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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
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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
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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-
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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

GEOLOGY. : 47

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,



COALINGA. OIL DISTRICT, CALIFORNIA.

48

“3U0)SIUI] {ISIYOS *3814os qoe[d *aU0)SamIl| ‘ISIYOS )
A1uLIojaodu ) ———— {JuLtojuodu ) ——— A7 1ULIO}UO0dU ()
019 ‘019 ‘099 7
'SYo01 o1jIuRLY) | ‘sstoud ‘syoox omMIUBIY | ‘ssteud ‘syool o1TUBID ‘4S1gdS  ‘S¥d0x O1jIUBIY g &
-£11ULI0JU00U ) £jruriojuoou ) -A}TULIOjUOOU () A91ULIOjUOIU () — o] 2
“UBOSIOUBI . *uBISIouRI ‘ueosIouBI g ‘uBoSIoURI L e 1<)
£9TULI0J 100U (). ——— £91uIojuodu fy -£91TULIOJUooU ) -£3TULIOUO2U [} m.
rAXou B[IAXOUS axoudy -dI1AXOUS] )
———£1uLIojuoou ) 2Q
R ‘UMOJISIOH I=R<8
. ———£71ULIojuodu ) IZh 4
*001UD @) *0014D *001UD
—(3) £91uLIoyuodun) |——-£j1unIojuodu -
ZOUNIBI | .guo0 S
.a@oua%a -£11ULLI0JU0OU ) -of o
‘zounjrely Ajqeqoid S ‘SpPaq 19MO0T g -poTBIIURID) ‘uofoJ, -uofag, | .
QU000 PIIEIULIAIIDU “spaq vwﬁv —oun ‘u o_.ov % A wa —(3) &11untojuooupy
—(3) Ajtu10§moou (). ‘spaq 10dd | B | P 19, pus acseg ‘U0
‘0ZUAIO0] UBS (y)3unue ‘0zue10T ues | -081[0 |,
‘o[eqs J9M0T £11U10§U0DU () ———— SjIuLIojuodu ) - “
‘sozonbe A o ‘sozenbu A ‘sorentbe A ‘sozonbep ‘soranbe
= AJ1ULI0fUOOU () b
£ IULI0§I0dU () -uojspues; & ‘9U0jSpues 1Mo = . 3 |-
=z PeUS(S “(qred : g |
-Ka199U0TY : ‘ouojspues 1odd (& ‘£3191U0p | J[BWIS B JO UON3deoxd - £019) WO . <=
-oreys zodd -31BYs) @ ajqussod ymm) Suryoet . U0 .- .m Iz
L)runioyuodun ——£1uLI0jU0oU ) ———£91LI0JU0dU (). ———£71UI0JU0dU ) £ 1urIojuodu ) ———A£j1unopuoou - OTIN «| = o
. _ *(3) el 1IB3IBTY BIUBS “BjlIR3IeIY BlUBsS . 8
“eyuIedresy BluRsS " ——£&jruaojuodu —(¢ ) £11unojuoouy) o
- *5071[808L : S
g . R £yTurIojuodu . o
“BUIISLIN *OpuLBWIdL ‘opuBuId ‘OpUBTId I ‘ur030q0 g ‘ojqeJ ues -
: -———£31ULI0JU0dT ()
0301 UBS | .5ugp
. —_— ‘aIe[n], S
©IT]) TIUBS. PeoIaly ; -peatoyy| ~OUd
N . ouN—
AJIULI0jT0dU ) - ———A£1]ULI0Ju0duU ). £11ULI0JTOSU () £91urrojuodu n —— £j1uLrojuodu - — ou) !
"goBaq - =)
‘PARIF pue ‘10A®I3 pue ‘10a®I3 pue ‘pueseunp | posrer pur_ ‘sfur(y ‘01pad ueg .Sw%w_ﬁw g
‘pues ‘syisodap odelIy, | ‘pues ‘syisodop 90B1IR, | ‘puss ‘sysodop 90BIIT, vnm sy1sodop 90BN, | Ao[fea ‘spisodep urean)g : 4
. =]
‘wniane . m
wniaAr[y wniaAn[y wnAny wAny puzey eouz 013005 wveyg WUAN Y pnooom el
‘013098 “U01393s S[ITH ‘uo1)ads (K3uno) eing *uo1309s ‘uon T “U0I30dS -sotrog | 03 |y
9jusnd pus soje3UY SO'T [-UdA) L9[[BA BIR[D BIUBS |  q0LIISIP CLIBJY viues -09S 0113S1P e3UIBOD a8uey 9se0) PIBpUR]S HOS | Lskg mm

SUIeIUNO zNJ)) LIUBY

“DUUL0f1) D) .

L $9yYPI0] LoyI0 fo 2S0Y) yPIM PuUD OIS 2BUDY 1SDO) DIULOLYDY) PIDPUDIS YD yRm NSy DHUYDOY) Y2 Jo SUOWDULOS [0 UOYDJILIO) FUIURT



GEOLOGY. 49

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



TEJON FORMATION. 65

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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FIGURE 4.—Section of Etchegoin and Jacalitos formations in Kreyenhagen Hills east of Zapato Creek, along line M-M’ on geologic map (PI. I).

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 