............ ... ... ... ...... R 1 |
Hard rock, sandstone predommatmv. el S 950

Another well was started by the same company but never finished.
The St. Lawrence Oil Company is said to have sunk a well in the
SE.  NE. } sec. 12, T. 23 S., R. 16 E., which encountered oil near
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the bottom. This well doubtless began in the Santa Margarita (%)
and penetrated the oil sands at the top of the Vaqueros (lower Mio-
cene). :

A. M. Anderson and associates (El Cerrito Oil Company) were
drilling in the summer of 1908 on a well in the NW.'} sec. 14, T. 23 S,
R. 17 E. The well starts down near the contact between the Etche-
goin (upper Miocene) and Tulare (Pliocene-Pleistocene) formations,
and is said to have been located on the evidence of a supposed oil-
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 down
on the flanks of the hills at some distance from the axis of the Coa-
linga anticline, which runs parallel with and east of the topographic
axis of the hills.

GEOLOGY AND INDICATIONS OF OIL.

The formations which rise to the surface in the anticline are the
Etchegoin and Tulare, described fully under “Geology.” The structure
of the hills is that of a simple arched anticline, with low dips near
the axis and steeper ones toward the flanks. The maximum dip on
the northeast flank is about 31°; that on the southwest 45°. The
late W. P. Kerr informed the senior author that he was told by one
of the government land surveyors who visited the Kettleman Hills
over twenty years ago that at that time the surveyor saw what he
supposed was an oil seepage on the southeastern flank of the hills, in
the southeastern 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 this locality in 1907 and made a careful examination, was able
to find any traces of an oil seepage in this region, although several
places were noted where mineral waters have oozed from the rocks
in the rainy season. It is believed that the Kettleman Hills offer
no direct surface evidence of petroliferous deposits. ‘

GEOLOGY OF THE WELLS.

Seven or more wells have been put down in the hills and none have
been successful; but owing to their position and relatively slight
depth they afford no adequate test of the territory. (See pp. 241-245
for conclusions concerning future development.) Two wells, the
Gibbs and Oceanic, are on the northeastern flank of the anticline;
the others are on the southwestern flank. None are within the area
outlined on the accompanying map as possibly productive.
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The Gibbs Oil Company’s well is in the eastern part of the NW. }
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