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GEOLOGY AND ·oIL RESOURCES ALONG THE SOUTHERN 
BORDER OF SAN JOAQUIN VALLEY, CALIFORNIA 

By H. w. HOOTS 

ABSTRACT 

The region described in this report includes a foothill belt of the San 
Emigdio and Tehachapi Mountains along the southern b()rder of San Joaquin 
Valley. The belt displays portions of the rugged granitic cores of the moun
tains and also rocks of Eocene, Oligocene, Miocene, Pliocene, and Pleistocene 
age. Although there is thus a complete representation of the geologic series 
from the Eocene to the Pleistocene, some portions of the different series are 
wanting because of major faults and overlaps. The thickness of the Tertiary 
rocks (Eocene t() Pliocene) varies considerably but has a maximum of about 
29,oOO. feet. Miocene and Pliocene rocks cover most of the area investigated. 

The San Emigdio and Tehachapi Mountains form a structural and physio
graphic link that connects the Coast Range on the west with the Sierra Nevada 
on the east. In these mountains there is a gradual eastward transition from 
the complex folds and faults of the Coast Range to the comparatively simple, 
gently dipping monocline .of the west ftank of the Sierra Nevada. The complex 
structural features in the San Emigdio foothills west of Grapevine Canyon and 
north of the San Andreas fault provide evidence that this portion of the area 
has been deformed by stresses with major lateral components from the south
stresses which have been responsible for thrust faulting and the development 
of asymmetrical and overturned folds. 

Much of the present height of the foothill belt of the San Emigdio and 
Tehachapi Mountains has been produced by uplift since the beginning of 
Pleistocene time. 

Wheeler Ridge is at present the only oil-producing area along the southern 
bor.der of San Joaquin Valley. Three other areas, however, appear worthy of 
consideratio~ for the drilling of test wells-namely, (1) a partly buried struc
tural feature, possibly an anticline, 1 mile northwest of the mouth of San 
Emlgdio Canyon; (2) the structural terrace that forms the eastern extension 
of the San Emigdio anticline, near Pleitit() Creek; (3) the Tejon Hills. 

INTRODUCTION 

LOCATION AND EXTENT OF AR.EA 

The belt of Tertiary rocks described in this report is exposed along 
the southern border of the Great Valley of California between the 
Temblor Range on the west and the Sierra Nevada on the east. 
These rocks form the northern foothills of the San Emigdio and 
Tehachapi Mountains and extend northward to form the Tejon Hills, 
which flank the south end of the Sierra Nevada. The Tejon Hills 
are geologically similar to the indistinct foothill belt farther north 

243 
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that borders the eastern edge of the San Joaquin Valley. Their 
geologic structure is radically different f~om that of the Coast 
Ranges and the San Emigdio foothills, but they may be considered , 
an integral part of the structural system that extends eastward 

-
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-
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~ tricts or the Stote 

fN OEX TO PUBLISH ED REPORTS ON OIL 

I San Jenquin V.Jlley nort.h of Coalinga (Bull.603) 

~ ~~=~~ ~.,o~ l~~JB3uJ~f81J 
~ ~b~Ui°!::~~,.n-::;nkt,~1~t~8cu~~r~'.~21and40SJ · ~ 

0 

6 McKittr ick- Sunset(Bul l. 4-06 ) 
JS 7 Sun!let-Midwa( (Prof. Pape:-116 and 8u114 71) _ _ _ _j_ _ __::1:;,-__:__:~----'r-t-:---f 

~ ;~~~~:~i~{iu~.0~i·:)ZI ) 
10 Surnmcr londC Bull.3ZI) 
11 Santa Clara Rivervalfey(Bull.309) 
IZ s;mi V~lley(Bu ll . 691) 

:~ ~~~:~~';'f~\BB'~\j3f6'J) 
15 Barstow - Kramer(Bull.541) 
16 LooAngele5-Venlura(Bull. 753) 
17 Puente H;11s (fmal report, Bull.768) 
18 Southern border of S<>n..Joa u;n Valle (Bui I. Sil 0 ) 

so=CEc:s:::E:s:o=====so"""""'""'""'a'oo MILES 

F 'IGUBE 7.-Index map of southern California, showing oil fields considered in reports 
published by the United States Geological Survey 

from the Temblor Range around the south end of the Great Valley 
to the Sierra Nevada. In brief, it may be said that this belt of 
Tertiary rocks around the south end of San Joaquin Valley forms 
a connecting link between two major geologic provinces of Cali-
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}prnia, provinces whose geologic characteristics are profoundly 
dH;ferent . 
. : . The area covered by this investigation, which is shown in Figure 
J,, lies east of Santiago Creek, a stream that enters San Joaquin 
Valley just east 0£ its southwest corner. Although the western part 
0£ this. bel~the San Emigdio foothiijs between Santiago and Grape
vine Creek&--was previously mapped by R. W. Pack and discussed 
in Professional Paper 116, the hopefulness for future oil production 
fyom this district has led to a resurvey 0£ the northern or oqtermost 
portion 0£ the San Emigdio foothills. The entire belt. is 1 to 6 miles 
in width and extf;mds eastward to the Sierra Nevada, a distance 0£ 
over 30 miles, and thence northward along the east edge of San 
Joaquin Valley for about 10 miles. 

This belt 0£ Tertiary rocks, in addition tp having one small. oil 
.field on Wheeler Ridge, w:hose daily output was about 1,000 barrels 
a day in April, 1927, forms a partial physiographic connection be
tween two 0£ the major oil districts of California-the Sunset
Midway field, west 0£ the area here described, and the Kern River
Poso Creek fields, north 0£ the area. 

EARLIER P'P'BLISHED INVESTIGATIONS 

It appears that W. P. Blake, geologist for the Pacific Railroad 
Survey, was the first to record geological observations at the south 
end 0£ San Joaquin Valley. In 1854 the survey party with which 
Blake was connected camped near Old Fort Tejon, in Grapevine 
Canyon, which was then known as the Canada de las Uvas. Fossils 
collected by Blake in this vicinity were submitted to T. A. Conrad, 
who pronounced them to be Eocene. Blake's account of his investi
gation,1 together with Conrad's report on the £ossils,2 was published 
in 1857. · 

In 1865 J. D. Whitney,8 in charge of the first Geological Survey of 
· California, published a brief account 0£ observations by him and his 
assistants in the foothill belt along the southern border of San 
Joaquin Valley. Fossils similar to those found by Blake were col
lected in the Canada de los Alisos (now known as Live Oak Canyon) 
and were determined by W. M. Gabb to be Cretaceous and not Eocene, 

·as previously reported by Conrad, a conclusion which has since 
proved to be erroneous. 

The first published account of the systematic geology and possible 
oil resources of the south end of San Joaquin Valley was that by 

1 Blake, W. P., Geologicnl report: U. S. Pnclflc R. R. Exp!., vol. 5, pt. 2, pp. 41-50, 
163-164, 197~211, 1857. 

•Conrad, T. A., Description of the fossil shells: Idem, pp. 317-318. 
•Whitney, J. D., Calltornln Geo!. Survey, vol. l ; pp. 186-197, 1865. 
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Robert Anderson,' although unpublished investigations of" parts of 
·the ·region had previously been made by Ralph Arnold, H. R. John-
son,D R. W. Pack, and others. Anderson, whose investigation was 
of a strictly reconnaissance nature, subdivided the Tertiary forma
tions into two units-the Tejon formation and later Tertiary (Mio
cene and Pliocene) formatio.q.s-and discussed the general structure 
and the possible presence of oil in the region. 

In 1911 and 1912 R. W. Pack, with the assistance of A. T . Schwen
nesen and R. G. Davies, mapped the foothill belt along the north 
flank of the San Emigdio Mountains. Pack's description of the 
geology and oil prospects of this district was included in his report 
on the Sunset-Midway oil field. 6 In this investigation Pack recog
nized all the major stratigraphic units except the Meganos (middle 
Eocene) , but, for convenience in mapping, grouped Oligocene strata 
with the lower Miocene Vaqueros formation. 

B. L. Clark 7 has since studied the Eocene sediments of the San 
Emigdio region and has subdivided them into the Meganos (middle 
Eocene) and the Tejon (upper Eocene). Wagner and Schilling 8 

have separated the Oligocene deposits from the overlying Vaqueros 
formation (lower Miocene) and have made stratigraphic and 
faunal studies of them. In the following pages further reference 
will be made to the preceding publications and to those concerning 
other faunal studies that have been made in the Tertiary beds of this 
district. 
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south end of tbe San Joa quin Valley, Calif, : U. S. Geo!. Survey Bull. 471, pp. 10~136, 
1912. 

G An abstract of Johnson's observations Is Included In U. S. Geol. Survey Water·Supply 
Paper s 222 and 398. 

• Pack, R. W., The Sunset-Midway oil field, Calif. : U. S. Geo!. Survey Prof. Paper 116, 
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1 Clark, B. L., The stratigraphic and fauna! relat ionships of the Meganos group, middle · 
Eocene of Ca lifornia : Jour. Geology, vol. 29, pp. 141>-11!4, 1921. 

8 Wagner, C. M., and Schilling, K. H., The San Lorenzo group of the San Eurlgdlo re
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Dr. B. L. Clark has examined and identified much of the inverte
brate :fossil material collected from this district . . 
. The geologic departments. of oil companies that have information 
concerning the surface and subsurface geology of this district have 
tendered valuable cooperation. Mr. G. C. Gester, of the Standard 
Oil Co. of California, and Messrs. E. D. Nolan and C. H. Wagner, 
of the General Petroleum Corporation, have furnished logs and 
production records of their wells in the Wheeler Ridge oil field. Mr. 
J. A. Taff, of the Associated Oil Co., Mr. G. H. Doane, of the Milham 
Exploration Co., and officials of the Midland Oilfields Co. (Ltd.) 
and the Tejon-Kern Petroleum Co. have also furnished logs and 
other information from wells drilled within the district. Officials 
of. the Tejon ranches have likewise furnished logs of wells which 
have been drilled on their property. Dr. E. F. Davis and other 
geologists of the Shell Oil Co. of California have kindly cooperated 
and tendered many courtesies during this investigation. 

Appreciation is expressed £or the hospitality of employees of the 
General Petroleum Corporation's Rose pumping station, and to Mr. 
Fred Rush and officials of the Kern County Land Co. for providing 
living quarters during a part of the time occupied in field work. 

The writer wishes to acknowledge his indebtedness to numerous 
geologists who have offered suggestions and have discussed observed 
phenomena and theoretical questions concerning this complicated dis- · 
trict. Especially is he indebted to Dr. R. D. Reed, Dr. J.P. Smith, 
Mr. B. F. Hake, Dr. B . L . Clark, Dr. Gerhard Henny, Mr. L. M. 
Clark, Mr. W. A. English, Mr. W. D. Kleinpell, Dr. W. S. W. Kew, 
and Mr. P. C. McConnell. 

FIELD WORK 

Field work was begun in July, 1924. During that season Wheeler 
Ridge and adjoining areas were mapped by plane-table triangula
tion on a scale of 2 inches to the mile and mapping on a topographic 
base enlarged to 2 inches to the mile was extended westward to San 
Emigdio Creek and southward to include the Pleito Hills. In April 
and May, 1926, mapping on an enlarged topographic base was con
tinued westward from San Emigdio Creek t-0 Santiago Creek and 
eastward from Salt Creek to and beyond Comanche Point. 

STRATIGRAPHY 

Except for the pre-Tertiary batholith of granodiorite and other 
closely associated rocks of igneous and metamorphic origin, the rocks 
of the section along the southern border of San Joaquin Valley are 
entirely of Tertiary age. (See pl. 31.) All parts of the Tertiary 
system beginning with middle Eocene are represented, and the total 
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maximum exposed thickness of these deposits aggregates approxi
mately 24,000 feet. Most of the section is composed of elastic sedi~ · 
ments of marine origin, but continental deposits occur in the lower · 
Miocene and in the Pliocene and Pleistocene, and basaltic and · an
desitic lava and pyroclastic deposits occur in the lower Miocene. In 
addition, a bed of bentonite that represents a decomposed layer of 
volcanic ash appears to lie within the upper Eocene. 

BASEMENT COMP~ 

The San Emigdio and Tehachapi Mountains connect the Coast 
Ranges with the Sierra Nevada and adjoin the broad San Joaquin 
Valley to the north. Their central granitic core is continuous with 
that of the Sierra Nevada and in this region represents one or more 
batholithic intrusions of pre-Tertiary age. In the northern Sierra, 
where Mesozoic sediments are associated with the granodiorite, there 
is evidence that the intrusion occurred during or at the end of late · 
Jurassic time. It is uncertain, however, that the San Emigdio-Teha,
chapi mass was developed at the same time. It is conceivable that 
this enormous linear intrusion was a progressive action and that, in
stea,d of producing a single unit, it actually gave rise to a series of 
intrusive bodies of slightly different age. The southern or San 
Emigdio-Tehachapi portion may thus be either older or younger than 
the granodiorite of the northern Sierra and . may well be of pre
J urassic or Cretaceous age. From its relation to associated rocks ex
posed along its flanks this southern intrusive mass is regarded merely 
as pre-Tertiary. 

Although granodiorite is by far the most common rock type in 
the San Emigdio and Tehachapi Mountains, the mass is far from 
uniform in petrographic details and grades from gray and pink 
granite with a comparatively small amount of ferromagnesian 
minerals to black diorite. This granitic mass is gneissic in part and 
is associated with a metamorphic series that consists largely of gneiss 
and schist but includes a relatively small amount of coarsely crystal-
line limestone. · 

EOCENE ROCKS 

MEG.ANOS FORMATION {MIDDLE EOCENE) 

The presence of rocks in the San Emigdio foothills c~nta,ining 
what was believed to be a Meganos (middle Eocene) fauna was 
·fir.st recognized by B. L. Clark.9 These rocks, which had previously 
been included with the overlying Tejon formation, were traced by 
Clark from a point just west of San Emigdio Creek eastward to 

•Clark, B. L., The stratigraphic and fauna! relationships of the Meganos group, middle 
J!locene of Calltornla: Jour. Geology, voL 29, pp. 14~154, 1921. 
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GrapeVine Canyon. Clark 10 has more recently concluded that these 
fossiliferous beds east of San Emigdio Canyon should be referred 
to ·the horizon that he has named Domengine. These rocks east of 
San Emigdio Canyon have not been studied in detail by the present 
writer, but according to Clark they are best exposed between Pleito 
and San Emigdio Canyons, where " the basal beds consist of several 
hundred feet of fairly indurated coarse reddish-gray arkosic. sand
stone. The upper part of the section is composed principally of 
sandy shales and platy shaly sandstone.11 

Large angular boulders of granite also . occur at the base of the 
Eocene section in San Emigdio Canyon. 

The Meganos formation is described by Clark as resting directly 
upon the granite and is reported by the same writer to be overlain 
unconformably by the Tejon formation (upper Eocene). He says: 12 

One of the localities where the unconformable contact between the Meganos 
and the Tejon may be seen distinctly is about one-eighth of a mile back of 
the old Douglas ranch house, in the main canyon of San Emigdio Creek (near 
the south edge of the NW. ~ sec. 5, T. 9 N., R. 21 W.). Here the contact 
is beautifully exposed on the side of the canyon. There is a difference in dip 
between the two series of as much as 10°. A basal conglomerate containing 
fossiliferous boulders derived .from the beds below was found along the con
tact.11 • • • 

At the locality just mentioned the Meganos beds have a· thickness of less 
than 15 feet, and not more than 300 feet to the west the basal conglomerate 
of the Tejon rests on the granite. Just back of the ranch house, a little far
ther west, a remnant of the basal Meganos sandstQne outcrops below the basal 
conglomerate. Here the unconformity 19 evident. Traced east of this locality, 
the Meganos beds are found to thicken rapidly, reaching their maximum thick
ness near the bead of Pleito Canyon about 3 miles to the east, where the 
Meganos beds have an estimated thickness of more than 1,000 feet. These beds 
thin out rapidly farther east, and in the canyon of Salt Creek, only a little 
more than 4 miles distant, their thickness probably is not more than 100 feet. 
The conglomerate of the basal Tejon was"traced to Tecuya Creek in the next 
large.canyon east of Salt Cree.k. In Grapevine Canyon the basal conglomerate 
of the Tejon was found · to be separated from the granite by about 25 feet Of 
unfossiliferous coarse arkosic sandstone, together with a few feet of dark 
shales. 

Thus the beveled Megano9 is transgressed by the Tejon from west to east 
m the vicinity of Grapevine Canyon, only a · very small part of the Meganos 
being left, and in the next canyon to the east of Live Oak Canyon the Meganos 
beds fail to appear. 

10 Clark, B. L., The Domeng!ne horizon, middle Eocene o! California: California Univ. 
Dept. Geol. Sci. Bun., vol. 16, p. 107, 1926. 

u Clark, B. L., op. cit. {Jour. Geology), p. 1112. 
u Idem, pp. 149-152. 
1• The present writer has examined the exposure In the east wall o! San Emlgdlo canyon 

lllustrated by Clark and Is not certain that the apparent structural discordance In this 
exposure Indicates a period of uplift between Meganos and Tejon times. The beds are 
very lenticular, and It seems at least possible that the observed phenomenon Is the result 
of normal deposition by currents in shallow water---<:ondltlon, vnder which these basal 
Eocene sediments may well have accumulated, 



250 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1929, PART II 

.As a result of more recent fossil collections from this district Clark 
has concluded that his Meganos formation as described above includE;S 
beds which are actually equivalent to his_ Domengine formation north 
of Coalinga. His statement is as follows : H , . 

Later work on the Eocene faun11 from San Emigdio Canyon, listed by the 
writer in the 1921 paper as coming from the Meganos, shows that it probably 
should be referred to the Domengine horizon. However, to the west of San 
Emigdio Canyon in the eastern branch of San Diego [Santiago] Canyon what 
appears to be a good Meganos fauna was found near the base of the Eocene 
and only a little distance above the granite contact. Here TumtelZa mmriam.£ 
and several other distinctive Meganos species were collected. No stratigraphic 
work bas been done in differentiating these two horizons in this region. 

Clark now considers that the Meganos formation extends eastward 
to the vicinity of Salt Creek and that only his Domengine formation 
and the Tejon are present farther east in Grapevi:p.e Canyon.16 It 
should be noted that all fossils thus far reported from the struc
turally complicated Eocene east of Salt Creek have been referred to 
the Tejon by different workers. 

On the east bank of Los Lobos Creek, just below the road crossing 
near the granite contact, Eocene beds of probable Meganos age crop 
out in a small but prominent hill and consist of well-bedded brown 
and greenish-gray sandstone and sandy shale that are conglomeratic 
in part and contain angular boulders of dark gneiss and schist 1 to 5 
feet in diameter. (See pl. 32, .A.) These beds are. fossiliferous, but 
the forms collected were too poorly preserved for identification. 
Similar well-bedded brown sandstone and shal~ appear farther west, 
near the granite contact, where they dip either northward at an 
angle of about 75° or southward toward the granite. 

TEJON FORMATION (UPPER EOCENE) 

PALEONTOLOGIO STUDIES 

The richly fossiliferous Eocene beds of the Tejon formation 
between Live Oak Canyon and San Emigdio Creek have furnished 
material for study by many investigators since they were first dis
covered in 1854 by Blake.16 The first Eocene fossils reported from 
California came from Grapevine Canyon, and, as determined by sub_. 
sequent investigations, this and adjoining localities contain an unusu
ally rich marine invertebrate fauna that makes up a distinct fauna! 
unit of the California Eocene. The linear outcrop of these rocks in 
the vicinity of Live Oak, Grapevine, and Tecuya Creeks is th:us the 
type locality of the Tejon formation, the name Tejon having b~en 

" Clark, B. L., The Domengine horizon, middle Eocene of CallforDJa : California Univ. 
Dept. Geology Bull., vol. 16, p. 107, 1926. 

115 Personal communication, October, 1926. 
""Blake, W. P., U, S. Paclflc R. R. Exp!., vol. 5, pp. 41-50, 163-164, 197-211, 1867. 
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:first :applied to· these sediments by Gabb 11 from their occurrence near 
·<)Id: Fort Tejori. ·Much recent w()rk has been done on the paleontol
o'gy of the Tejon, and the last and most comprehensive study of the 
fauna. of this formation is that by Anderson a.nd Hanna.18 

SAll' EKIGDIO CANYON 

In· the vicinity of San Emigdio Canyon only the upper 800 feet 
of the Tejon formation was examined. This part of the formation on 
the north limb of the Devils Kitchen syncline supports an unusually 
sparse vegetation and consists of numerous thin slabby brown and 
gray sandstones of fine texture that are intercalated with ·purplish
gray and brown shale and sandy shale and very hard thin yellowish
brown nodular beds of iron carbonate. Some of the slabby sand-

. stones have ripple-marked .surfaces, but others are finely conglomer
atic, with well-rounded pebbles. The sandstone of the upper 300 feet 
of the Tejon formation at this locality is more massive and occurs in 
b.eds from 1 to 4: feet thick, in contrast to the thin slabby sandstone of 
the underlying portion. Poorly preserved invertebrate fossils and 
abundant plant fragments were found near the top of the formation. 

The lithology of the upper part of the Tejon formation in San 
Emigdio .Canyon differs· from that of the overlying San L'Orenzo 
formation (Oligocene) in that it is comparatively thin-bedded 
throughout, with no unusually massive beds of sandstone, and that 
shale is the preponderant type of rock. No conglomerate or sugges
tion of unconformity could be found at the top of the Tejon forma
tion in this vicinity. 

EAST 01' SALT OBEE:S: 

In some localities east of Salt Creek the Tejon :formation rests 
upon the granite or upon a slight thickness of beds belonging to the 
Domengine :formation of R L. Clark that are believed by him to crop 
out below the Tejon formation east of Salt Creek. At other localities 
these Eocene rocks are faulted against the granite. The Tej on is 
overlain unconformably by the Vaqu~ros :formatioµ (lower Mio
cene). The Tejon-Vaqueros contact is well exposed at several locali
ties, and east of Salt Creek, although there is no noticeable angular 
discordance, marine Oligocene strata are missing, and a coarse con
glomerate of the Vaqueros rests directly upon the Tejon formation. 

The outcrop of the Tejon formation between San Emigdio and 
Salt Creeks was not examined during this investigation but is well 

17 Gabb, W. M., Cretaceous and Tertiary fossils: California Geol. Survey, Paleontology, 
voL ·2, p. 18 of preface, and footnote on p. 129, 1869. 

u Anderson, F . M., and Hanna, G. D., Fauna and stratigraphic relations of the Tejon 
Eocene at the type locality ln Kern County, Cnllf. : California Acad. Sci. Occaelonal Paper 
11, 19215. 
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described by Pack,19 who states that its greatest thickness, approxi
mately 4,300 feet, occurs near Pleito Creek, where it consists of sh~~~' 

. 5;8!nd~to11e, .. and. some conglomerate. This thickness,, however,. Jn,- , 
'cfodes the Meganos formation, which, accor<;ti,ng ,~ .. ClarJ;,2,0 .is .µi.!?re 
than 1,000 feet thick. The Tejon formation thins mark~dly both to 
the west and to the east of this locality; near Live Oak Creek, 13. 
miles east of Pleito Creek, it has a thickness of about 1,200 to 1,500 
feet, but it decreases' eastward until, at a point 5 miles distant,, it ~ 
completely overlapped by the overlying Miocene deposits. Between 
Salt and Live Oak Creeks the Eocene sedi.inents are so greatly de
formed and duplicated by faulting and folding that their thickness 
can not be accurately determined. West of Grapevine Creek Eocene 
sediments within 100 to 200 fe~t . of the granite consist entirely of 
brown shale and fine sandy shale and, at several well-exposed places, 
dip southward toward the granite at angles commonly less than 50°. 
lt seems certain that Eocene sediments in this vicinity are · in fault 
contact with the granite, a condition that may 'exist throughout 
parts of the district farther west. . 

In the vicinity of Tecuya Creek and Grapevine Canyon the Tejon 
formation (with possibly a slight thickness of the upper Meganos), 
consists in greater part of soft dark-brown, dark-gray, lavender, and 
greenish-gray shale and sandy shale. Associated with· the shale :ls 
considerable poorly cemented soft gray and brown sandstone, and 
much of the .section contains numerous hard brown sandstone concre
tions that resemble cannonballs, many of which are f()ssiliferou~. 
More ablindant well-preserved fossils commoniy oc.cur m.· tl:i~ ~~nticU,
lar beds of hard brown sandstone. A concretionary bed of gray 
limestone 1 foot thick was noted in Grapevine Canyon, and round 
limestone concretions are fairly common. 

Brown sandstone conglomerate occurs 500 feet. or more above the . 
base of the Eocene series on the east ~ide of G;ra.pevine. Canyon and 
also just west of Tecuya Creek; the cobbles in this conglomerate are 
subangular, are 8 inches or less in diameter, and consist of gray 
granite, diorite, gray and pink quartzite, felsite po;rphyry, :da.rk-gray 
flint, fine and coarse gray sandstone, and light-gray limestone. Near 
the base of the Eocene in the west wall of Grapevine Canyon cobbles 
and boulders of similar petrographic character range from rounded 
to subangular and are as much as 12 inches in diameter . 
. _In Live Oak Canyon the upper 100 feet ·of the Tejon iorID,atlon 

consists of $Oft brown sandstone, with only ,a sina.11 amount of s.4ale 

10 Pnck, R. W., The Sunset-Midway oil field, Cnllt. : U. S. Geol. Survey P rof. Paper 116, 
pp. 23- 25, 1920. 

20 Clark, B. L., The stratigraphic and taunal relationships ot th'e Mega.nos group, middle 
Eocene ot Cnl!fornla: Jour. Geology, vol. 29, p. 11>2, 1921. 
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A. EOCENE SANDSTONE AND CONGLOMERAT E OF PROB
ABLE MEGANOS AGE, KERN COUNTY, CALIF. 

This exposure is north of the grnnite, on the east hank of Los Lohos Creek. 

JJ. llENTONITE BEDS IN TIIE TE.ION I•ORMATION 

These whH.e·wcathering lK.-ds ur~ vcrlicul und crop uuL 17-i miles wesl uf the w outl1 of lirupevine 
Can yon. 
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A. COARSE VAQUEROS SEDIMENTS AND BASALT AGGLOMERATE BETWEEN 
SALT AND TECUYA CREEKS 

The sediments are of many colors, and t.he dnrk body of basnlt is st.riltiogly irregular. Note the 
badland wpography. , 

B. BASALT AGGLOMERATE OR Jo'LOW BRECCIA IN VAQUEROS JUST WEST OF 
PASTORIA CREEK 

The coarse white ·boulders on the distant hill have weathered from overlying Vaqueros beds. 
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but with numerous intercalated hard beds of brown and gray sa~d
stone less than a foot thick, many of which are very fossiliferous. 
Stratigraphically lower the formation is composed largely of ~9# 
brown-weathering shale and sandy shale that contains many brown · 
and gray sandstop.e beds 8 .feet or less in thickness. Marine inverte
brate fossils occur in the sandstone throughout most of the section . 

.A notable feature of the Tejon formation between Tecuya and 
Grapevine Creeks is the presence of a bed that contains considerable 

· bentonite. Two beds of this white fluffy-weathering material .crop 
out in the :first large gulch west of Grapevine Canyon. (See pl. 
32, B.) The thicker bed appears to be 15 or 20 feet thick and is 
associated with considerable bentonitic clay. Bentonite' from this 
bed appears to be comparatively free from coarse detrital grains or · 
other impuriti~. an~ .to be a fairly pure substance. .A chemical 
analysis of this bentonite, together with an analysi~ of a gypsif~J:QUS " 
bentonite of probable Vaqueros age from Muddy Creek, appears 
below. 
'·.· 

Chemical analyses of bentomte from the San ErrVJ,gai-0 foot'Mll8, OaUf. 

s10, ___ __ _ --------- __ __ __ __ __ _ 
Abo, __ . •. ----- • --- . ____ • _. _ .• 
Fe.Os .... ---- - ---------- ----- -

~:Jl.:::::::: :: : : : :: : : : : : : : : : : 
Na.O ... .. . ---- ---- -- ---- ···-· 
KsO ..... ---- -- ----- --- --- --- -

65.44 
14. 16 

• 2. 89 
Z.05 
1.42 
2.30 
1.35 

2 

63: 78 HsO------------------------· 6.68 7. 16 
12. 28 HsO+--------- -- ---- -- ------- 3. 58 4.38 
• 2.52 T !Ot------- ---- --------------· . 40 .-38 

2. 35 SO•--------------- ------ ------ Undet. 2.34 2.16 , _ _ _,, __ _ 

'. ·L~ .. ~n ~~ 
'1. 40 . 

• Calculated from total Fe. . 
1. Sample from 15 to 20-foot bed in TeJon formation, San Emlgdlo roothUls, sec. 19, T . 10 N .. R . 19 W. 

Weight 100 grams. 
2. Sample from Muddy Creek, San Emlgdlo grant, NW. 34 sec. 18, T. 10 N., R. 22 W. Selenite present. 

Weight 400 grams. · 

OLIGOCENE ROCKS 

SAN LORENZO FORMATION 
1 • • ~ 

PREVIOUS STUDIES 

Pack,21 who mapped the region in 1911, recognized the presence 
in. the San Emigdio foothiµs of a considerable thickness of fossilifer
ous Oligocene marine sediments, although for convenience in mapping 
he grouped these deposits with the overlying Vaqueros formation 
(lower Miocene). Gester 22 and Dickerson 23 briefly refer to marine 

"' Op. clt., p. 26. 
• Geeter, G. C., Geology ot a portion of the McKittrick district, a typical example ot 

the west side San Joaciuln Valley oil fields, and a correlation ot the oil sand! ot the 
west side fields: California Acad. Sci. Proc., 4th ser., vol. 7, opposite p. 220, 1917. 

73 Dickerson, R. E ., Climate and its lnfiuence upon the Oligocene tannaa of the Pacific. 
Coast, with descriptions ot some new species from the Jlolopophonur 14noolnen& zone: 
Calltornln Acad. Sci. Proc., 4th ser ., vol. 7, p. 161, 1917. 

62338°-3()--2 
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deposits of Oligocene age in the ·San Einigdio region, but Wagner 
and Schilling 2' were the first to discuss the stratigraphic relations of 
these fossiliferous beds and to map their areal distribution. From 
a study of the marine invertebrate fossils they concluded that the 
Oligocene deposits in this district contain two fairly distinct faunas, 
and on this basis they divided the rocks into two formations, the 
" San Emigdio " (lower) and " Pleito " (upper), correlating the 
upper one with the typical San Lorenzo formation of the Santa Cruz 
Mountains and the lower one with the nonfossiliferous Butano sand
stone of that area. The Oligocene deposits were believed to have an 
unconformity at their base and at their top and to contain a " dis
conformity " bet~en the " San Emigdio " ·and " Pleito " formations. 

According to B. L. Clark,25 more recent fossil collections have 
shown that many of the fossil species that were found only in the 
lower or " San Emigdio formation " by Wagner and Schilling also 
occur in the overlying "Pleito formation." Clark therefore believes 
that the fauna! break between these two divisions is a minor one but 
is certain that an important faunal break occurs higher in the 
Oligocene section, within the "Pleito formation," although no un
conformity appears to occur at this horizon. 

The writer, in the time at his disposal, was unable to divide on a 
satisfactory faunal basis the Oligocene deposits of this area, all of 
which he has, for convenience, called the San Lorenzo formation but 
with the admission that the assemblage may include some beds 
younger and some Oligocene beds older than the typical San Lorenzo 
formation of the Santa Cruz Mountains. 

BAN EKIGDIO CANYON 

Most of the outcrop of Oligocene rocks lies outside the area con
sidered in this report, but a complete section of the San Lorenzo 
for:mation was examined in the east wall of San Emigdio Canyon, 
where it is well exposed along the axis and in the north limb of 
the Devils Kitchen syncline. This section, much of which is illus
trated in Plate 42, A, appears below. Thicknesses are approximate 
and are computed from barometric altitudes and structural observa
tions. 

" Wagner, C. M., and Schilling, K. H., The San Lorenzo group of the San Emlgdlo 
region, Calltornla: Calltornla Univ. Dept. Geology Bull., vol. 14, No. 6, 1923. 

"'Correspondence dated Apr. 19, 1927, 
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Section measured near D~ Kitchen, San Emigdi.o Oam.yon 

(Top or ridge (altitude 5,000--5,100 feet) , 1 mile east of San Emlgdlo Creek) 

Feet 
Massive light-gray and brownish-gray sandstone ~d con

glomerate; weathers to darker color in upper pe.rt. Tex
ture is fine in greater part, but couse, pebbly, and conglom
eratlc beds are very abundant, although generally thin and 
lenticular. Pebbles and cobbles are well rounded, the 
largest 6 inches in diameter, and consist of a variety of 
rock types, including quartz, quartzite, basalt, felsite, 
granite schist, and gneiss. Large shells of Oatrea sp. occur 
near top and base. Wagner and Schilling included the 
upper portion of this unit in the Vaqueros formation ______ 1, 000 

Massive light-gray to white sandstone ; texture ranges from 
fine to finely conglomeratlc--------------------------- 200 

A distinctly brown and brownish gray weathering series of 
shale, sandy shale, and sandstone in beds from a few 
inches to a few feet thick. Weathered surface bas corded 
appearance, with shale poorly exposed. Sandstone is all 
fine-grained and, like the underlying more massive beds, is 
gray and greenish gray when freshly broken. Bones of 
fossil whales and casts of small pelecypods were found 
about 350 feet above the base of this unit in a dark-gray 
concretionary calcareous sandstone. Poorly preserved in
vertebrate fossils were also noted about 150 feet above the 
base of the unit- ------- - - ----------------- ------------- 1, 500 

Massive beds of fine gray and greenish-gray sandstone in 
greater part, with thin lenticular sandstones that weather 
to a spotted brown and gray color ; some brown-weathering 
slabby and more thinly bedded sandstones are also present. 
These beds are cut by two sets of joints that are practi
cally normal to the bedding, one of which strikes N. 45° 
W., and the other N. 35° E. The base of this unit is near 
the base of the canyon wall at the synclinal axis, and the 
lower part contains thin lenses that are rich in well
preserved invertebrate fossils. Fragments of plant leaves 
and stems were noted at several horizons________________ 160 

Massive gray ·and greenish-gray sandstone of fine texture that 
contains sever.al beds of conglomerate 2 feet or less thick. 
One bed of fine gray sandstone 10 feet thick is cross-bedded. 
Pebbles and cobbles are rounded to subangnlar, the largest 
of them 4 inches in diameter, and consist of basalt, pink 
trachyte, white quartz, dark-gray quartzite, gray granite, 
and gray limestone. The base of this unit, according to 
B. L. Clark, is the base of Wagner and Schilling's "Pleito 
forin.ation_____________________________________________ 80 

Massive tan to brown· and gray fine-grained sandstone. No 
conglomerate noted. Basal 10 feet is massive sandstone 
and is overlain by 75 feet of softer sandstone and sandy 
shale that weathers to poorly exposed slope. A bed of 
dark-green glauconitic sandstone 1 foot thick occurs at 
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base. Basal 150 feet is very fossiliferous ; upper 100 feet 
contains thin dark-gray sandstone · U!n"ses rich in inverte-

Feet 

brate fossils, which are interc_alated with soft shaly 
sandstone---------------------~---~---------~---------- 450 

Tan, bluish-gray, and purplish sandy shale with dark-gray 
carbonate concretions and some ·thin layers of tan and 
greenish concretionary sandStone of fine texture. A. mas
sive 50-foot bed of greenish-gray sandstone occurs in the 
lower 100 feet. A few· fossils were·iioted in the dark con-
cretions-----------------~----------~------------------- 525 

Massive brownish-gray and tan sandstone of medium to 
coarse texture, coarser than overlying beds: contains 
brown imprints of plant fragments near base, but no 
other fossils were .found. A. 6-inch bed of conglomerate 
occurs locally near the top, but none was noted at the 
base------------ - - ------------------------ - ------------ 50 

Tejon formation (for description, seep. 251). 

Approximate total thickness of this section __________ 3, 965 

Approximate thickness at top of section arbitrarily assigned 
to the Vaqueros formation (an attempt to follow Wagner 
and Schilling in the absence of more original detailed 
stratigraphic data)-------------------------w----------- 165 

- Approximate thickness of San Lorenzo formation____ 3, 800 

The whale bones mentioned, which were found considerably below. 
the middle of the San Lorenzo formation (in the lower part of 
Wagner and Schilling's " Pleito fol,'mation ") , were examined by 
Remington Kellogg. According to hiin, they consist of 
two lumbar vertebrae with rather wide transverse processes, centre more or 
less pentagonal .in cross section, and high neural spines. They correspond in 
most features with vertebrae of shark-toothed dolphins (Squalodontidae) . 

These forms appear to be the first remains of fossil whales re
ported from pre-Miocene deposits of the Pacific coast. 

East of Salt Creek, 8 miles east of San Emigdio Creek, no marine 
Oligocene rocks· are present, and the coarse conglomerate at the base 
of the Miocene Vaqueros formation r ests directly upon the Tejon 
formation. The 3,800 feet of San Lorenzo deposits described above 
are therefore lost entirely in a distance of 8 miles and, as mapped 
and discussed by Wagner and Schilling,26 this condition appears to 
be due largely, if not entirely, to progressive overlap by the over
lying lower Miocene Vaqueros formation. 

EAST OF SAN EJIIGDIO OB.EEK 

A fossiliferous series of sandstone and sandy shale belonging to 
the San Lorenzo formation is exposed in the east wall of San Emig
<lio Canyon ·. along the western extension of the Pleito syncline. 

10 Wagner, C, M., and ScllWlllg, X:, U.1 op, cit., pl, i8, !>!>~ 2~~~~l, 
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These sediments are bluish gray and brownish gray, comparatively 
soft m greater part, and fine in :texture. Owing to much jointing, 
t.hey weather tO nodular surfaces. Harder beds of fine sandstone 
from 1 to 6 feet thick are abundant and commonly very fossiliferous, 
and hard dark-brown carbonate concretions and lenses as large as 
2 feet in diameter occur throughout these exposures. The lithology 
at this locality is much like that of the middle and upper parts of 
the " Pleito formation " exposed 2 miles to the south in the Devils 
Kitchen syncline, but definite correlation on lithology can not be 
made, for the intervening structure is complex and these detrital 
deposits appear to differ greatly in character within short distances. 
Jfrom a study of the fossils, Wagner· and Schilling came to the same 
conclusion concerning the age of these deposits and mapped them as 
belonging to the "Pleito formation." 27 

The northern edge of this isolated mass of San Lorenzo rocks is 
in fault contact with the Pliocene, Etchegoin, and Tulare formations. 

WEST OF SAN EMIGDIO OREEX 

West of San Emigdio Creek, but particularly between Los Lobos 
Creek and Santiago Canyon, is a belt of sandstone and shale that 
is sharply folded into a series of eastward-trending overturned folds. 
A massive soft white and brown sandstone with abundant brown 
sandstone concretions is here closely associated with and apparently 
overlain by a series of dark-gray shale and more thinly bedded fos
siliferous sandstone. The shale contains several 1-foot beds of lime
stone that weathers yellowish brown and is bentonitic; . one bed of ben
tonite is 1 to 2 feet thick and weathers to a fluffy light-gray surface. 
These lithologic characteristics strongly suggest that these rocks be
long to the Vaqueros formation and that they are equivalent to Nos. 
3 and 4 in the section given on pages 259-260, e~osed on Pleitito Creek 
near the axis of the Pleito syncline. However, fossils collected from 
a :fossiliferous sandstone in the area west of Los Lobos Creek are con
sidered by Clark to be of San Lorenzo age. 

In view of the s~riking lithologic similarity of these rocks to those 
that occur in the middle part of the Vaqueros formation near Pleitito 
and Pleito · Creeks, and the presence of fossils believed to be of San 
Lorenzo age, this belt of rocks is mapped as San Lorenzo, probably 
including some Vaqueros. As the list of fossils thus far collected 
and reported from the Vaqueros formation of this region is probably 
far from a complete record of the forms that actually exist, the 
writer wonders if some of the fossils that are believed to be re
stricted to the Oligocene do not actually exist in the Vaqueros forma
tion. As shown on the geologic map and in section A-A' (pl. 31), 

~ Idem, pl. 43. 
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these deposits west of San Emigdio Creek are faulted against the 
Meganos (middle Eocene), formation parallel to the granite, and 
the writer has some doubt if Oligocene rocks actually exist north of 
this fault. 

MIOCENE BOCKS 

GENERAL FEATURES 

Deposits of Miocene a.ge attain a considerable thickness in the San 
Emigdio foothills and consist of sandstone and conglomerate, soft 
shale, hard white siliceous shale, and volcanic rocks of " basic " and 
intermediate composition. Massive· sandstone and conglomerate and 
soft shale a!e by far the most abundant rock types in this pa.rt of the 
section. 

In the San Emigdio foothills these Miocene rocks include repre
sentatives of the Vaqueros and Maricopa formations. Rocks of 
Santa Margarita (upper Miocene) age crop out at the north end of 
the Tejon Hills and are probably present farther south near the Tejon 
ranch house and in the subsurface strata of the Wheeler Ridge oil 
field, but there appears to be no paleontologic evidence that this for
mation is exposed along the southern edge of San Joaquin Valley · 
between Santiago Creek and the Tejon ranch. Pack 28 considered 
that the Santa Margarita. formation is present between Santiago and 
San Emigdio Creeks, a belief which apparently was based on litho
logic character and the presence of a fossil considered to be Pecttm 
estrellmntus. As found by the writer, this form is fairly abundant, 
and, although in a poor state of preservation, several of them were 
collected from a locality just west of Los Lobos Creek that is men
tioned by Pa.ck. According to B. L. Clark, this fossil appears to be 
Pecten termli,mta Arnold, a form which was originally described as a. 
variety of P. estrellanus but which is a very distinct species charac
teristic of the J acalito• formation. 

It seems probable that in the San Emigdio foothills the Santa 
Margarita. formation is overlapped and entirely concealed by the 
younger Ja.ca.litos and Etchegoin formations (Pliocene), which, as 
shown in Plate 35, A, overlap much more steeply tilted Maricopa 
shale, of middle Miocene age, and upon rocks near Los Lobos Creek 
that carry Oligocene fossils. (See section A-A', pl. 31.) 

VAQUEROS FORMATION (LOWER MIOCENE) 

BETWEEN SANTIAGO AND SALT OREEX8 

The V a.queros formation of the San Emigdio foothills consists 
largely of massive coarse-grained and conglomeratic arkosic sand
stone, soft clay shale, and sandy clay shale, and a series of volcanic 

•Pack, R. W., op. cit., pp. 42-48 and pl, 2. 
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flows, agglomerates, and minor intrusive rocks that vary in char
acter from basalt to andesite. In the most southern exposures of 
this formation, from the south limb of the Devils Kitchen syncline 
eastward across Tecuya Creek, there are tentatively included with it 
at the base several hundred feet of shale, sandstone, and conglomer
ate which has a red and variegated color and which may be the 
equivalent of part of the Sespe formation of Ventura County.29 At 
the top there is also mapped with it a considerable thickness of soft 
brown clay shale and fine sandstone that directly underlies the 
Maricopa shale (middle Miocene) and is probably the equivalent 
of a part of the "Temblor formation" (Turritella ocoyana zone), 
as originally described by F. M. Anderson in the Mount Diablo 
Range 8 0 and in the vicinity of the Kern River.31 

The following section describes the lithologic character of the 
Vaqueros formation and overlying beds, probably corresponding to 
~he Turritella ocoy<NLa zone, as they are exposed along the Pleito 
.syncline, between San Emigdio and Salt Creeks : 

Section of the Vaqueros formation as exposed along the Pleito syncline from the 
Pleito Hills westward neairly to San Emigdio Creelc 

1. Basal conglomerate of Maricopa shale; consists of peb
bles, cobbles, and boulders as much as 2 feet in diam
eter embedded in a matrix of soft granitic sandstone 
and i;;oft brown and bluish-gray clay shale. Pebbles 
and boulders are of light-gray granite, diorite, schist, 
and gneiss, all angular to subangular ; gray and dark 
bluish-gray coarsely crystalline limestone, subangular; 
and hard white trachyte, very well rounded. The 

Feet 

pebbles and cobbles of trachyte are very abundant___ 150± 
2. A. series of soft brown shale, sandy shale, and sand

stone, which locally contains round hard brown sand
stone concretions from 1 to 4 feet in diameter. Except 
for these concretions and local thin beds of hard gray 
and brown sandstone, this member of shale and fine 
sandstone is very soft_ _____________________________ 3, 500± 

3. Soft shale and sandstone with some thin limestone 
layers. Lower part contains considerable massive 
but · soft light-brown and white coarse sandstone, 
together with gray and brown shale. This soft light
brown sandstone contains abundant hard brown sand
stone concretions on the ridge west of Pleito Creek, 

.. Kew, W. S. W., Geology ilnd oil resources of a oart of Los Angeles and Ventura 
Counties, Calif. : U. S. Geol. Snrvey Bull. 753, pp. 31-32, 1924. 

80 Anderson, F . M., A stratigraphic study in the Mount Dlablo Range of California: 
California Acad. Sci. Proc., 3d ser., vol. 2, pp. 168-173, 1905; A further study in the 
Mount ·rnablo Range of California: California Acad. Sci. Proc., 4th eer., vol. 3, pp. 17- 20, 
1908. 

81 Anderson, F. M., The Neocene deposits of Kern River, Calif., and the Temblor Basin : 
California Acad. Sci. Proc., 4th ser., vol. 3, pp. 90-95, 97-109, 1911. 
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about a mile north of the axis of the Pleito syncline. 
The upper part consists largely of BOft brown, cream
colored, and gray shale· which contains 11umerous 
limestone layers from 2 to 12 inches thick that 

Feet 

weather light brown. ApproXimate thickness ________ 1, 000± 
A lenticular and irregularly distributed series of 

ba:;;alt and andesite agglomerates, flows, and tuffs 
appears at about this horizon south of the Pleito syn
cline; small outcrops of dense basalt also appear far
ther north, near Pleito and Pleitito Creeks. 

4. Very massive gray and buff sandstone, fine grained in 
lower part but contains 50 to 100 feet of conglomerate 
about 200 feet above its bnse and is coarse and pebbly 
In upper part. Conglomerate contains well-rounded 
cobbles as much as 6 inches in diameter, composed 
of granite, gneiss, schist, quartz, rhyolite, gray sand-
stone, limestone, and other rocks. Dark-brown course
grained calcareous sandstone concretions are abundant, 
and some of them are very fossiliferous, containing 
massive shells and bones. This member weathers to 
gray and red along the synclinal axis just west of 
Pleitito Creek ------- ------------------------------ 700 

l'i. Shale that weathers black and tan and is everywhere 
p<iorly exposed. Fragments of gray and pink calcareous 
concretions occur over weathered surface. A few casts 
of pelecypods were found,.--------------- ----------- 150 

6. Gray and buff sandstone and shale with gray cal
careous concretions, harder and considerably more 
massive than tbe underlying member. Sandstone~ 

are coarse grained in lower part, but in upper part 
they are fine grained, hard, and weather to angular 
blocks. Hard brown concretionary sandstone masses 
are common in the upper half of this member_______ 300 

7. Fine-grained, soft, and less massive buff and greenish
gray sandstone and sandy shale. Fossil bones, repre
senting posterior caudal ·fin of cetacean were found 
on surface_________________________________________ 600 

8. Very ma.<;sive, coarse, and conglomeratic sandstone, 
exposed in low hills and dips 30° E. This · member 
corresponds to the uppermost member of the section 
measured in the Devils Kitchen syncline (see p. 255) . 
and may belong, in part at least, to the San Lorenzo 
formation, but it is herein considered the basal mem-
ber of the Vaqueros formation_________________ _____ 500 

Total thickness of Vaqueros formation and over
lying beds that probably represent the Turritella 
ocoyana zone (approximate) ____________________ 6,750± 

As shown on pages 253-255, a considerable thickness of sandstone 
and shale between San Emigdio Canyon and Santiago Creek may 
belong to the Vaqueros formation. In this area, however, it has not 
been possible to separate these sediments accurately from associated 
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beds that contain Oligocene fossils, and the entire belt is therefore 
shown on the geologic map as San Lorenzo. 

Fossils from the Vaqueros fot11nation a;nd. overlying bed.a, probably correspond
ing to Turritella ocoyana zone, of the San Emigd.i-0 foothiU8 

6 11 12 13 16 16 18 . 

------------------!--------------
Pelecypods: 

Chione sp _______________ : _______ ___ ___ _________________ ------ ------ X X ------ ------ ------

8~~.:e~Ci-iiriiii~err.A.r~old-_-:: ::::::::::::::::::::::::: :::::: --~-- :::::: ~ :::::: :::::: :::::: 
~;cf?,~ ~iiii8wso-iliroatiii:::::-:::::::: ::::::::::::::L~-- :::::: ~ :::::: :::::: :::::: :::::: 
MytilUSSP----------------------------------- ---------- X ------ ------ ------ ------ ------ ------

~~=~~°'\:::::i::=:\::i:::i::.i::~:: ::~:: l:••l 1:::::. il~l~ ::~:: ;;~;; ::-·:: 
Pinna (Atrlna) SP-------------------------------------- X --- -- - --- --- ------ ------ ___________ _ 
Saxidomus SP-------------------------------------------------------------______ X ------ ------Solen gravidus Clark ___________________________________ ------ ------ X ------ -- ---- ------ ---- --
Solen SP------------------------------- -- --------------- X ------ ---- -- ------ ------ ------ ------
Spisuia albaria Conrad ________________ ----------------- ------ ------ X ______ ------ ------ --- ---

Gastropods: 
Age.soma barkerlanum Cooper__________________________ X X X X _________________ _ 
Polinices (Neveritn) ocoyann Conrad _______ ,___________ X ------ ------ -- ---- ------ ------ --- ---
Pollnices SP--------------------------------------------------- ------------ x -- -- -- ------ ------

6. In massive sandstone near top of eastward-trending ridge just north of tbe Plelto 
syncline and 2,000 feet west of Pleltlto Creek ; altitude, 3 000 feet. 

11- Just west of Pleitlto Creek, at east end of ridge juct north of the Plelto syncline. 
12. In massive sandstone bait a mile east of Pieitito Creek and balf a mile north of tbe 

Pleito syncline, in the southwest corner of sec. 10, T. 10 N., R. 21 W.; same horizon as 6-
13. In massive sandstone near top of ridge east o! P!olttto Creek and three-quarters of 

a mile north of tbe Ple!to syncline; near the center of the W. 11.i sec. 10, T. 10 N., R. 21 
W. ; same horizon as 6 and 12. 

15. In shaly sandstone in east wall of Pleitlto Canyon ; south-central part of sec. 21, 
'£. 10 N., R. 21 W. 

16. In sandstone at top of ridge near center of the .wes": side of sec. 3, T. 10 N., R. 
21 w. 

18. In gray sandstone on low ridge east of Plelto Cree::, in E. 11.i SW. "' NW. :1,4. 
sec.- 2, T. 10 N., R. 21 W. ; altitude, .about 1 ,900 feet. 

SALT AND TEOlJYA CREEKS 

Near the mouth of Salt Creek beds that appear to be the upper 
part of the. Vaqueros formation are exposed along the axis of a sharp 
northwestward-trending anticline that probably continues north
westward along the lower part of the Pleito Hills as an overturned 
fold. The . exposed Vaqueros on lower Salt Creek contains some 

· basalt but consists chiefly of soft light-gray and brown sandstone 
and shale which contain in the upper part hard round dark-brown 
sandstone concretions and in the lower part thin layers that are filled 
with lignitic fragments of plants. 

South of the axis of the Pleito syncline and east of Salt Creek the 
lower part of the Vaqueros formation is coarsely conglomeratic and 
contains irregular masses of coarse volcanic agglomerate (see pl. 
33, A), and sediments of variegated and brilliant colors. A " sliver " 
of granite has apparently been thrust northward in this vicinity and, 
having concealed the Tejon formation entirely, is in contact with the 
variegated conglomerates of the lower part of the Vaqueros. North 
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of this granite "sliver" these lower conglomerates and fragmental 
volcanic rocks are overturned and dip southward at an average angle 
of 50° to 60°. 

The approximate stratigraphic succession exposed north of the 
granite is as follows : 

Seoti<>n south of the aaJis of the Pleito syncline and east of Salt Creek 

Maricopa shale : White siliceous shale associated with 
fine conglomerate that contains well-rounded pebbles 
of white trachyte-------------------------:-------

Vaqueros formation: 
Soft brown and gray fine-grained SB.ndstone and 

sandy shale with some massive beds of hard 
brown sandstone. Approximate thickness ____ _ 

Coarse granitic sandstone and conglomerate that 
weathers light gray and carries streaks of red 
clay. Subangular cobbles and boulders of gran-
ite, schist, gneiss, limestone, basalt, andesite, 
and sandstone 10 inches or less in diameter ___ _ 

Basalt agglomerate and dense and scoriaceous basalt 
in lenticular beds intercalated with soft light-gray 
sandstone, gravel, and red clay; some greenish-gray 
bentonitlc clay is also present The agglomerate 
weathers dark brown, red, and maroon and contains 
angular volcanic fragments as large as 12 inches 
across that are embedded in a dark-brown matrix 
of much smaller volcanic fragments _______________ _ 

Andesite agglomerate ; similar in texture to basalt ag
glomerate and intercalated with soft light-gray sand
stone and conglomerate. Volcanic fragments are 
pink and light-blue porphyry, and the mass weathers 

l!'eet 

50 

1,.500 

200-500 

50-150 

to light bluish gray_______________________________ 50-100 
Coarse conglomerate that weathers light gray and 

bluish gray, soft granitic sandstone, and red and 
blue claY-------------- --------------- ----------- 1,500-2,000 

Granite fault block. 

In 'recuya Creek the brilliant colors of the lower part of the 
Vaqueros formation are particularly striking. These beds a~e com
monly overturned and are probably in fault contact with the Eocene 
in mnch of this area. In the first arroyo east of Tecuya Creek, how
ever, the contact is well exposed and the relation appears to be 
normal, with no evidence of faulting or angular discordance. Both 
the Vaqueros and the Tejon are in a vertical position at this locality, 
and the coarse conglomeratic sandstone member at the base of the 
Vaqueros red beds is in contact with soft brown and gray shale and 
concretionary sandstone of the Tejon. 

The coarse ill-sorted character and brilliant colors of these lower 
Vaqueros beds near Tecuya Creek suggest that they are continental 
deposits. Some of the volcanic flows and agglomerates west of Salt 



O~oL6G-r .A.Ni> OIL, Mtl'.TH~RN' $AN j6AQUIN v.ALL:EY, CALIF. 263 

Creek may have been deposited on the bottom of the sea floor, for 
they are intercalated with sandstones that carry marine fossils. No 
marine fossils have been found in the lower Vaqueros east of Salt 
Creek, but these coarse deposits have yielded fragmentary remains 
of land mammals that have been described by Chester Stock. Ac
cording to him, "The collection consists of relatively numerous in
dividuals of the genus Hypertragulus-a form related to the early 
camels or deer-a rhinoceros, and a squirrel-like rodent." 82 Con
cerning the age of these lower Vaqueros deposits, which he called 
the "Tecuja [Tecuya] beds," Stock says: 88 

The evidence derived from a study of the geology and invertebrate paleon~ 
tology of the area between San Emigdio Creek and Tecuya Creek suggests the 
possibility that the strata containing the vertebrate remains represents the 
initiation of a period transitional in time between Oligocene and Miocene. Such 
a view is perhaps in closest agreement with the known relationship of lower 
Miocene and upper Oligocene vertebrate faunas found elsewhere in North 
America. 

In the San Emigdio foothills the red beds and associated ill-sorted 
conglomerates in · the lower part of the Vaqueros formation grade 
upward into and are conformable with the overlying marine Va
queros strata, a stratigraphic relation which is comm.on to the Va
queros and Sespe formations in the Santa Clara Valley and the Santa 
Monica Mountains.u The red beds on Tecuya and Salt Creeks con
tinue westward along the strike to the head of Pleitito Creek, where 
they overlie the San Lorenzo formation and are overlain by volcanic 
deposits and marine sandstone containing Pecten bra711Mri Arnold, 
Pecten perrini Arnold, and Pecten sespeensis Arnold. 

BETWEEN GRAPEVINE CREEK AND THE TE;JON RANCK 

.No diagnostic fossils have been :found in the rocks east of Grape
vine Creek that are here included within the Vaqueros formation, 
but in this vicinity a similar series of volcanic rocks and coarse con
glomerate has the same · stratigraphic relation to the underlying 
Tejon formation. It seems fairly certain that these deposits east 
of Grapevine Creek are equivalent to the lower part of the Vaqueros 
formation near Tecuya and Salt Creeks, which is characterized by 
volcanic flows, sills, agglomerate, and coarse conglomerate. In 
this more eastern area the Vaqueros formation crops out 1 mile east 
of Grapevine Creek, where approximately 100 feet of volcanic rock, 
consisting of reddish-brown ves.icular and amygdaloidal basalt (with 
calcite amygdules), coarse basaltic agglomerate, gray ashy sand, and 
dark-green bentonitic clay is underlain by coarse sediments that con-

*" Stock, Chester, An eal'ly Tertl:try vertebrate fauna from the southern Coast Ranges 
of California : Cnllfornla Univ. Dept. Geology Bull., vol. 12, p. 269, 1920. 

31 Idem, p. 274. 
"'Kew, W. S. W., op. cit., pp. 32, 34, 37. 
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tain red and gray clay. Part of the Tejon formation at this local
ity, especially that exposed north of the Vaqueros, probably lies in 
a landslide. From this locality eastward to a point midway between 
Live Oak and Pastoria Creeks the Vaqueros an<;l the underlying 
Tejon formation are broken by several faults, and _are everywhere 
steeply dipping or overturned toward the north. (See structure sec
tion G-G', pl. ;n.) At Live Oak Canyon the ·only volcanic rock 
is a vesicular basalt that shows flow structure and has an average 
thickness of a little more than 50 feet. This basalt is overlain by 
about 1,500 feet of coarse sandstone, conglomerate, and boulder 
beds, and beneath the basalt lies about 700 feet of soft coarse granitic 
sandstone, gray shale, and conglomerate, with a 25-foot bed of con
glomerate at the base in contact with the Tejon formation. Cob
bles and boulders in these conglomerates range from subangular to 
well rounded, and are as much as 2 feet in diameter. They consist 
of quartzite, granite, schist, limestone, and other materials. Near 
Pastoria Creek th~ upper conglomerates contain angt,tlar boulders 
of similar character, the largest of which are 8 fe~t in diameter. 

This same series continues eastward to Pastoria Creek with little 
noticeable change in chaxacter. Just west of Pastoria Creek a thin 
series of rhyolite and andesite flows and agglomerate that weathers 
pink and purple underlies the black basalt and basaltic agglomerate. 
The andesitic portion of this volcanic series is much thinner than 
on Tecuya Creek and is barely noticeable except in good "exposures; 
at such places these deposits are intercalated with light-gray coarse 
well-bedded sandstone that contains considerable volcanic ash and 
numerous small fragments of scoriaceous basalt and trachyte. 

From Pastoria Creek the Vaqueros formation continues northJ 
eastward to Tunis Creek with the same general character and thick
ness, although for a short distance the conglomerate above the 
basalt is concealed beneath Recent alluvium, and moreover, toward 
Tunis Creek, the basalt and associated volcanic rock thicken con
siderably at the expense of the conglomerate. (See structure section 
H-H': pl. 31.) A mile west of. Tunis Creek the Vaqueros forma
tion completely overlaps the Tejon and, from the granite contact, 
dips northwestward in a gentle monocline at an average angle of 
about 20°. The total thiclmess of the Vaqueros formation at this 
locality is approximately 1,800 feet, of which 1,000 to 1,200 feet is 
basalt and basalt agglomerate. This unusually thick basalt lenses 
out completely to the east in a distance of little more than a mile 
and, except for a single small outcrop, is not exposed east of Tunis 
Creek. The associated Vaqueros conglomerate also rapidly thins 
northeastward, until south of the Tejon ranch house it is completely 
overlapped by the overlying Santa Margarita ( ~) formation. 
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W ~t of Pasto;ria. Creek the _biisalt interbedded in the Vaqueros is 
, l~gely coarse agglon:ierate ,wi~h angular blocks of dense basalt (see 
pl. 33, B), ·many . of which show distinct flow lines. Apparently 
th~e blocks have resulted from . the shattering of cooled or partly 
cooled basalt flows. Northeast of Pastoria Creek the basalt is more 
dense, although scoriaceous . at. ~he base, and appear:s to consist of 
a .series of flows. Midway between Pastoria and Tunis Creeks the 
upper and major basalt is underlain by a 50-foot bed of creani
colore<;I rhyolite agglomerate that is broken by a series of north
westward-trending faults. Just west of these faults, near the h.ead of 
a prominent gulch, a good exposure shows an angular _disc_ordance 
of about 15° betw1;1en the inclination of the basal basalt flows and • 
the dip of t.he underlying soft coarse granitic sandstone. · This rela
tion is illustrated in Figure _8. 

Although no .further data could be found in regard to the extent 
of: this angular unconformity, it may quite possibly extend into ad-· 
joinj.ng districts, .especially far
ther west, into the area of more 
intense deformation. 

MIDDLE MIOCENE ROCKS OF THE 
TEJON HILLS 

LITHOLOGY 

Tertiary rocks are absent in the 
Tejon Valley east and northeast 
of the Tejon ranch; this broad, 
flat alluvium-covered valley is 
bordered on the south and east 

FIGUJlm. 8.-Uncontormlty between sandstone 
ot th.e lower part. of the Vaqueros and 
overlying breccla and basalt flows, 2 miles 
northeast . of mouth of Pastoria Creek, 
Kern County, Calif. 

by rugged granite slopes, and at several places granitic rock er.ops 
out from beneath the alluvium . of tile valley floor. Farther north 
and northwest, however, late Tertiary sediments have been tilted and 

.folded to .form a group of-low hills-the Tejon Hills-which border 
the granite on the Sierra Nevada on the west and which rise 500 to 
1,000 feet above the adjacent floor of San Joaquin Valley. 

In the northern part of the Tejon Hills Miocene sediments rest 
with normal depositional contact upon· the basement complex and dip 

· at an average angle of about 12° W. They crop out east of Co
manche Creek and reappear farther west at Comanche Point, where 
they are folded into a prominent anticline. These ·Miocene sedi
ments, which are herein mapped with the Vaqueros formation 
(lower Miocene), are chiefly of middle Miocene age, for they contain 
in their lower part a marine invertebrate fauna that is similar to 
that from the " Temblor formation," or Twrritella ocoyanlli zone, in 
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the Mount Diablo Range·85 and in the vicinity of the Kern River.88 

They may actually represent a near-shore phase of the Maricopa · 
shale. They are overlain unconformably ·by the Santa Margarita 
formation, which locally overlaps ·all the tinderlying strata and r~sts 
directly upon the granite. . . 

There are some foraminiferal data which suggest a tentative cor
relation of the lower part of the Miocene beds encountered in the 
W. W. Stabler well, at Comanche Point, with the Miocene sediments 
exposed 25 miles farther north in the Poso Creek district and with . 
the lower part of the Maricopa shale on the west side of San Joaquin 
Valley. According to W. D. Rankin,8 7 Valm'lilinaria were encoun
tered in the Miocene of the Stabler well at a depth of 2,100 feet. 
W. D. Kleinpell 37 has inforined the writer that a distinct and similar 
V almulinaria zone occurs near the top of the ezj>osed middle Miocene 
sediments in . the Poso Creek district, 25 to .30 miles north of the 
Tejon Hills, and also on the west side of San Joaquin Valley, 4 miles 
southwest of Taft, in the lower part of the Maricopa shale. If this 
fossil zone in the Maricopa near Taft may be assumed to be equiva
lent to the V al,vulinaria zone in the Stabler well, then all of the 
overlying 2,000 ~eet, more or less, of pre-Santa Margarii:a Miocene 
of the Tejon Hills is the near-shore equivalent of the Maricopa shale. 

East of Comanche Creek these middle Miocene beds have a maxi
mum exposed thickness of 600 to 700 feet and consist, with a few 
exceptions, of clean light-gray sandstone and conglomerate that in 
greater part is massive and exhibits little or no bedding. (See pl. 
34, .A.) Although well-bedded light-gray shale and fine sandy shale 
containing leaves occur locally in the lower 100 feet, the lower 25 
to 100 feet is commonly a basal conglomerate and contains many 
angular or rounded boulders' 0£ granitic and metamorphic rocks 10 
feet or more in diameter; the overlying 200 to 300 feet consists 
largely of soft fine gray and brown sandstone in which concretions 
and thin beds of locally fossiliferous brown sandstone are common. 
Approximately the upper half of these middle Miocene beds is gen
erally of coarser texture and contains well-rounded pebbles and 
cobbles 6 inches or less in diameter that consist of quartz, granite, 
quartzite, dark schist and grieiss, and black chert . . Large angular 
chunks, 8 inches or less in diameter, 0£ soft green sandy shale occur 
at places in the upper and lower parts of this formation. It is 
evident from this that middle Miocene or earlier sediments of 
a character corresponding to these green chunks have been de-

""Anderson, F . M., A stratigraphic study In the Mount Dlablo Ra~ge of California : 
California Aead. Bel. Proc., 3d ser., Geology, vol. 2, pp. 15~250, 1905; A further s tudy In 
the Mount Dlablo Range ot California: Idem, 4th ser., vol. 3, pp. 1--40, 1908. 

•Anderson, F. M., The Neoeene deposits of Kern River, Calif., and the Temblor Basin: 
California Aead. Sci. Proc., 4th ser., vol. 3, pp. 99-101, 1911, 

., Oral communication. 
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pqsited, indurated, . brqken up, and red~posited in angular . blocks 
without being ·much waterworn. Sediments of this type were not 
found ex;posed in this or near-py areas, and it is possible that after 
being deposited this green sandy shale was entir~ly removed by ero
sion along or near the middle Miocene shore line. The character . of 
the d(ltrital masses is strikingly. different from that· of the clean coarse 
sand in which they were deposited; this occurrence and the size of 
the blocks strongly suggest that they resulted from subaerial erosion; 
In this connection it should be remembered that an angular uncon
formity occurs wlthin the Vaqueros formation south of this district, 
although apparently • at a lower stratigraphic horizon. 

The thickness and character of this middle Miocene formation 
change rapidly as it dips westward from the old granite shore line 
beneath San Joaquin Valley and toward an area that in middle 
Miocene time was probably occupied by an open sea. To judge from 
the log of the Comanche Point Oil Co. 's well and exposures of middle 
Miocene rocks on Comanche Point, west of lower Comanche Creek 
and 2% miles west of the granite contact, this formation has · 
thickened to at least 1,750 feet and consists of a middle member of 
light-brown shale and upper and lower members of coarse sandstone 
and conglomerate. 

The middle brown-shale member is exposed along the axis of the 
anticline on Comanche Point, where it contains some brown sandstone 
and a single 2-foot ledge. of hard, dense yellowish-brown limestone; 
in the limestone Foraminifera of the genus Bulimina (large fotm), 
are abundant and plainly visible to the naked eye. . These minute 
fossils have been examined by D. D. Hughes, who reports them to be 
of Miocene age but to be a different species from any of the other 
recognized Miocene Foraminifera · of· San Joaquin Valley. The 
brown shale is fairly soft but compact and somewhat brittle, and 
when stru,ck with a hammer it. breaks along indistinct bedding planes. 
Minute white specks that·resemble diatoms are abundant along these 
bedding planes; arid in thin sections of some of this shale diatoms 
were comrrion although not abundant. In the log of the Comanche 
Point Oil Co.'s well this middle niember of brown shale is recorded 
as about 600 feet thick. 

Only the upper of the· •two sandstone members of this middle 
Miocene formation is expo5ed on Comanche Point. These beds are 
cut by many joints and probably also by faults, and they contain con
siderable selenite as vein material. Tbjs member is coarse and con
glomeratic in large part, and its finer portions are composed of poorly 
rounded and only fairly well sorted grains of quartz, feldspar, and 
ferromagnesian minerals; biotite and hornblende are commonly noted 
constituents. The maximum size of the oobbles is at least 6 inches, 
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and they consist of granite, rhyolite porphyry, .gneiss, schist, and 
quartzite~ ·· AS shown in Plate 34; .. B, these cobbles are invariably well 
rounded, ill .contrast to the poorly rowi'ded. fragments of rock in the 
overlying Santa Margil.l'ita·,, (sM' 'pJ!. 1.~;'' o~·(and1-; the1 huff Chanac 
formation. It is also noteworthy that_ in_ the conglOmerates of the 
Cha.nae formation pink·rhyolifo porphycy'iS 9y far ~e'mdstl"common 
detrital rock type, whereas granite and_ dark metamorphic rock are 
preponderant in the middle Miocene formation. 

RELATIONS TO THE SANTA MARGARITA FOBlUTIOlf 
• . . . • . . •. : · . • : ; , , •;_ 1 • • 

' 

The actual contact of the middle Miocene beds with the overlying 
Santa Margarita (upper Miocene) formation is ·nowhere well• ex
posed around Comanche Point, but it is apparent from the areal 
distribution of these two formations (see pl. 31) that they are un~ 
conformable. It appears that the middle Miocene form11:tion · at 
Comanche Point was folded into an anticline bef9re Santa Margarita 
time and that the Santa Margarita formation, · here much thinner 
than elsewhere, was deposited over the eroded •surface ·of' an antfolin:al 
hiU·of Vaqueros· sed.iinents.: .East.of Co'nia.riche •0reek the - two.,:for~ 
m_ations are ,gently incliri:ed and·theirrelatioI;IB are.:in niost places not 
entirely clear; the Santa Margarita formation, however, completely 
overlaps the Vaqueros in the southern part of the Tejon Hills, and 
farther north, where both formations are exposed, it appears to 
transgress the eroded upper surface of the middle Miocene beds. 

, f I ~ ! . i i_ ; j : '. . . : t ; ·. j '. ·. :° ' } ~ ; · · · • . . : ~ 
: l!'OSSILB. . . · 

·'. . '! . ·.; 0 ~ .· ~-·: ! • ; -~ ; t . : 

: ~. 1~15 ,J., P. ~uwald,a, .B_. ·It Qlark;88 and associates· studied th6" 
geology pf the 'fejon Hills and collected a number· Of marine fossils · 
from the middle Miocene beds. These forms were identified by Clark 

• as follow.s :. ' . . • 
Scutella andersoni Twitchell 
Scutella merriami Anderson. 
Pecten 8.lldersoni .Arnold. 
~a ocli.snerl Anderaon and Marfui. 
01tvil 'caiifornt~ Anderaon. · · 

· Trophon kernensis Anderson. 
Conus owenlanii, Anderson. 

. Teyebr~ cooperi Anderson. 
· ~n;itella. ocoyana Conrad. 

Of this list Peaten andersoni, Troplwn kernerlJ!is, Terehra ormp~ri,~. 
and Tumtella ocO'IJana have also been found in the J:urritella.ocqya_na 
zone ("Temblor formatiqn "),.of.9ie.J(ern.B,iver ~~ict and, .~,.f~r 
as known, are restricted to thil:! general •horizon qf the Miocene. 811. , · , : · . • 

Except fol," . barn.acles no additional marine forms were found in the . 
middle Miocene beds duri~g thls u;_~estigati~n. At one locality .e~: 

18 Merrlnm, J. C., Mnmttiallnn r emains from. the Chanac tormat!on of the Tejon Hills, 
Callf.: Callt1>rn)a Unlv. Dept. Geology ·Bull;, ·vol. 10, 'pp, 118-115, -1916. · · · :· •·.· 

•Anderson, F. M., The Neocene deposits of. Kern &Iver, Calif., . and the Temblor Basin.: 
California Acad. Sci. Proc., 4th ser., vol. 3, pp. 99-101, 1911. 
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A. CONGLOMERATIC SANDSTONE OF TURRITELLA OCOYANA ZONE IN THE 
TEJON HILLS 

Note lack of heddiog and characterisLlc well-rounded pebbles and irregulnr concreLlooary masses. 

B. WELL-ROUNDED COBBLES OF THE SANDSTONE SHOWN IN A 

C. ANGULAR AND SUBANGULAR ROCK FRAGMENTS, TYPICAL OF THE SANTA 
MARGARITA AND CHANAC FORMATIONS IN THE TEJON HILLS 



U. S. GEOLOGICAL SURVEY BULLETIN 812 PLATE SS 

A. UNCONFORMITY BETWEEN WHITE-WEATHERING MARICOPA SHA.LE AND 
OVERLYING ETCHEGOIN NEAR MUDDY CREEK 

The contact is traceable for at least half a mile. 

B. SANTA MARGARITA AND CHANAC FORMATIONS IN THE TEJON HILLS 

Looking northwest. down Comnnclrn Creek. Light-groy beds of !he Snn1n MorgnriLa appear in 
tho right. disLonce; l.hc dark formolion ot. the left is the Chnooc. 



of Comanche Creek, near the sharp jog in the El Tejon grant line, 
· th~ basal part of the formation consists of well-bedded light-gray 
sandy shale with imprints of leaves. All fossils found in these beds 
came from the lower 50 to 100 feet and, in some places, from the 
basal bed, in contact with the granite. 

MARICOPA SHALE ("UPPER AND MIDDLE ¥!0CENE) 

GENERAL FEAT'IJRES 

The Maricopa shale is exposed in three small areas in the San 
Emigdio foothills-in lower Muddy Creek, in middle Pleitito Creek, 
and in the Pleito Hills south of Wbeeler Ridge. In each of these 
areas only a part of the total thickness of this formation crops out, 
so that no accurate information is available concerning the total thick
Ii.ess east of Santiago Creek The type section of the Maricopa shale, 
as described by Pack,'0 occurs just south of Pioneer, 6 miles west of 
the area considered in this report, where the exposed thickness is 
4,800 feet. The entire formation in the San Emigdio foothills east 
of Santiago Creek may or may not have a comparable thickness. Its 
total area of outcrop in this district is only about 5 square miles, and 
at no place is the complete formation exposed. In the area here con
sidered the Maricopa shale includes only that part of the Miocene 
section that consists largely of siliceous shale, an assignment that is 
in accord with the earlier definition of Pack.41 There appears to be 
no good evidence that rocks of Santa Margarita age are included in 
the Maricopa shale of this area. ' 

LOWER MUDDY CREEK 

Along the lower course of Muddy Creek the Maricopa shale is 
exposed to a thickness 6f about 800 'feet and is composed largely of 
white and light-brown thinly bedded siliceous shale and intercalated 
beds of dense limestone that weathers brown. The siliceous shale is 
gener~lly fissile and brittle; it is only of intermediate hardness and 
commonly is somewhat punky. The lower exposed portion carries 
some soft dark brownish-gray sandy clay shale that contains abun
dant dark-green grains resembling glauconite. Calcareous Forami
nifera are abundant at some horizons in the Maricopa shale on 
Muddy Creek, and brown fish scales are common, but diatoms are 
generally scarce or absent. . 

.The Maricopa shale in this vicinity is exposed along what appears 
to be a sharp anticlinal fold that is broken near its crest by a longi
tu~inal fault. The format~on is faulted against Etchegoin 

40 Pack, R. W., The Sunset-Midway oil field, Call.t. : U. S, Gee;>!. Survey Prof. Paper 116, 
p. 88, 1920 . 

.,, Idem, p. 35. 

~·---al)---3 
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(Pliocene) greellish-gray clay on the soutli, and as it dips j.t uQ.de~..: 
lies the Etchegoin formation ·with pronounced t?-nconformity, the 
angular discordance between the dip of the two formations in acfuii.l ·: 
contact being 30° to 35°. (See pl. 35, A.) This striking uncon.: 
formity is well exposed for a considerable distance along the strik~ 
of these rocks and provides ample proof that the Maricopa shale and 
older rocks were sharply folded and deeply eroded along this foot
hill belt in pre-Etchegoiri time. That considerable erosion of the 
Maricopa shale of the Muddy Creek area occurred in pre-Etchegoin 
time is supported by foraminiferal evidence, for, according to P. P. 
Goudkoff and S. G. Wissler,'2 who have studied the Foraminifera of 
this shale, the Muddy ·creek section contains no equivalent of the 
upper part of the type section of the Maricopa south of Pioneer. In 
fact, according to Wissler, the Foraminifera in the Maricopa of 
Muddy Creek more clearly resemble the microfauna of the shale in 
the Sunset Valley area which Pack included in the Vaqueros than 
that of the overlying siliceous shale of that area. In . this district 
there appears to be no evidence that permits a more definite state-

. ment as to the exact time of this notable epoch of deformation-that 
is, whether it occurred before or after the Santa Margarita forma
tion (upper Eocene) was . deposited. At 'Comanche Point, how
ever, 25 miles to the east, lower and middle Miocene rocks were 
folded and eroded before Santa Margarita time. (Seep. 273.) As 
there appears to have been only one epoch of pronounced folding 
in each of these areas in late Miocene time, it is reasonable to con
clude, tentatively at least, that both areas were uplifted and de
formed at about the same time and that much, if not all, of the 
present foothill belt along the south end of San Joaquin Valley was 
folded and exposed to subaerial erosion at 'about the end of the 
middle Miocene. 

PLEITITO O:REEK 

A small outcrop of Maricopa shale occurs on middle Pleitito. Creek 
about 2 miles from the northern edge of the foothills. The forma
tion at this locality is of the same general character as that on Muddy 
Creek and has similar structural relations with the Etchegoin for
mation (Pliocene). A sharp anticinal fold at this locality has been 
faulted along its ·axis so that about 300 feet of light-brown and 
cream-colored siliceous shale is exposed in fault contact with green 
clay shale of the Etchegoin. As on Muddy Creek the siliceous shale 
on Pleitito Creek is also overlain unconformably by the Etchegoin, 
but the angular discordance is slight, l;>eing only about 5°. One of · 
the noteworthy features is the presence of a 6 to 8 foot bed of 
~-------- -------·---·--··---

" O.ral CO!llmunic;:a tlQn, 
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~oarse conglomerate a.t the base of the Etchegoin that. transgresses 
th~ beveled strata of Maricopa shale. 

PLEITO RILLS 

The only locality in the foothill belt. east of Santiago Creek that 
affords an opportunity to observe the stratigraphic relations between 
the Maricopa shale and the underlying Miocene deposits is south of 
Wheeler Ridge, along the a.xis of the Pleito s;Yncline in sec. 13, T. 10 
N., R. 21 W. At this locality the soft brown sandy shale, which 
.prob.ably belongs to the middle Miocene Twrritella ocoyana zone, is 
overlain with apparent structural conformity by a coarse basal con
glomerate of the Maricopa shale. The conglomerate is about 150 
feet thick and grades upward into beds that consist largely . of 
white siliceous shale and coarse gray sandstone; the conglomerate 
contains pebbles, cobbles, and boulderi; as much as 3 feet in diameter 
that are embedded in a matrix of soft granitic sandstone and soft 
brown . and bluish-gray clay shale., Partly disintegrated granite, 
diorite, schist, gneiss, and gray coarsely crystalline limestone occur 
in: angular and subangular boulders of the largest size, but one of the 
most striking features of this conglomerate is the abundance of well
rounded pebbles and cobbles of white trachyte. 

The Maricopa shale overlying the conglomerate probably attains 
a thickness of about 1,500 feet. Much of ·this shale is similar in 
character to that exposed on Muddy and Pleitito Creeks, but some 
of the beds are soft clay shale, and others are more highly indurated 
and consist of opal shale. Beds of coarse gray arkose sandstone and 
brown-weathering limestone are also common. Foraminifera and 
fish scales are very abundant in much of the fissile white shale, but 
diatoms are either absent or relatively scarce in the hand specimens 
and thin sections examined. Diatoms may, however, constitute a 
large part of much of this shale. D. D. Hughes has examined one 
·of .these thin sections in which Foraminifera are particularly abun
dant and has identified the following genera: B olivina .(abundant), 
Globigerin.a (rather common), Bidimina (rather common) , Oristel-
7,aria (rare), Pidleni,a (rare), and several genera of the family 
Rotaliidae. Silicified wood and bones of marine mammals are also 
fairly common in this part of the Maricopa shale. According to 
Remington . Kellogg, who examined some of these bones, they rep
resent " a worn lumbar vertebra of a cetothere and fragments of 
vertebrae from a smaller cetacean." Poorly preserved specimens of 
a small pecten, believed by B. L. Clark to qe Pecten a;rulersoni, a 
typical middle Miocene form, were found in one of the beds of gray 
sandstone of the Maricopa near the top of the Pleito Hills. 
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Along the axis of the Pleito syncline and near the top of the 
Pleito Hills the Maricopa shale is overlain unconformably by a 
Pleistocene deposit of coarse stream gravel and boulders. 

The northern slope of the Pleito Hills, just south of Wheeler 
Ridge, is an area of complex structure, a condition that is due, no 
doubt, to the fact that these hills occupy the foremost wedge of a 
major thrust fault block. A.s illustrated in structure section E-E' 
(pl. 31), the writer believes that an overturned anticline lies north of 
and parallel to the Pleito syncline and that much of the northern 
slope of the Pleito Hills has been formed by a multitude of large and 
small landslides. Masses of Maricopa shale have certainly slid from 
place in the steep bluffs at the top of this slope and now have a 
distribution that is entirely out of harmony with any conceivable 
underground structure. 

White siliceous Maricopa shale is exposed in place at intervals along 
the northern edge of the Pleito Hills fault block, south and west of 
Wheeler Ridge. In addition, large masses of this material rest along 
the edge of San Joaquin Valley at the northern foot of the Pleito 
Hills south of Wheeler Ridge and are believed to represent land
slides from the prominent slope to the south. 

TE10N RILLS 

There is no white siliceous shale exposed along the southern and 
southeastern border of San Joaquin Valley east of Tecuya Creek, but 
in the Tejon Hills the exposed middle Miocene Turritella ocoy@na 
zone, with its characteristic fauna and brown shale and limestone con
taining diatoms and foram.inifers, may well represent a near-shore 
facies equivalent in ·age to much of the Maricopa shale. 

SANTA MARGARITA FORMATION (UPPER MIOCENE) 

TE10N RILLS 

The age of sediments in the San Emigdio foothills previously 
mapped as Santa Margarita by R. W. Pack *8 is discussed on page 258. 
Deposits of undoubted Santa Margarita age occur in only one area 
along the south and southeast border of San Joaquin Valley. 
This area is at Comanche Point, in the northern part of the Tejon 
Hills, where coarse marine sediments contain a typical Santa Mar
garita fauna and consist in greater part of soft white to light-gray 
and greenish-gray granitic sandstone, clay shale, and conglomerate. 
(See pl. 35, B.) The sandstone is commonly loose and friable and is 
composed largely of ill-sorted angular· grains of quartz, feldspar, and 
granite; the clay shale resembles that of the Etchegoin formation 
(Pliocene), in Wheeler Ridge and west of Pleitito Creek and con
tains locally small round concretions and white nodules and irreg-

0 Op. clt., pl. 2. 
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· tiliir· bMs of white .or ;lighi.:gray· limestone and marl; and the con
glomerate, although it has a fairly uniform composition, varies con
siderably in texture and shape of component rock fragments. White 
and light-colored felsites, quartz, granite, and quartzite are the most 
abundant types of coarse detrital rock; these fragments commonly 
attain an average diameter of .3 to 5 inches and range in shape from 
very angular to well rounded. . . ' . . 

The· thickness of the Santa Margarita formation in the '.i'ejon Hills 
·is far from Uniform; around the flanks of the sharp anticline at 
Comanche Point the formation is unusually thin, and on the south

. w~t flank of this fold · there is not more than 100 feet of these upper 
Miocene se<JimentS; .east of Comanche Creek, along the northern edge 
of the hills, "the maiimuln. thickness appears to be about 1,000 feet. 

In the southea.Stern parl of the Tejon Hills the Santa Margarita 
formation rests directly upon the granite, and in Hill 2660 it contains 
angular boulders of telsite, granite, black schist, and quartzite as 
much as 4 feet in diameter. 

As Stated on page 270 the Santa Margarita formation at Comanche 
Point rests unconforni.ably on the more steeply dipping middle Mio~ 
cene beds herein mapped with the Vaqueros formation and is . be
lieved to overlap, with . probably. slight angular discordance, similar 
beds east of Comanche Creek. These upper. Miocene marine sedi
ments are overlain with apparent conformity by buff continental beds 
of the Chanac formation (Pliocene )-in fact, there appears to be no 
clean-cut stratigraphic boundary between these two formations, for 
the ~ight-gray Santa Margarita beds grade upward intci the overlying 
buff strata through a transition zone 50 to 100 feet thick that is com
posed of beds of alternating gray and buff color. 

Marine invertebrate fossils, shark teeth, and indeterminate frag
mentary bones are abundant in the µpper part of the Santa Marga
rita forma'ticin at _several localities around Comanche Point, west of 
Comanche · Creek. 'Iri: 1916 B: L. Clark 0 reported the following 
fossils from this vicinity: · 

Dosinia arnoldi Clark: 
Metis alta (Conrad). 
Ostrea titan Conrad. 
Ostrea cf. 0. vespertina Conrad. 
Pecten crassicardo Conrad. 
Pecten crassicardo n. var. 
Pecten bastatus Sowerby. 
Pecten raymondi Clark. 
Pbacoides ricbthofeni ( Gabb). 
Pbacoides sanctaecrucis Arnold. 
Pinna alamedensis Yates. · 

Piteria stalderi Clark. 
Saxidomus nuttalli Conrad. 
Siliqua cf. S. lucida (Conrad). 
Venus pertenuis Gabb. 
Bulla sp. 
Calyptraea sp. 
Conus sp. 
l•'usinus n. sp. 
Nassa pabloensis Clark. 
Natica sp. 
Shark teeth. 

"M'errlam, J. C., Mammalian remains from the Chanac formation of the Tejon Hllls, 
Calif. : Calltornla Univ. Dept. Geology Bull., vol. 10, p. 115, 1916. 
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Additional fossils collected during this investigation and identified 
by ·Doctor Clark are a8 follows: 

Pecten estrellanus Conrad. 
Chlone sp. 
.Cardium sp. 

·1 Dosinla sp. . · ' . 
Tortoise. bones and other lndetermi-

. nate fr_agments of bones. , 

" SOUTH OF THE . TElON . 'KILLS 

Along the south border of Tejon Valley there is a small area of 
gray shale which extends southwestward from a point near the Tejon 
ranch house for a distance of about 5 miles and which is probably of 
Santa Margarita age. This shale near the ranch house rests directly 
upon the granite and at points farther southwest upon the lower 
Miocene series of basalt and coarse conglomerate. Above the gray 
shale lies a slight th1cknes5 of unconsolidated buff conglomerate that 
probably belongs, in part at least, to the Chanac formation. The 
stratigraphic relation of this gray shale is thus similar to that of the 
Santa Margarita formation in the Tejon Hills. It is unfossiliferous, 
but, like the Santa Margarita near Comanche Point, it contains 
round concretions of aragonite, nodules of marl~ and thin lenses of . 
·impure limestone. The exposed ·thickness of this shale increases 
southwestward to a point west of Tunis Creek, where it is probably 
about 500 feet. 

WKEELEB. RIDGE 

. Wells drilled on Wheeler Ridge, in and near the oil-producing area, 
have penetrated in the upper part of the brown-shale zone about WO · 
feet of beds that are somewhat more arenaceous than the underlying . 
Maricopa shale. According to P. P. Goudkoff ,45 the Maricopa shale 
that has been examined in core samples taken from the wells con
ta4is a calcareous foraminiferal fauna typical of this part of the 
California Miocene, but the overlying subsurface beds of sandy brown 
shale yield arenaceous Foraminifera that closel.y resemble those 
which occur in the Santa Margarita ( ~) formation as mapped by 
Arnold and Anderson ' 6 in the Pyramid Hills and in Big Tar Can
yon of the Coalinga district. As yet it seems uncertain whether these 
arenaceous Foraminifera were restricted to Santa Margarita time or 
had a longer geologic range and a distribution dependent largely 
upon ecologic conditions. For the present the upper 'iOO to 800 'feet 
of the " brown shale " in the Wheeler Ridge subsurface beds is tenta
tively referred to the Santa Margarita. 

In Wheeler Ridge this ·formation and the upper part of the under
lying Marieopa contain considerable oil shale that is similar to the 
oil shale of the Rocky Mountain region in that it contains no free 

.. Correspondence dated Dec. 22, 1928. 
" Arnold, Ralph, '1Dd Anderson, Robert, Geology and oil resources ot the Coalinga 

district, Calit. : U. S. Geol. Survey Bull. 398, pl. 1, 1910. 
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oil btit yields oil when:: heated: · The' character and occurrence ~f thi~ 
oil shale· are· de8ciibed elsewhere •1 ·in' b:iore· detail. · ·The ~ost signifi
cant ·facts in this connection ar~ ;that ·the"oil-shaie · member, which is 
composed of marine sediments;;yieids good shows of ·bu a.iid ·gas· and 
holds a stratigraphic position ! identical ·with that of most · of the 
horizons marked by producing beds i~ the •Wheeler ~idge .oil 'field~ 

' . ~ ' ~ ~ 

. o I• 
~LIOCENE ROCKS 

. GENERAL FEATURES . ' 

Pliocene rocks crop out over ·a. c<:msid~~able . ·~r~~ ~l~ng th~ sout~~rn 
border of San Joaquin Valley a:µd are confined almost entirely to th~ 
northe~n or outer b~lt ' of th~ ·,foothills b~~w~~;n Santiago and ' S.aH 
Creeks and to the Tejon }Iill~: . Alo.ng the iP,terve~ng strip of the 
valley border, between Sitl.t · C~eek an,d Tejon . Valley, the Recent 
alluviuil overlaps these Pliocene deposits except in a comparatively 
small area southwest of the Tejon ranch house. · · 

. . . . . . ' . . 

A.Ru BETWEEN' SA~GO . AND SAi/I' CR~KS. 

Pliocene deposits are sharply deformed along the foothill belt 
east of Santiago Creek, where · th~y ·ocqupy prominent folds and dip 
northward beneath San Joaquin Valley at widely varying angles, 
although in most of the area the angle of dip probably averages about 
45°. Near San Emigdio Creek these:northernmost Pliocene beds are · 
considerabl~ overturned and dip to the. south. South of the valley 
border they either are faulted against older formations or uncon
formably overlie them. They consist of soft clay and poorly cemented 
sandstone and coarse fanglomerate an~ as a. general rule are divisible 
into two distinct map units-the lower, which consists chiefly of the 
Etchegoin formation but locally includes at the base beds that repre
sent the J acalitos formatio:µ, and ~he tipper, which consists of the 
Tulare for1IJ.ation.- , , 

lAOALITOS AND ETOHEGOIN. FOltlllATIONS (LOWER, KIDDLE, AND VPPER(t) 
PLIOCENE) 

The name Etchegoin beds was first used by F . M. Anderson •s to 
apply to a thick series of soft sandstone, conglomerate, and clay that 
is characteristically developed, near the Etchegoin ranch, about 20 
miles northeast of Coalinga, along the west border of San Joaquin 
Valley. Later ;workers recognized the presence of these beds in the 

"Hoot, H. W., Oil shale In a producing oil fielcJ In California : U. S. Geol. Survey 
Prof. Paper 154, pp. 171-178, 1928. · 

"Anderson, F. M., A stratigraphic study In the Mount Diablo Range of California: 
Ca11fornla Acad. Sci. Proc-., 3d ser., vol. 2, p. 178, 1905. 



276 CONTRIBUTIONS TO .. ECONOMIO GEOLOGY, 1929, · PART II 

Temblor Range south of Coalinga,. but because of :the .difficulty :in 
separating. them from the co~forµiahly overlying: :Tulan~ ·formation; 
these two formations were .. cqnu;nonly . grouped together under . the 
name McKittrick formation,'9 a).tl;u;>qgh .where practicable Pack 50 

later mapped the · Etch~goin ~:Qd ·Tulare separa;~ly .. as component 
pa~ts of .the McKittric~ g,roµp. ,. ~he Etchegoin formation of the area 
described in this report includes a serie~ of marly clay, sandstone, 
and conglomerate, which weather gray and· greenish gray and locally 
contain marine fossils. It :i;-e:;its unco11formably upon the Maricopa 
shale and older formations and grades upward into bµ:ff continental 
strata of the Tulare formation~ :rn:. Wheeler Ridge the characteristic 
gray and greenish-gray beds o;f the Etchegoin grade westward al<;>ng 
the strike into buff d.eposi~ that .resemble .the overlying Tulare for
matiop.; for thi~ reason the Etchegoin-Tulare boundary in Wheeler 
Ridge; west of d~lo11 Canyon, is not based upon any ;distinct Iitho~ 
logic change but is drawn to conform to observed structure. Locally 
mapped with the Etchegoin are older Pliocene fossiliferous sediments 
that represent the J acalitos formation of the Coalinga district.51 
The Etchegoin formation crops out in three isolated areas-in, the 
vicinity of Muddy and Los Lobos Creeks, in the vicinity of Pleitito 
Creek, and in the central part of Wheeler Ridge. . 

MUDDY AND LOS LOBOS CREEKS 

Distribution and character.:__The outcrop of the Etchegoin forma
tion crosses lower Muddy and Los Lobos Creeks near the northern 
edge of the foothills. As shown by the geologic map (pl. 31), the 
formation is exposed along a sharp anticlinal fold, which is faulted 
along its crest and which plunges eastward toward San Emigdio 
Canyon. · 

The exposed thickness of the formation appears to range from 600 
feet to about 1,000 feet and to increase from west to east. "On Little 
Muddy Creek the formation is well exposed and is about 700 feet 
thick. At the base of the formation in this locality is a fossil ledge 
from 1 to 2 feet thick in which Mulinda densata Conrad is very 
abundant. Above the fossil bed lies about 75 feet of dark-gray 
shale, the lower part of which is bentonitic, and the upper 600 feet 

•Arnold, Ralph, nnd Johnson, H. R., Prellmlnary report on the McKittrick-Sunset oil 
region, Calif.: U. S. Geol. Survey Bull, 406, pp. 74-90, 1910 . 

.. Pack, R. W., The Sunset-Midway oil field, Calif. ; U. S. Survey Prof. Paper 116, 
pl. 2, 1920. 

01Arnold, Ralph, and Anderson, "Robert , Geology and oil' resources ot the Coalinga dis
trict, Calif.: U. S. Geol. Survey Bull. 398, pp. 96-113, 1910. See also Nomland, J. o:, 
The Etchegoln Pliocene of middle California: California Univ. Dept. Geology Bull., vol. 10, 
pp. 192-216, 1917. After making more extensive fossil collections from the Jacalltos and 
Etchegoln formations of the Coalinga district Nomland concluded that the two faunas are 
very much alike and that the name ;rncaUtQs shouJd be discarded, 
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.·of :the :formation is.,cha:racterized by ·beds of shale that weather 
· g:reenish: gray and· thin beds of hard gray· nodular limestone, gray 
. and brown-·granitic: sandstone, and conglomerate. · The Sa.ndstone is 
poorly· cemented, except ·fot local. thin ·beds, and it ·is composed ·of 
angular grains of quartz ·and ·feldspar that ate· poorly sorted as to 
size; the · conglomerate~ : as compared to the overlying Tulare .. 'and 
Pleistocene deposits; is · not coarse, although subangular rock frag
·ments are commonly .3 or 4 inches in diain:eter; these fragments con
sist of ·granite; black chert, quartzite, gneiss, and diorite, hut the most 

1 abundant are fragments of white siliceous shale from the :underlying 
Maricopa; It- is· neteworthy that these· fragments of Maricopa shale 
·appear to be confined to the upper 600 feet or more of the Etchegoin 
and were not found "in the lbwer 75 feet of gray shale. 

According to Goudkoff,62 the lower shale member of the Etchegoin 
formation near Muddy·Creek contains definite Pliocene Foraminifera 
in .contrast to the upper part· -of the formation, which, according to 
him, ·is characterized by Foraminifera of Miocene aspect that are 
commonly incased in fragments of white Maricopa shale. After 
making further studies of the microscopic characteristics of the 
Etchegoin in and near the Stinset-Midway oil field, Goudkoff tenta
tively concluded that an unconformity separates his lower Etchegoin, 
which is represented by the lower shale member .on Little Muddy 
Creek, from the upper part of the Etchegoin. No angular discord
ance or surface oi erosion was noted in this vicinity, however, and 
it is considered doubtful whether an un'conforinity actually exists 
within exposed . Etchegoin strata of the· .San Emigdio foothills, · al
though one may exist in other areas of Sari. Joaquin Valley. 

I£ the deformation responsible for the unconformity shown in 
Plate 35, A, occurred at the end of .Maricopa time it is difficult to 
account for complete absence-·of Maricopa shale fragments in the 
·lower· part ·Of the Etchegoin -where these beds rest linconformably 
upon the Maricopa, unle5s,the ¥aricopa was completely concealed be
neath the Etchegoin sea. A gentle uplift in tiarly Etchegoin time 
might have ·caused the southern edge of the sea to recede and thus 
result in the exposure of Maricopa shale to subaerial erosion. An
other· alternative is that the deformation represented by the uncon
formity in Plate 35, A, did not occur until after Santa Margarita 
time; in that case the Maricopa may not have been uncovered by 
erosion until the lower Etchegoin beds had been deposited. 

Although the abrupt appearance of Maricopa shale fragments and 
the apparently coincident disappearance of marine Pliocene micro
fossils are significant features, the former may be explained for the 

.. Goudkotr, P. P., oral communication ; a lso, Correlative value ot the mlcrollthology and 
mlcropaleontology ot the oil-bearing f ormations In t be Sunset-Midway and Kern River 
oil fields: Am . .Assoc. Petroleum Geologists Bull., vol, 10, pp, 485-490, 1926. 
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area in question in some such manner .as that suggested above, and the 
latter ;may: oo ·t~ to indica.te the beginning of. fresh-water condi
tions, which may have continued throughout the remainder of 

·, Etchegoin .time and gradually. given place to the conditions that 
, produced the alluvial plains of Tulare time. . · 
; . , . South of the San. Emigdio .syncline, near .L9s Lobos . Creek and 
_just west of San Emigdio Canyon, stratii.. herein mapped as belong
. ing to the . Etchegoin and . J a.Qalitos formations consist in greater 
: part of coarse, poorly sorted, light-gray sand.stone.and conglomerate 
.. which contain in the lower· part abundant poorly preserved iossil 
.forins that B. L. Clark has . identified as Astrodapsis amoldi var . 
. eras sis Kew and a . shell that appears to · be Pecten termtilnus Arnold. 
On the ridge just west of Los Lobos Creek the sandstone and con
glomerate are underlain by a small amount of white siliceous shale 

. that contains numerous casts of Areas. .AU .these lower fossiliferous 
beds· were mapped as Santa ·Margarita by Pack, but, according to 
Clark, they should, on the basis of the contained fossils, be considered 
as equivalent to the Jacalitos formation .of.the Coalinga region. 

Stratigraphic relations.-As already discussed on page 277 and illus
trated in Plate 35, A, the Etchegoin on lower Muddy Creek rests un
conformably upon the Maricopa shale .with unquestionable angular 
discordance of 15° to 30°. : This unconformity, it js believed, marks 
the first notable epoch of folding in' the San Emigdio foothillg during 

. the Tertiary period. . South -of the. San Emigdio syncline the coarse 
sandstone.and conglomerate and siliceous.shale herein included within 
the Etchegoin formation,Qip -north at an average angle of about 60° 
and overlap nearly vertical or even overturned beds that belong to 

. either the Vaqueros (lower Miocene) or the San Lorenzo (Oligocene). 
. The Etchegoin near Lit.tle Muddy Creek is overlain by a few hun
dred feet of buff pporly sorted fanglomeratic sediments of probable 
Pleistocene age that have at their-base about 30 feet of buff clay. At 
the contact of this buff c;lay with the underlying gray clay and 
sandstone of the Etchegoin there is a strong suggestion of an angular 

·unconformity; the buff clay dips 30° to 35° N., whereas the upper-
: most Etchegoin strata are tilted at angles of 50° to 52°-a difference 
of about 15°. At a place 2 miles farther east coarse Pleistocene fan
glomerate rests upon overturned Tulare (upper Pliocene) sediments 
with an angular discordance of more than 90°. (See pl. 36, B.) 

Fossils.-The following fossils were col,lected from the basal bed 
of the Etchegoin formation at the tar seep in Little Muddy Creek: 
Cryptomya cf. C. callfornica Conrad. 
Mulinla densata Conrad. 
Papbia staminea Conrad. 
Polynices sp. 

Scbizothaerus nuttalli Conrad. 

Tellina sp. 
Astyrie sp. 
Nassa (Alectrlon), n. sp., usually r~ 

ferred to N. californica Conrad. 
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.. According to B. L. Clark;' who' identified these fossils, this 'fau'na. 
is to ·be correlated with the lower Etchegoin of the Coalinga district. 
As 'this fossiliferous bed at the base of the Etchegoin rests directly 
and unconformably upon Maricopa· shale, the J acali.tos is absent at 
this 'ocality. · · 

Fossils collected from beds near Los Lobos Creek are 'discussed 
above. 

. . In the vicinity of lower Pleitito Greek, north of the · ~a.ults that 
cross this creek in sec. 4, T. 10 N., R. ·21 W., the. Et~hegoin 
formation is sharply folded along the ea.st end-of the San Emigdio 
anticline. Owing to the , complicated structure and the poor ex
posures that result from the uniformly so~ character of the 
Etchegoin from this area westward toward San Emigdio Canyon, 
no accurate detailed description of the lithologic character can .be 
given, but much the greater part of the formation consists of green 
marly clay shale and sandy shale intercii.lated ·with a subordinate 
amount of soft gray arkosic sandstone and conglomerate. Although 
an exposed thickness of only about 2,'100 feet can be measured in this 
vicinity, the records of wells recently drilled by the Union Oil Co. 
have made it possible to state that the total thickness is about 5,'100 
feet unless unexposed faulting has prodµced a duplication of part of 
the section, a possibility that seems improbable. The lithology is 
much like that of the Etchegoin near Muddy Creek, except that a 
larger proportion of the formation consists of clay shale and fine 
sand. Some thin beds of brown ma.rly clay shale are intercalated 
with the green and gray beds, and some of the shale contains 
lenticular beds of white nodular. limestone less than a foot thick. 
Much of the exposed Etchegoiq contains apundant angular but wate~~ 
WOl'.n c;t:rips of wh,ite siliceous Maricopa shale, and as a result the 
weatherec} grassy surf~ of this formation is locally difficult to dis
tinguish from that of the Maricopa. There appears to be no indica
tion that beds of J acalitos age are present in this area. 

The weathered outcrop of a bed of greenish-gray bentonitic clay 
shale appears in the lower part of the. Etchegoin on Pleitito Creek, 
just north of the faulted Maricopa shale. Thia bed, which probably 
consists of material too impure for commercial use, is 15 to 20 feet 
thick and may be t~ same as that exposed just above the base of 
the Etchegoin on Little Muddy ·Creek. 

South of the northernmost fault in Pleitito Canyon a coarse con
glomerate about 8 feet thick lies at the base o~ the Etchegoin a.nd 
contains rounded and subangular cobbles of granite, gneiss, black 
schist, and quartzite, the largest of which are 8 inches in diame~r. 
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The total thickness of the overlying .Etchegoin beds is unusual in 
that it is only about 300 feet, a. condition that ma.y .be due to origins.I 
thin.D.ess of beds deposited over a. hill of M.aricopa shale; or to d~ide<i 
squeezing and thinning of these soft i:qcompetent Etchegoin str,atl,l. 
during deformation. Also, in view of the striking contrast in this 
thickness and the 5,700 ·feet of this formation, directly ,north of the 
fault (see structure section D-D', pl. 31), it seems necessary to 
assume that this area was near the so.uthern border of the Etchegoin 
sea and that much' of the upper part of the 5,700 feet of Etchegoin 
is represented south of the faUlt by buff continenta,l conglomerate, 
which has been mapped as a part of the Tulare formation. , ' 

The major and northernmost ma.ss of the Etchegoin formation 'in 
the Pleitito Creek area is in fault contact With Maricopa shale. 
South of the fault, however, the basal conglomerate of the Etche
goin rests with slight angular discordance upon the Maricopa and 
dips to the south. · 

The Etchegoin is overlain conformably by the Tulare formation. 
In this area there is a gradual change from the typical green and 
gray clay shale and gravelly sand of the Etchegoin to the coarser 
buff angular fanglomeratic material of the overlying ·Tulare. The 
transition zone is froni 100 to 200 feet thick and is composed of 
alternating greenish-gray and buff beds. The boundary between 
these two formations is therefore not distinct, and the stratigraphic 
relation is remarkably similar to that of the transition zone between 
the Santa Margarita and the overlying Chanac formation ill the 
Tejon Hills. 

Sedimentation during the later part of the Tertiary period under
went a radical change in the San Emigdio and Tejon Hills district, 
a ,change which in both areas was from marine to alluvial-plain con
ditions but which occurred at somewhat different times in the two 
areas. Exposures of these late Tertiary formations in the San 
Emigdio foothills and in the Tejon Hills are near the old shore 
line of the last sea that covered this region, and it is to be expected 
that the boundary between marine and continental deposits in this 
gradually filling basin would transgress the stratigraphic · column 
and be of different ages in different parts of the region. Not only 
are there marked regional variations in the age of · the last marine 
deposits of the south end of San Joaquin Valley but, as will be 
pointed out in the following discussion of the Etchegoin of Wheeler 
Ridge, there appear to be notable local differences that probably 
resulted from minor shiftings Qf the last marine waters in respo:ri,~ 
~9 l9Gal defwma,,tiQll, -
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WRmL1!:B Jl.IDGll 

General, ck,1.~ter.-The Pliocene deposits in Wheeler Ridge are 
similar to those farther west in the vicinity ·of the San Emigdfo 
ranch in that they consist of two formations which, in much of this 
area, are distinguishable by their contrast in color and difference in 
texture. In the major part of Wheeler Ridge, east of Coaloil Can
yon, the Etchegoin has the distinct gray and greenish-gray color that 
characterizes this formation elsewhere, whereas the overlying Tulare 
is typically buff . 

.Although distinctly finer in texture than the Tulare formation, 
the Etchegoin of Wheeler Ridge i.s notably coarser than the Etche
goin farther west, in the vicinity of Pleitito and Muddy Creeks. 
This coarseness is particularly striking in the upper part of the 
formation in the central part of the ridge and in the lower half of 
the exposed portion in Coaloil Canyon, where light-gray coarse 
pebbly soft sandstone and conglomerate with subangular rock frag
ments 10 inches or less in diameter are common. Green and gray 
clay and sandy clay are, however, abundant constituents of the for
mation in Wheeler Ridge and locally contain small nodules, thin 
discontinuous bands, and prominent beds of impure light-buff to 
cream-colored limestone. .As indicated in the .following section of 
exposed Etchegoin strata in Coaloil Canyon, finer sediments of green 
marly clay and soft sandstone constitute most of the upper half of the 
formation, whereas coarse sandstone and conglomerate are charac
teristic features of the lower portion. 

Section of exposed Etchegoin strata on n()rth, {tank of Wheeler Ridge, m ea.gt 
waZZ of CoaZou .Cawyon 

Tulare formation (buff sediments; for description seep. 290). 
Etchegoin formation : 

Coarse sand and gravel with some clay, light gray and 
greenish gray. Olay occurs in lenticular layers about 
12 inches thick. Pebbles and rock fragments as much 
as 8 inches in diameter are present, but those from 1 
to 3 inches are most common. Subangular fragments 

Feet 

of white siliceous shale are locally abundant_________ 165 
Sand, sandstone, and clay. Arenaceous beds are gray 

and buff and range in texture from fine to conglom
eratlc ; some beds are partly indurated by carbonate 
cement. Clay is gray and greenish gray and contains 
sandy layers with abundant angular fragments of 
white siliceous shale. This number is probably 50 per 
~nt clay and fine sand-~-----~ e··-~-----·--~-ft- --:--- 240 
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Clay and clayey sand, mostly light gray and green iut 
in part light brown and buff. Many white and buff 
nodules of marl 1 inch or less in diameter and others 
of fine gray sand cemented by carbonate are present. 
Considerable selenite and some coarse granitic sand 
and angular pebbles of quartz, feldspar, granite, and 
dark-gray schist occur over weathered surface ______ _ 

Sand and sandy clay, ranging from Ught and dark gray 
to greenish gray and alternating in lenticular beds 
from 2 to 8 feet thick. Some beds contain much yellow 
iron stain _________________ _; ___________ ~--------:--

Green sandy clay, containing abundant angular frag
ments of white feldspar pne-eighth inch or less in 
diameter, together with a small amount of intercalated 
coarse brown sand---------------------------------

Sand and gravel, containing thin lenses and beds of 
green clay and fine clayey sand. Sand and gravel are 
coarse and granitic, with some layers hardened by car
bonate cement. Tbis member is overlain by the south 
end of a Pleistocene terrace deposit_ _______________ _ 

Green sandy clay, with abundant subangular ~ of 
white feldspar ____________________________________ _ 

Sand and gravel. Sand is coarse, arkosic, and light 
brown and gray ; contains lenses a few inches thick of 
green sandy. clay. Pebbles average 2 inches in diame
ter and occur sparsely distributed and in lenses and 
pockets from a few inches to several feet thick. 
Streaks of. yellowish-brown iron stain occur through
out. Basal and upper parts have oily odor, but only 
upper part is stained- - ------------------- ----- ----

. Sand, green and greenish brown, ranging from coarse to 
fine.and clayey ____________________________________ _ 

Sand, coar se and conglomeratic, intercalated with thin 
lenticular beds of fine green clayey sand. Sand is 
arkosic and is stained light chocolate-brown by impr.eg-nated oil _________________________________________ _ 

Gravel, sand, and clay. Pebbles and rock fragments 
vary greatly in size and are as much as 10 inches in 
diameter; they occur both in thick massive beds and 
irregularly distributed throughout the greenish-gray 
clayey sand. Much of upper 15 feet is stained brown 
by oil from BeeP----- ---------- -------- ---- ---------

Sand, gravel, and clay in alternating beds. Sand is 
brownish gray, with some beds slightly indurated ; clay 
is green and reddish brown ________________________ _ 

Sand, soft; weathers light gray; uncemented except for 
irregular lenses, nodules, and concretions of fine gray 
and brown sandstone 1 foot or less in diameter. Tex
ture ranges from fine to coarse and coarsely conglom
eratic. Pebbles are of pink granite, granodiorite, and 
crystalline limestone------------ ------- ---- ---------

Feet 

370 

100 

10 

130 

8 

150 

10 

28 

110 

65 

92 
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Sand. Coarse light-brown and gray granitic beds alter
nate with finer, more argillaceous ·bluish-gray and 
brown beds. What appears to be an erosional surface 

. with uneven contact and boulders a;i much as 8 inches 
in diameter occurs near middle...,---------------------

Sand, very coarse and conglomeratic, light gray and· 
greenish gray ; soft, massive and uncemented except 
for small irregular nOdules and lenses ; containS angu
lar pebbles 1 inch or less in diameter, many of which 
are white feldspar and black basalL-----------------

Axis of Wheeler Ridge anticline. 

Feet 

52 

1, IS60 

In addition to the small marl nodules and thin calcareo.us bi!-nds 
in ·the green clay of the Etchegoin, a 4-foot bed of impure limestone 
occlirsin the upper part of the formation just east of Coii.loil Canyon. 
Owing to poor exposures-this bed could not be traced laterally, but 
at about this stratigraphic horizon, 1 mile west-southwest, the green
ish-gray clay of the Etchegoin is very calcareous and contains two 
closely associated beds · of nodular limestone, each of which is ap
proxin:iately 1 foot thick. Careful examination of these beds an:d of 
thin sections prepared from the nodules failed to reveal the presence 
of any organisms. The fine-grained calcite that composes this im
pure limestone contains abundant angular fragments of quartz, fresh 
feldspar, chlorite, and hornblende from 0.01 to 1 Ioillimeter in .size, 
in addition to a few small fragments of basaltic and trachytic glass. 

The beds of sand, gravelly sand, and coarse conglomerate are soft 
and, except for local fairly hard concretions and thin lenticular beds 
of gray sandstone and conglomerate, lack cementing material. All 
the sands and sandstones are either grari.itic or arkosic, with abun
dant angular grains of undecomposed granite or feldspar, and many 
of the beds contain considerable fresh biotite. The most common 
of the larger rock fragments consist of coarse-textured gray and pink 
granite, granodiorite, basalt, dark mica schist, gneiss, and white 
and dark-gray coarsely crystalline limestone. .Angular fragments of 
white siliceous shale occur in thin lenses irregularly distributed. 
throughout the upper 400 to 500 feet of the formation. 

On microscopic examination indiV:idual grains of the finer sedi
ments were found to be practically free from rounding; all of them 
are very angular. Quartz and feldspar are present in proportions 
that range from 5 : 1 to 1: 1, and heavy minerals commonly make up 
about 2 per cent of the finer sandstones. Extremely turbid grains, 
mostly feldspar, are commonly not abundant, although they form as 
much as 25 per cent of some samples. As has been pointed out in 
an earlier paper,58 the kind and percentage of heavy nonopaque 

18 Hoots, H. W., Heavy mineral data at the southern end of San Joaquin Valley: Am. 
Assoc. Petroleum Geologists Bull., vol 11, pp. 36~72, 1927. 
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minerals present in the sandstones o~ the Etchegoin differ consider-. 
ably from bed to bed, but in .the whole formation these minerals 
occur in the. following approximate order of abundance: 'Biotite, 
garnet, titanite, andalusite, zircon, hornblende, epidote, .tourmaline, 
and rutile. Only those minerals are present that might be expected 
in sediments de~ived from the erosion of a granitic and metamorphic 
mass of rocks ·such as that of the. present San Emigdio Mountains. 

Lateral variation im, color and te31ture.-The upper 700 to 800 feet 
of the Etchegoin formation becomes somewhat coarser east .of Coaloil 
Canyon, along the north flank of Wheeler Ridge, where· this part 
of the formation contains a larger proportion of light-gray . pebbly 

·sand. Green clay and sandy clay are still abundant c~nstituents, 
however, and this part of the Etchegoin, which is the only part 
continuously exposed, undergoes relatively 'little change in lithologic 
character eastward in the northern part of the ridge. But similarity 
in lithologic character does not appear to be so persistent when the 
upper part of these same beds is traced southward, through the . 
oil-producing area, to the south flank of the anticline. The upper 
200 to 300 feet of the Etchegoin east of Coaloil Canyon and. south 
of the axis contains a larger percentage of coarse, sandy gravel than 
its stratigraphic equivalent .farther north, and this general south
ward increase in coarseness is accompanied by a marked change in 
color. When viewed from the west, the color of these beds east Of 
Coaloil Canyon grades from greenish gray north of the axis to buff 
and· brown on the south flank. This lateral change in color also ex
tends westward across Coaloil Canyon; for in the western part of 
Wheeler Ridge the upper 300 feet or more of the Etchegoin consists 
almost entirely of buff sediments with a large proportion of . fine 
marly clay. The overlying coarse Tulare sediments are also pre
dominantly buff, a condition that caused considerable difficulty in 
mapping the contact of these two formations. 

Fossils, pobable origin, anuJ, stratigmphic relations.-During an 
early survey of the Wheeler Ridge area, Ralph Arnold and Wayne 
Loel obtained several species of marine fossils from beds near the · 
base of the exposed stratigraphic section in Coaloil Canyon. No 
complete record of the collection is available, but Mr. Loel has kindly 
furnished. the following list of fossils from memory: 
Pecten crassicardo? Conrad. Dosinia jacalitosana Arnold. 
Panopea generosa Gould. Schizodesma abscissa Gabb. 
Several clams, identification uncer-

tain. 

At the t ime of collection Arnold tentatively correlated these lower 
fossiliferous beds of Wheeler Ridge with the J acalitos or the Santa 
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Ma'rgarita forma:ffon~&• · ·· 'o'evideiicer of an unconformity was found 
in the exposed section. of rocks in Wheeler Ridge, and it is fairly 
certain . that these oldest exposed rocks of probable J acalitos or of 
S$:iita.· :Margarita age are conformable a.nd grade into the overlying 
Etchegom. ·. · · · . · · 

"It seems probable from the presen_ce of marine fossils in a part 
of the Etchegoin and the fairly uniform color of all the sedimeil.f,i:i 
in · the Coa.loil Canyon section, that most if not all of the formation 
in this locality is of marine origin. . The small amount of sorti.Iig 
ii.nd stratification in these deposits and the angularity of inin~ral 
and rock fragments are features that are ch'aracteristic of many of 
the marine fossil-bearing Miocene and Pliocene beds of this region. 
There iS little doubt · that these sediments accumulated along the 
southern border of a $ea that stood north of ·a prominent land mass 
in the region of the San Emigdio and Tehachapi Mountains during 
most of the Tertiary period. The abundance of marl nodules and 
the_ presence of limestone beds in the upper part of the formation in
dicate the existence, during late Etchegoin time, of bodies of qwet 
water that had poor connections with the open sea and were under
going active evaporation. Such bodies of quiet water may have been 
brackish-water lagoons near the shore · or large fresh-water lakes, 
such as old Tulare Lake, on the alluvial .plain some distance from 
the sea. The presence of such lakes and alluvial plains adjoining 
the coast may have provided the conditions that produced the marked 
lateral change in color of the upper Etchegoin sediments. 

The green and gray Etchegoin strata grade upward into coarse 
buff poorly sorted sediments of the Tulare formation that were de
posited to form alluvial fans and alluvial plains during late Pliocene 
time. The contact of the two formations along the north flank of 
Wheeler Ridge; east of Coaloil Canyon, is marked by an abrupt 
change in· color and by a definite 'but somewhat more gradual up
ward increase in coarseness of sediments. South of the axis of the 
Wheeler. Ridge anticline, near the producing area, the transition zone 
is several hundred feet thick, and the contact between the formations 
is more difficult to draw because of the increased coarseness and bufi 
color of the uppermost Etchegoin strata. West of Coaloil Canyon a 
similar relation exists; and coarse granitic sand and gravel occur ir
regularly throughout the upper 100 feet of strata that have been ar
bitrarily included within the Etchegoin. 

"'Arnold, Ralph, oral communication and correspondence dated Apr. 28, 1921 

62338°-30---4 
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TULARE Fo:e.:ru.poN (~E'ER PLIOOENE) 

• 
GENEiiAL CHAB.AOTEB AND DISTRIBUTION . 

A series of lenticular beds that consists of poorly cemented and 
ill-sorted sand, sandy clay, gravel, and boulder~ crops out on the 
flanks of Wheeler Ridge and in the northern part of the foothills 
farther west. These beds gr-ii.de downward into somewhat finer 
sediments of the Etchegoin formation . and · are overlain by similar 
deposits which, during Pleistocene ·and Recent times, have accumu
lated to form alluvial fans along the edge of the foothills. The 
buff color, coarse texture, and lack of sorting _of these deposits, to
gether with the angularity of the included rock fragments, are fea
tures that are common to the overlying alluvial-fan deposits as well 
and support the conclusion that all these sediments were deposited 
by short torrential streams, such as now drain mountainous areas 
and dump their load along the border of San Joaquin Valley. 1r~ 
regular boulders of granitic and i:µetamorphic rock as much as 6 feet 
across occur throughout the lower part of this formation, but in 
Wheeler Ridge the upper half is composed of finer and better-sorted 
sand, clay, and fine gravel, much of which occurs in clean-cut strata. 

This ~eri~s of coarse sediments, abov~ the Etchegoin formation and 
below the alluvial-fan deposits .of Pleistocene age, is considered 
equivalent, in part at least; to the Tulare formation, which is exposed 
in the flanks of the Kettleman Hills and in the intervening areas 
of the Lost Hills, Elk Hills, and Buena Vista Hills. The Tulare 
is unfossiliferous throughout its. exposures along the southern border 
of San Joaquin Valley. 

HISTORY OF NOMENCLATU11E 

F. M. Anderson 55 applied the name Tulare formation to fresh
water deposits fully 1,000 feet thick that conformably overlie the 
marine Etchegoin formation in the Kettleman Hills. In a later 
paper 56 he expressed the opinion that these fresh-water deposits 
were probably equivalent to similar deposits in the Salinas Valley 
that had already been described under the name Paso Robles forma
tion by Fairbanks 57 and by Hamlin.5s An earlier description of 

.. Anderson, F . 111., A stratigraphic s tudy In the Mount Dlablo Range of Call!ornla : 
California Acad. Sci. Proc., 3d ser ., vol. 2, p. 181, 1905 . 

.. Anderson, F . M., A further stratigraphic study In the Mount Dlablo Range of Call· 
fornla : Calffornla Acad. Sci. Proc., 4th ser., vol. 3, p. 32, 1908. 

01 Fairbanks, H . W., Geology of a portion of the southern Const Ranges: Jour. Geology, 
vol. 6, pp. 465-4U6, 1898; see also U. S. Geo!. Survey Geo!. Atlas, San Luis folio (No. 
101), 1904 . 

.. Hamlin, Homer, Water resourcea of the Salinas Valley, Calif. ; U. S. Geo!. Survey 
Water-Supply Paper 89, pp. 15--16, 1904. 
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these beds in the Kettleman Hills and farther south in the McKit
trick district was made· by Watts,n and in the same paper J. G. 
Cooper described fossils collected by Watts from these deposits. 
Both Anderson and Watts considered similar fresh-water deposits 
farther south in the vicinity of McKittrick to be equivalent to the 
Tulare of the Kettleman Hills. . 

The first detailed description of this formation was that by Arno~d 
and Anderson,80 who called it the Paso Robles formation (Pliocene-
lower Pleistocene), because of its supposed equivalence to that forma
tion of the Salinas Valley, which was considered of Pliocene age by 
Fairbanks and by Hamlin. In their final report on the Coalinga 
district Arnold and Anderson 61 restored the name Tulare formation 
(upper Pliocene-lower Pleistocene) for these sediments, the thick
ness of which is over 3,000 feet. This restoration was based largely 
on the fa.ct that marine fossils collected by Robert Anderson from 
the lower portion of the Paso Robles· formation of the Salinas Valley 
proved this lower part to be older than the Tulare- and equivalent to 
the Jacalitos and Etchegoin of the Coalinga district east of the Coast 
Ranges. Arnold and Anderson considered it uncertain tlia.t even 
the unfossiliferous upper few hundred feet of the Paso Robles forma
tion. farther west is equivalent to any part ~f the Tulare near 
Coalinga. 

In 1910 Arnold and Johnson 62 grouped beds considered to be in 
large part equivalent to. the Tulare, Etchegoin, a:p.d J a.calitos forma
tion (upper Miocene). A few years later Gester 68 subdivided this 
group in the McKittrick district and named and desctibed its com
ponents as the Etchegoin (lower Pliocene) and Tulare (Pliocene) 
:formations. 

English 6 ' said that the Paso Robles formation in the Salinas Val
ley-Parkfield area occupies the same stratigraphic position and cor
responds to the fresh-water deposits mapped and described as Tulare 
formation in the report on the adjoining Coalinga district. As the 
name Paso Robles had precedence he abandoned the name Tulare 
formation and referred to these sediments as the Paso · Robles 

.. Watts, W. L., The gas and petroleum-yielding formations of the central valley of 
California: California State Min. Bur. Bull. 8, pp. 65-67, 1894. 

""Arnold, Ralph, and Anderson, Robert, Prellmlnn1·y report on the Conllnga oil dis
trict, Fresno and Kings Counties, CaUf.: U. S. Geol. Survey Bull. 357, pp. 5~1, 1908, 

•
1 U. S. Geol. Survey Bull. 398, pp. 140-143, 1910. 

"'Arnold, Ralph, and Johnson, H. R., 'Preliminary report on the McKittrick-Sunset oil 
region, Kern and San Luis Obispo Counties, Calif.: U. S. Geol. Survey Bull. 406, pp. 74-90, 
"~ . 

ea Geeter, G. C., Geology of n portion of the McKlttrlck district: California Acad. Sci. 
Proc., 4th ser., vol. 7, pp. 207-227, 1917. 

°'English, W. A., Geology and oil prospects of the Salinas Valley-Parklleld area, Calif. ; 
U. S. Geol. Survey Bull. 691, p. 231, 1919. 
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("Tulare ") formation (Pliocene) . Pack,85 following Arnold and 
Johnson, grouped equivalents of the J acalitos, Etchegoin, and Tulare 
formations under the name McKittrick group (upper Miocene, Plio
eene, and Pleistocene¥) ip. his report on the Sunset-Midway and ad
joining Sa.n Emigdio region but where practicable mapped the com
ponents of this .group · separately and followed English's usage in 
referring to the beds. The youngest tilted sediments of Wheeler 
Ridge and the foothills farther west were therefore described and 
mapped by Pack as the Paso Robles ("Tulare") formation. Al
though he says that beds expos~d in the central part of Wheeler Ridge 
probably belong to the Etchegoin formation, he mapped them, for 
convenience, as a part of the Paso Robles '("Tulare "). 

It is evident, from the fossils collected by Robert Anderson, that 
the Tulare formation of the Coalinga and McKittrick region can not 
be correlated with all those beds of the Salinas Valley originally 
described as Paso Robles. Proper usage demands that the name 
Tulare be retain-ed, as originally proposed, for the beds, mainly of 
fresh-water origin, that overlie marine Etchegoin strata in the 
Coalinga region. 

In this report the geographic distribution of the Tulare formation 
is extended considerably, so that the formation is made to include 
coarse continental deposits in the San Emigdio foothills, 150 miles 
from the type locality, which overlie fossiliferous marine Etchegoin 
strata and which, except for minor overlying · deposits of probable 
Pleistocene age, are the youngest tilted sediments along the southern 
border of San Joaquin Valley. The base of the Tulare formation
that is, the base of the upper Pliocene continental beds-along the 
southern and western borders of San Joaquin Valley probably trans
gresses the geologic column and varies considerably in age from place 
to place. This part of the Great Valley, through uplift of the Coast 
Ranges to the west and the San Emigdio Mountains to the south, 
began to assume its present outline within or directly after Etchegoin 
time. As a result, the Tulare formation of the Coalinga region and 
synchronous fresh-water deposits farther south accumulated in lakes 
and in alluvial fans as the result of the work of short streams which, 
like those of to-day, drained from the bordering mountains and 
spread their sediments over the valley floor. In the San Em.igdio 
foothills these deposits, as indicated by their coarse bou].ders and 
other lithologic characteristics, are thought to have accumulated as 
alluvial fans near the base of the San Emigdio Mountains. 

In the present report the name Tulare is applied in a more re
stricted sense tha.n wa~ originally intended by F. M. Anderson. 

"Pack, R. W., The Suneet·Mldway oil 1eslon ; 'tJ, S, Geo!, Survey Prof, Paper 116, 
pp. 4Hl, 1920, 
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.Although most of the .uppermost tilted series ·of continental deposits 
are inCluded in the Tulare· formation, the youngest of these beds, on 
the b~h; of marked angular .discordance in dip with the underlying 
major ·part of this series, are considered a .unit distinct from the 
Tulare and equivalent in age to terrace and related·Pleistocene stream 
deposits of the San Emigdio foothills. · 

J'.oCAL Fl!lATUBES AND THIOKNEBB 

The lower one-half or two-thirds of the Tulare formation in 
Wheeler Ridge and along ·the foothills farther west is composed of 
a varied assortment of coarse subangular pebbles and boulders in a 
soft matrix o~ buff ~nd gray calcareous sand and clayey sand. Indi
vidual beds are very poorly sorted, the included rock fragmentc; 
ranging from fine sand to boulders 6 feet in diameter. The beds of 
this portion of 'the formation are extremely lenticular, one of them 
having b.eeri. observed to decrease in thickness from 40 to 10 feet 
in a horizontal east-west distance of 100 feet, and many other beds 
show comparable lenticularity. This lower series of coarse gravel 
and boulder ·beds is · best exposed on the north flank of Wheeler 
Ridge (see pl. 36, A) ·and, together with ·overlying strata, is de
scribed in a section measured near Coaloil Canyon that is given 
below. 

In Wheeler Ridge a finer texture is common to the upper one
third to one-half of the Tulare formation, and, although coarse 
gravel is locally present in thin lenses, boulders are rare, and much 
of the greater part of this division consists of fine-grained buff 
arkosic sand, gravelly sand, and clay. Bedding is fairly distinct, 
and individual strata have an average thickness of 2 or 3 inches 
and are continuous without change throughout exposures 10 or 
15 feet across, though more intricate banding, produced by thin · 
clay partings one-eighth of an inch thick, intercalated with fine 

· sand, may be traced through somewhat smaller exposures. This 
upper division is best exposed in the NVf. 14 sec. 34, along the main 
road up the south side of Wheeler Ridge, and similarly near the 
west side of sec. 22, along the road leading up the north flank to 
the old camp of the Midlands Oilfields Co. (Ltd.). The section 
given below records a thickness of about 450 feet for this division 
and a small amount of overlying Pleistocene on the north flank of 
Wheeler Ridge, half a mile east of the mouth of Coaloil Canyon. 
At this locality the contact between the Tula.re and the overlying 
tilted Pleistocene i$ not distinct. . · 
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Bectif>n of the Tulare formot«m and O'IJf!rT,yilng P'lef.8tocene aed~a e1DPosea on 
the north. '{Umk of WMeZer Rf.4{!e, . 1wlf a mile east of the mouth.. of Ooaloil 
Oamyon 

Feet 
A series of 11.ne gravel and buif clayey sand and sandy clay, 

which becomes progressively 11.ner toward its top ·and the 
outer edge of Wheeler Ridge.. Fine gravel, :tPe most com-
mon pebbles of which are 2 or 3 inches in diameter, ~curs 
in lenticular beds from a few inches to 3 feet thick and 
comprises 60 per cent of the lower half. Gravel beds are 
thinner and less abundant in the upper half, although 
pebbles as much .as 8 inches ~ diameter are· scattered 
throughout this member-------------------------------- 450 

Coarse gravel, boulders, fine sand, and clayey sand. Finer 
beds are buff. Boulders are of granodiorite and as large 
as 18 inches in diameter---'------------ ----------------- 70 

Sand, clayey sand, and 11.ne gravel. Subangul~r pebbles from 
2 to 3 inches in diameter are most common and occur as 
thin discontinuous beds throughout this member. The 
upper· half, 200 feet farther west, contains much more 
gravel---- ------------------ ---------------- --- ------·-- · 160 

Gravel, sand, and sandy clay. Gravel composes 75 per cent 
of this member ancl occurs in beds from 1 to 40 feet thick, 
intercalated with buif sand and sandy clay beds from 
1 to 6 feet thick. All beds are extremely lenticular. 
Pebbles are 60 to 75 per cent granodiorite______________ 340 

Gravel, sand, and sandy clay, interbedded i~ lenticular layel'.S 
from ii, few inches to 6 feet thick. Sand is granitic and 
clayey and ranges in texture from coarse to fine. All 
beds are gn:iy or buff, are poorly sorted, and change lithol-
ogy within short distances------------ - ----------------- 120 

Sand, sandy clay, and gravel of light-brown color. Coarser 
· sand is granitic ·and largely light gray in fresh exposures. 

Finer sand and sandy clay are brown and contain consid
erable feldspar ; pebbles from 1 to 2 i~cbes in diameter 
are most common------------- --------- ---------------- 100 

Etchegoin formation. 

1,240 
This section is continued on page 281. 
Farther west, in the vicinity of the San Emigdio ranch, the Tulare 

formation has more thin beds of buff clay intercalated with poorly 
sorted sand and gravel, and, as it is fairly uniform throughout, it 
is not so easily divisible into two distinct divisions. 

The poorly rounded rock fragments contained in the Tulare for
mation have been eroded from the pre-Tertiary granitic and meta
morphic mass of the San Emigdio Mountains and from the accom
panying belt of uplifted pre-Tulare sediments and volCanic deposits. 
Large and small fragments of granodiorite are by far the most 
abundant detrital rock type and fragmen~ of the old metamor:phiQ 
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roc)q;; are .very com.m;o:Q, :wb,er~s f:raginept.s, .of t,he Tertiary rocks are 
prese.~t. in .subor4lliate amounts. . · . , . · 

Estnnatecti comi>ositi.on of gra.veZ · anit boolder be<iB in the Tulare f01"f11,0;tion of 
. ·Wheeler . Rid.ge · · · ' · 

. . . . . . . . . . . . . . , . . · . Per~nt 
" Granodiorite, with some diorite______________________________ 65 

Black mica schist, hornblende. $Chist, and dark-gray gneiss____ 15 
Pink and gray granite--------------------- ----------------- 5 
Gray· and ' blue coarsely crystalline limestone _____ .:___________ ·5 . 
Basalt, andesitic agglomerate, brown sandstone, quartzite, 

white slli~ous. shale, etc_...:.,.--..,- ------------:_______________ 10 . 

· The thickness of the . Tulare formation exposed on the north flank 
of Wheeler Ridge ranges :from 1,000 feet near the center of the ridge 
to about 1;500 feet 3¥2 miles farther west,. near its west end. This 
. westward thickening appears to be gradual but constant wherever 
the entire formation is expo~. From Telegraph Canyon, near the 
west end of Wheeler Ridge, to Pleitito Creek, · a distance of . 3¥2 
miles, the ·coarse sand, gra,vel, and clay · included in the Tulare in
crease· in thickness from 1,500 to about 5,000 feet. These figures in
clude from 50 to 250 feet of younger Pleistocene sediments. Just 
west of San Emigdio Canyon, on the south limb of the San Emigdio 
anticline, the Tulare formation has an exposed thickness of 3,000 
feet, and neither the base nor the top of the formation is exposed. 

BTRATIG&APHIO BELA.r10NB 

The stratigraphic relations between the Tulare and the conform
ably underlying Etchegoin formation are discussed on page 285. 
At several points along the northern edge· of the San Emigdio foot
hills the main mass of coarse buff gravel and boulder beds, here des
ignated the Tulare formation, is overlain With marked angular dis
cordance . by a . slight thickness . of coarse fangloineratic deposits, 
similar in character to· the Tulare, which were laid down as alluvial 
;fans along the southern edge of the Gre·at Valley during Pleistocene 
time. Plate 3'l, A, illustrates the stratigraphic relation between the 
Tulare and these overlying bedS along the north side of . Wheeler 
Ridge, and Plate 36, B, shows a much more striking 1inconformity be
tween these two formations near the San Emigdio ranch. 

TE.J'ON HILLS 

Pliocene strata of the Tejon Hills, near the base of the Sierra 
Nevada, are fairly uniform in lithologic character and, unlike the 
Pliocene of the San Emigdio foothills, compose only one formation. 
This formation, the Chanac, is of continental origin and conform
ably overlies the marine Santa Margarita formation. These · sedi-
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ments commonly dip away from the granite at ~·ngles between 5° and. 
20°, though lo·cally tilted more steeply.'' '10wing to their gentfe in- · 

__ clination and soft, p.oprly ceui@~Q.,. ~harJJ.i::ter, .t}le .. Ch$.D.ac ,beds in 
much of this district present a subdued topography of low-lying 
round-topped hills that are gashed by many steep-walle(!. ar,:r;oyos. 

. . . . ' • ·1 :-·1' !. · ·, . 

CHA.NAO FORlrlA.TION (PLIOCENE) 

Lithology, swrface features, and thickness.-The Chanac forma
tion, so named by Buwalda.66 .from the .proximity of its occurrence 
to Chanac Creek, is -easily distingliished from other sedimentary 
ro.cks. of the Tejon Hills by its buff color and the angular; ill-sorted 
character of the large rock fragments.that are ·common to the forma
tion. These coarse detrital accumulations were deposited dW:>ing: the 
Pliocene to form extensive alluvial fans along the base of the .Sien:a I 
Nevaqa and should be termed fanglomerate.67 They.,.aretiinter-c'a- \ 
lated with lenticular beds of coarse gray arkosic grit and buff clay 
that commonly weather to a fluffy surface. (See pl. 37, B.) The 

--~~ratwcation is indistinct and discontinuous, and many of the beds·of I 
coarse grit are very much cross-bedded. The .rock fragments '.'Show ! 
little effect of water :w~a11:(see pl. 34, .0) ·and are generally 6:inches 
or less across, but large boulders are not uncommon;'and the largest 
are 9 feet or more across. Angular fragments of white, gray, and 
pink rhyolite are the most common type, and white quartz, trachyte, 
granodiorite, quartzite, granite, acidic agglomerate, schist, and 
gneiss, mentioned in the approximate order of abun,dance, are notable 
constituents of the fanglomerate. . . . .. 

The · coarse gray arkosic grit appears to be more commolil, .,.i.p."· the 
upper part ,of the Chanac, whereas thin beds of buff ~~ay ar~ m:ql'.e 
common in the lower part,_ ~ relation which suggests: tjlat the ~omia
tion is of somewhat finer tex~ure in its ~pwer portion,. aJthoµg~.1fan
glomerate is abundant tQ.roughout. :In ~ddition to .. the abundant buff 
clay there are local thin bedS of green clay in both the upper and 
lower parts of the formatio.n. . 

As shown in Plate 37, B, the Chanac formation is eroded locaUy 
to a typical ba~and topography, especially where Comanche Creek 
has carved prominent bluffs along the up-dip side .. Qf pr.o@nent 
ridges. This topography is in ·striking contrast, however, to the 
rounded, subdued hill slopes 'comttlon to t~ formation throughout 
most of the Tejon Hills. Bedding is indistinct in the soft sediments 
(.,f these low-lying hills, but locally it is plainly visible· as ~L~~sult 

• Buwalda, J. P., tn Merriam, J ,- C., Mammalian remains from the Chnnac format ion 
of the Tejon Hills, Cnnt. : California Univ. Dept. Geology Bull., vol. 10, p. 114, 1916. 

07 Lawson, A. C., The petrographic designation of alluvial-fan formations: California 
Univ. Dept. Geology Bull., vol. 7, pp. 82~34, 1913. 
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A. TULARE AND ETCHEGOIN SEDIMENTS ON THE NORTH FLANK OF WHEELER RIDGE 

Lookiog northwest. The coarse buff Tulo.re exhibil.8 badland topography al Lhe right; the finer greenish-gray Etchcgoio appears in the left foreground. 

San Joaquin Valley 

B. UNCONFORMITY BETWEEN OVERTURNED TULARE STRATA AND OVERLYING TILTED PLEISTOCENE ALLUVIAL-FAN DEPOSITS, 1 MILE WEST 01" SAN EMIGDIO RANCH 

Looking east along north edge of foothills. Dashed )iDl'..s show overturned Swi Emigdio anticline. 
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A. UNCONFORMITY ON WHEELER RIDGE BETWEEN TULARE AND OVERLYING 
TILTED PLEISTOCENE ALLUVIAL-FAN DEPOSITS 

B. COARSE INDISTINCTLY BEDDED CHANAC SEDIMENTS IN THE TE.JON HILL.'> 



U. S. GEOLOGICAL SURVEY BULLETIN 812 PLATE 38 

A. STREAM TERRACES ALONG SAN EMIGDIO CANYON 

Looking north. Terraces are 400 feet above present stream. 

B. STREAM TERRACE ALONG SAN EMIGDIO CANYON AND ITS RELATION TO 
MATURE PHYSIOGRAPHIC SURFACE OF THE UPLAND 

Note genlle arching of terrace deposits, J!resumnbly caused by post-Pleistocene stresses along 
Pleito fault. 
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Sierra Nevada 

A. TERRACE REMNANTS OF PLEISTOCENE ALLUVIUM (QL) HIGH ON NORTH 
FLANK OF WHEELER RIDGE 

These deposiLS rest upon Tulare and Et.chegoin beds dipping 45 °-50° N. Looking east. 

San Joaquin Valley 

B. HIGH PLEISTOCENE STREAM TERRACE DEPOSITS (Qt) IN LOWER GRAPEVINE 
CANYON 

Looking north. 
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A. SMALL LANDSLIDE OF ETCHEGOIN CLAY ON THE FLOOR OF SAN JOAQUIN 
VALLEY JUST EAST OF SAN EMIGDIO CANYON 

Source 
' ' ' 

B. ONE OF THE LANDSLIDES ON THE NORTH FLANK OF WHEELER RIDGE 

Slide rests upQn steeply dipping Tulnre gravel. 

C. MAMMILLARY SOLIFLUXION FEATURES ALONG NORTH EDGE OF SAN 
EMIGDIO FOOTHILLS, NEAR PLEITO CREEK 
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. of color b~.~g_ :ijJ;q.~~~~ .b;y _alternating beds of buff clay and gray 
sand. 

The thickness of the Chanac appears to range from 300 to 1,000 
feet or more and to be greatest west of Comanche Creek and south of 
the anticline at Comanche Point. The stratigraphic relation between 
this formation and the underlying Santa Margarita is considered on 
pnge 273. 

Fossils and age.-In surveying Tejon Hills in 1911 R. W. Pack 
ancl assistants, of the United States Geological Survey, collected 
mammalian bones from the Chanac and underlying Miocene strata 
n<·ar Comanche Point. Additional material was collected later by 
R. C. Stoner and J.P. Buwalda and in 1915 by Buwalda and others, 
who again ~~ted, this,district . . These bones have been described by 
Merriain,68

- wJ;i,<?, ,ip his· :s~qnq. ... paper concerning this material states 
that the representation of mammalian forms obtained in the land
laicl beds of the Cha.nae formation is· very scanty; he identified the 
following forms from the material available: 69 

Rhinncerotid, indet. 
Pr•. ~ to11ippus tehonensis Merriam. 
!'\L·ohipparlon gratum tehonense Mer-

riam. 
Neohipp~ion near N, molle Merriam. 

Prosthennops sp. 
Camelid indet., large. 
Merycodus near M. necatus Leidy. 
Proboscidean ( Tetrabelodon?) , indet. 

Concerning the r~lationships of this fauna ·Mem~m: pre~eri.ted. th~ 
fo llo,ving conclusion: 10 

'fhe available evidence furnished by the Chanac mammalian fauna indicates 
that i t represents a stage older than the PZi-Ohippua pr0'001'8'U8 zone of the upper 
E tchegoin in the North Coalinga region, and later than the Barstow, the young
est recognized upper Miocene of the Pac111.c coast and the Great Basin provinces. 
The Chanac is evidently of an early Pliocene or latest Miocene phase. It is pre
sumably nearest to the faunas of the 1ow~r por_t;lon . o~ ~e J"acalitos-Etchegoin 
of the North Coalinga region and to the Rleard() stage of the Mohave area. · · 

Although many fragmentary bones were found during. the present 
investigation·; no additional fossil material of value is as yet avail
n ble from the Chanac formation. All the mammalian bones from 
th is formation have come from layers within 56 feet or so of the 
base, resting directly upon marine Santa Margarita (upper Mio
cene) deposits. The Chanac formation is believed to represent al
luvial-plain deposits that accumulated throughout the Pliocene until, 
near the end of this epoch,· these depoi?~ts. were uplifted · and ·folde4 
and thereafter dissected by a system of sfreanis ·much like that of 

• Merrhi.m, i ·c:, Remafas of land· ninmmals from marine Tertiary beds in the Tejon 
HUis, CnUt. : California Univ. Dept. Geology Bull., vol. 8, pp. 283-288, 1915 ; Mammalian 
remnlus from tbe Cbanac formation of the Te3on BU!s, Cs.llt, ; l!Jell), vo!. 10, pp. 111-127, 
~~ . . . 

· •Op. cit., (1916), p. 116, 
"°Idem, p. 117;· 
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the present. Deposits. of similar character occur along ' the east 
side of San Joaquin Valley farther north and have been described 
as the Kern River" group." 71 These more northern sediments have 
also yielded bones of land inammals; but .this fossil material has not 
yet been studied and classified,12 and it seems that the Kern River 
formation can not, on the basis of available information, be corre
lated with the Chanac formation.73 Much of the Kern River forma
tion was probably deposited under similar conditions and at about 
the same time as the Chanac, but as the Kern River rests upon middle 
Miocene strata containing a Twrritella ocoyana fauna, with no inter
vening recognized marine strata "Cif ,'upper M}.ocene age, it seems 
at least possible that the Kern River . may include upper. Miocene 
dep0sits of Santa Margarita· age' and ·therefore can not at this time I 
be considered the equivalent of the Chanac formation of the Tejon 
Hills. . . . . 

PLEISTOCENE DEPOSITS 

Deposits of Pleistocene age are taken, in this report, to include 
the youngest group· of beds that has undergone marked deformation. 
They represent coarse detrital accumulations which, during Pleisto
cene time, were deposited in valleys and as alluvial fans by over
loaded streams. At the end of the Pleistocene epoch the entire foot
hill belt was uplifted several hundred feet, and the present stream 
valleys were cut below the old Pleistocene erosion surface. The 
results of these events are particularly striking in ·the vicll:µty of 
San Emigdio Canyon and farther west, but it is evident that all of 
the foothill belt along the southern border of the Great Valley was 
subjected to similar uplift at about this time. Post-Pleistocene 
uplift not only elevated the foothills themselves and provided the 
final geologic setting for the development of high stream terraces, 
but it produced a remarkable northward tilting of the Pleistocene 
alluvial-fan deposits along the borders of these foothills. 

STREAM TERRACE DEPOSITS 

BAN E:MIGDIO FOOTHILLS 

Stream terrace deposits in the vicinity of San Emigdio Canyon, 
Los Lobos Creek, and Santiago Canyon compose one of the most 
striking formations of this foothill belt. Those in San· Emigdio 
Canyon have a total areal distribution of several square miles and 

'11.A.ndereo.n, F. M., The Neocene deposits of Kern River, Calif., and the Temblor Basin: 
California Acad. Sci. Proc., 4th ser., vol. 3, pp. 95-96, 1911. 

12 Stock, Chester, oral communication. 
••Chester Stock has recently made extensive collections from both the Chanac and the 

Kern River beds. Although his studies are not complete, he hos Informed the writer that 
vertebrate-fossil evidence warrants the conclusion that the Chnnac formation is definitely 
older than the rossll-beo.rlng beds of the Kern River " group." 
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a: maximum thickness of at least 300 feet .. . Their. upper .surface is. a 
broad flat which stands from ·· 300 . to · 500 .. feet above the · present 
stream• {see ·pl.. 38) and . which, a.S .it extends away from the ca.nyon 
walls, merges with the subdued land forms of a physiographically 
old or mature Pleistocene surface. These deposits occupy similar 
high terraces in the upper. parts , of Los Lobos and Santiago Can
yons and broad flats in high intervening areas (pl. 31) which as yet 
are untouched by the present system of in.trenched. streams. . Lower 
and less prominent terraces occur at three different levels along the 
lower part of Los Lobos Creek, the highest about 150 feet and the 
lowest about 30 feet above the stream bed. 

These alluvial-terrace deposits are indistinctly bedded and are 
characterized by an abundance of large angular unassorted frag
ments of dark granitic and metamorphic rock that have been de
rived from the mountain mass to the south. The color of the 
assembled fragments, owing to the prevalence of black schist and 
diorite, is commonly dark gray, in contrast to the buff and light 
gray of the more argillaceous Tulare formation. 

WHEELER RIDGE 

Stream deposits of Pleistocene age occur as small terrace remnants 
'in Coaloil and Telegraph Canyons, in the western part of Wheeler 
Ridge, where they lie from 30 to 150 feet or more above the stream 
beds. Farther east there are no large streams that cut across the 
central part of Wheeler Ridge, but there are wind gaps which were 
carved by such streams during Pleistocene time and which are closely 
related genetically to high alluvial terraces on the north flank of 
the ridge, 800 feet above the floor of San Joaquin Valley. (See pl. 
39, A.) Still farther east there are several less prominent wind 
gf!,ps ~c,r?ss the lower part of Wheeler Ridge, some of which contain 
:fine black loam as the sediment deposited by streams which crossed 
this anticlinal ridge during the Pleistocene epoch . 

. · •; ; :&~_, O~c;>lLTO. T·KE TEJON KILLS 

In lower Grapevine Canyon there is a remarkable alluvial terrace, 
(see pl. 39, B), which, in its lowest part near the mouth of the 
canyon, is 300 feet above the alluVial floor 'of SanjoaqUin valley; iess 
than a mile to the north. The material composing this terrace deposit 
consists of fairly well bedded buff and gray sand, clay, and gravel, 
Ii.rid it: 'is apparent •that- the: _Pleistocene I stream that . produced this 
deposit had a comparatiVely gentle · gra:dient; very different from 
that of Grapevine Creek to-day. · 

Prominent· but narrow and relatively 'low stream terraces occur 
also along Live Oak and Pastoria Creeks. Still farther east, in the 
lower part of Tejon Canyon, there is a prominent alluvial bench level 



296_. :OON.TRIBUr.rtONS ;TO .ECONOMIO GEOLOGY, 1929, .P~T· II·: .. 

a.bout , .75 to 100; feet ·above · Tejoil Creek, · and along the ; nar.theast 
wall .of ·this same canyon there are. small remp.ants,·0f -•e.ri: ~rlier 
terrace ·approxiinately 200 feet higher. Mo'st of : thei. mat.eria:l · that 
oomposes these terraees ·consists of .poorly .stnatjfied .'c~ai~· :a.ngrila_r 
rock fragments a.nd sand. . · ... · . ~ _.,,,;·.-.· ; ! ' i. · ;;!;:-.ii~- ;~ 1. ; : ~;l .. 

·In the Tejon Hills-:alluVial. terraces are: l<n>r 1~d1indistinct:md; · 8.8 
a result, · are ~ot . very ·prom,inent featur~: ;of 1-the .. kn.dscape ... . They 
·are present" ali>ng· .Jower Tejon· Creekt,dJo;m,ancbe· Creek, and .the 
short westward:.draining·tributaries that empty into Comanche-Ci-eek 
·from the 'east. .Alorig lower Tejon Creek . there are ' locally ·small. 
remnants of two terrace levels about 40: and 80 feet above · the: creek; 
bed. ·East of .Comanche Creek and near. the Tertiary granite contact 
there are aHeast three prominent levels of terrace deposits, appro:xi~ 
mately·-.40, '75", and· 100 feet above the present-:drainage level. .. ; J l1he 
upper· terrace is continuous with an old surface which. caps· most,-of 
these' hills and which is strewn with angular blocks· of ' black schist, 
gneiss, and granodiorite. · : 

. .:. . . . . ~ · . ·.1 . • ,., ::· 
TILTED ALLUVIAL-FAN DEPOSITS 

•.· ·i .. 

GEllEllAL J'EATVBEB 

Dtiring the Plei~ocene. epoql{ _pQ9i;if _sork,d . sedlm,~ii.t8 .--o{ . ~00.rse 
te~lire· wer~ .. dep.osit_ea:: ii::ajlfrv:iij.I'_. ~a~ . al?ng ~he soutpeFP.. li.~~~er 
of SILD. Joaq,uin VaIJey. by·_ s~~~~~ -~~t _fl~~~ frolp.: t~~- _ moUnt.&in
ous country to the sou~h, . ':l.'.~t~; m.~~eq~. ~c1:1111u11tted_ 1:1~8:~ .. the . p~~
ent edge .of t}ie foothills, a~d , ~~ .~l!<?ut. ,tlie .e~~ of P~~I~<;ene .tllXlP. 
und~rwent. a marked i;iorthwar4 .tilt~ng·:. a.S .a ~eSult o:f .ihe .s.ame broad 
move~ent that upli~d .the ~ntire "fo~thilfb~~~- a.p:a:. : ~a!~~- -~h~ way 
for the de_v~iopment of _the prom.Ui.ent · sti:eiiin: te.rr~c~ . g~~ibed . in 
the precedi:n,g 'paragraphs . . These tilted alluvial-fa.ii and _· terrace 
deposits are "considered to· 'be of approximately the same age·; · they 

·both unconformablj' oyerlie the Tulare formation (upper Pliocene), 
which is also an oid anuvial-fan or alluvial-plain deposit; they are 
practically continuous with each other at some localities, as near the 
mouth of San, ~dio :and <;lrapevine Canyons; and they we~,both 
laid down prior to t4e.last extensive. uplift.. . . . . . . . . 

Lithologically the .tilted iilluvia~-.fan mater ial is .very_- much ),ike 
the terrace deposits and. C();tl.Sists lar~ly ~f coarse gi:aip.tic ~nd and 
angular rock fragments of granitic and met,morp~ic . rock,. all of 
which are indistinctly b.edded and poorly assprted . . Becaq.se of .tpe 
abundance of large fragments of rock of dark col.or a,.nd~ ~- ,.µl~t 
localities, the relatively small amount of clay, thes~ PleistQcen~ :cie
posits can usually be readily distingq.ished from t_he ~lde.r . bl,lff. J.'ulare 
formation. In the vicinity o.f Lit~le.'.Muddy .Qreek, however, ~l;ie two 
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formations are so similar that there is some doubt as to where the 
contact should be drawn. 

SAN E:MIGDIO FOOTRILLS 

The lithologic character and structural and stratigraphic relatiQ~s 
of this tilted Pleistocene alluvial-fan material are well exposed a~ 
the mouth of the first large gulch west of San Emigdio Cany:Oi}. 
(See pl. 36, B.) Here the coarse Pleistocene sediments dip 45° N. 
and unconformably overlie the light-buff sandy and gravelly clay of 
the Tulare fqrmation, which is overturned and dips about 25° ~. 
The northward ·tiltiiig of this Pleistocene material apparently has 
resulted from the renewed growth, at the end of Pleistocene time, 
of an already overturned anticline. . . 

Farther west along . the• north :flank of this fold all of the Tulare 
formation appears to be overlapped by these tilted Pleistocene sedi
ments, which in Little Muddy Creek seem to contain more buff clay 
and to rest with an angular discordance of 10° to 15° upon the 
Etchegoin formation (lower, middle, and upper ·(~) Pliocene). 
(See p. 278.) 

East of the mouth of San Emigdio Canyon the significance and 
relations of these Pleistocene sediments are obscured for a distance 
of 2 miles by prominent earth ~ows of, Etchegoin clay, beyond whiqh 
they can not be readily separated 'from the underlying Tulare forn;ta
tion. However, in the west wall of the large arroyo east of Hill 
1764 (sec. 25, T. 11 N., R. 21 W.), there is a good exposure in which 
steeply dipping Tulare fanglomerates are overlain by similar Pleisto
cene sediments with an angular discordance of at least 20°. A 
similar relation exists along the north flank of Wheeler Ridge (see 
pl. 37, A), where the Tulare is overlapped by several hundred feet · 
of Pleistocene fanglomerate with a difference in, northward dip o:f 
approximately 30°. 

Just west of the mouth of Grapevine Canyon there is, at the edge 
of the foothills, a large exposure of coarse gray angular ill-sorted 
material of probable Pleistocene a.ge that is considered to be th!) 
age equivalent of the high terrace deposits in the lower part of Grape
vine Canyon. This Pleistocene material at the edge of the foothills is 
tilted northward 65° to 70° and rests directly upon the Tejon forma
tion (Eocene), which is here overturned and d~ps to the south. 

NEAR TXE TEJ"ON RANCX 

Structural deformation throughout ·late geo.logic time has been far 
l~s ·intense in the southeastern part of San Joaqmn Valley than in 
the San Emigdio foothills, to the west. Uplift at the. end of the. 
Pleistocene epoch was comparatively gentle in the foothi,lls near the 



298 CONTRIBU~I<;>NS. TO. ECONOMIO GEOLOGY, 192.9, PART II · 

Tej on ranch, ftJ:i.d as :~ r~w~ Pleh;t.ocene. aUu~&:i, f~ h~ve .been tj,lte.<l 
but little. toward San J o~uiii Valley. The bes~. record of tlti,s. Ia$t 
extensive.though gentle uplift appears along the ~ower part of Tunis 
Creek, where a long, gently ,.sldpmg·ii:'ggraded surface now lies 100 to 
150 feet above the level of :the.minor. str.eam;drainage :that has c&I'Ved 
away 1ts we$tern border ... The pr.esentich·anneLof.Trinis Creek, where 
this stream lea.v.e.<? the· re&istant basem,ent ,C.6Jiiplex, lies 40 to 50 feet 
below the µppen ,s:qrf~, of tb.is-O:ld allu:via;t :fa.n. . · 

Along lo'Yer Tej9n, :Ol:'eek;: 7, ~e$ nQrthwest of .the Tejon ranch 
house, the . ~l,'f~e of, the. hiJ4; gr.a.4es \ w;ei;;tw.a.r~ ,mto a. gently sloping 
plain which lie$ . 20 to . 50 feet a'Qove t)1e ,creek, ,bed ;and which; prior 
to the last up1#:t, belonged. to tb~uJ.J)µvial fa,n of Tejon Creek ... The 
surface of this alluvial plain, now,, li~~ abQve. the present . stream 
channel, is . practically .GO;D.ti~l'\J,<,>,~s: with the ~tream terraces. along 
Tejon CI'.eek a:nd ; gr~des inlper.ceptibly into the ,broad alluvial floor 
of San J oa.quin Valley. · 

.. . LANDSLIDES .. 

Landslides· form striking. phy~iograp:hic fea~es ~ithin and 8.1.ong 
the northern border of the Sa:µ Emigdio foothills. They occur in 
practfoally· all ·types 'Of r6ck; from·the ~al,'d massive pre-Tertiiiry 
granite and Iiletamorphic co~plex ' to: the soft Pliocene clay of the 
Etchegoin formation; .. Ollif 1tliE? larg~st and m9St obvious landslide$ 
are shown on the geologic "map' "(~L: ·31) ~·· arid · it will be noted that 
they are partiGtilarly al:hfudliiit l~:ti.g the riortliern part of the foothills, 
where comparatively soft Terti~cy tock§ "iinderlie unusually steep 
slope5. The features that ha\.e. ·b~ert: i'~dogni~d as landslides are 
probably 8.11 of Quaternary age. Soine 'of them.' are deflili~y post
Pliocene; and it seems ·p:robable that conditio~ 'favorable to the-wide-

. spread deveiopnieiit . of ' landslides ·in Tertiary r'ocks ·of this r~gion 
have existed orily since''the· ·poSt-Tulare (post-upper Plioeene) up
lift. Some of them appear to be younger than the Pleistocene ter
race and tilted alluvia;I:-fa.n'. material and probably resulted, directly 
or indirectly~ from the·'last great uplift of this region. However, as 
they all have undergone noticeable erosion and dissection by minor. 
streams, it is iinprobable tha.t· any of them are v~rr_ recent. 

·. :· 

SLIDES . OF . ErOBEGODI' OLAY• 

The soft clay of the Etchegoin formation is the stratigraphic unit 
most susceptible to landsliding . . Neir the:northern edge of the San 
Emigdio foothills thi~ formatio.n i~ . ~xposed . along the crests of 
sharp~y folded anticlines and, prior to' 11tiidslidiiig, stood unsupporte(l 
at the top of steep slopes ,overlooking San Joaquin Valley. In addi
tion to the soft character. of the rock and ' the str~cture and resultiiig 

. . . . . . ' . 
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'~p slope, the· c6ri.lirei.oit~ fat~~abl&'ili;~he ·aevelopIIi~n~· ofialid~lici~ 
hi this region llicl\ide 'the : pre~ii.i~nce «)f g~ntle. rams "duJ:ing the : w~t 
~ea8on; .the scarcity of veg~tati9:ti; '_'.aii~:·:the 'probable . occurrence· ot 
earthquakes. . . . . ~ ' .' '1

: " 1 . ... . ' ' ..; ~ . . . . . . . 

.. ~ .. Two landslides just east ofthe:mouth'of San Emig!iio Canyon are 
particularly striking in that they_' test upon .the flat floor of ·sa.n. 
Joaquin Valley and have assumed cl~~cut :i;olln.ded forins ID sharp 
contrast to the adjoining topogfapliy~ · ·The smaller one is shown 
in Plate 40, A. The greenish-gray mas5es "of Etcliegoln.,clay thlit 
compose ·them ·have" slid ·from the crest' of the ' sharp~y .overturne,d 
San Emigdio · an.ticllii.~ i .'(see· 'pl. 31) and~· on st~g. the· va~ey floor, 
have flowed like a viscdus: fluid and ·come to rest hi' lobe-$haped' forms 
with steep terminal- slopes> i Therr points <?f exit £roin the high. ft>ot
hills to their tear appeai1as faiHy ·distinct Windows ill. 'this' ·wall 'of 
nearly·vertlcal ·ro'c}ts.:i: · : .. " · ... :,••\,.. "· ' ·: · · ··· 

- . . . . . . ( 

-li'•a';\vo prominent landslides occilr'on·Wheeler Ridge. 'These featur~ 
ar.~ri bf;·J3dinewh'a:t · WJferent ·· charac~f· ·from those farther · west-near 
San: Emigdio Canyon. Inst.ead 1Jf •origin:ating· at :th'e 'crest: of ari 
overtur.ried . anticline at ·the: veryTedge' 'of ' 1the · foothills and sliding 
down.. a· steep face to the va;lley : fioor; . they have eonie' nom poirits 

. near : the axis· of a c.omparatively broad· anticline ·and · have · iriov~d 
alcing a. rela.tively gentle slope (approximately ·11 °) ~= · (See pl. '40, n:) 
.Although; their forward .ends have· reached the:· e-dge· of the valley; 
they ·rest-. upon this :gentle slope · of ··buff-··Tttlare rfanglomerate 'in 
tonguelike .masses of greenish-gray clay'deri-'Ved"ffom·the Etchego:in 
formation . . · The base' of the ·eastern ... la;ndSlide' 1sliows' remarkable 
slickensi~, but it: seems 'probable; frofu the gentle' slope and th~ 
character of the material involved, tb.a.t1m ·gen'e:ral the ·m'ovenient of 
these two masses was ch~l'.~P~¢..Q.y.. ,slo':V flowing rather than by 
rapid sliding. In fact, 'ii ' lii' believetf" that these two features . on 
Wheeler · ~idge ·may' properly be designated earth flows, rather" tliim. 
typical landslides·; ~ .character of movement they' are ·probably -.very 
much like the Gros~ Ventre slide.:described by Blackwelder.7'" ·Tu 
point of origin they a.re also c1Ql?0ly :related to the multitude of.sriia.11 
mammillary solifluxion features thafr occur along the northern' edge 
of the foothills west of Wheeler Ridge . . (See pl. 40, O.)'. 

SLIDES OF xfuooi>..a. SXALE 
• • ·1'1 ••• - •• .... • 

In the upper part of the Pleito ;Iiills; south ,of Wheeler Ridge and. 
just north .of the Pleito .syncline, there., .are numerous fairly large 
s~des of Maricopa s~ale that have. r.esult~d . in ,part from .the . more 
rapid erosi_on of soft. V ~queros shale directly . to the north·;· these .fea~ .. 

"Blackwelder, Eliot, Tbe Gros Ventre Bl.Ide, an active 
0

earth. flow : Ge~!. S~c. Amerl~a 
~ull., vol. 23, pp. 487.-4921 1912, . ' ' · · ' 
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tures do not appear on the geologic map. ·. Laudslid~ . from tlie steep 
p.~:i:th. ,fa~ . of· Maricopa shale near the top of the Pleito Hills, and 
also from the softer Vaqueros. sha.l~ :f~rtbet north, are .so abundant 
that structural conditions in the Pleito Hills can not be satisfactorily 
determined. It sooms probable that gravity sliding and slumping 
of soft rocks have been instrumental in emphasizing the subdued 
topographic .aspect of the extensive north slope .of the Pleito Hills: 
a slope that appears to be an old peneplain now tilted northward and 
iI).cised by sharp youthful ar.r<?YO,S. _. . . . . . . ... . .. 
• .~xte;ndiµg,9~t<?. the fl.at_ flooi; of. ~l. ~ii;tcon, . at ~he :rio#.h ,,fo11t· :of 
the Pleito Hills and just south of Wheeler Ridge, are two linUsually 
large fJ.at,;topped lobes of Maricopa. shale . that are 'believed to repre
sent landslides from the edge of the hills at their rear. Not only 
are their form and . their location . at· the foot . of a prominent slope 
suggestive of landslides, but the geology and contour of the northern 
edge of this slope lend support to this tentative conclusion. (See 
pl. 31.) . Objection may b~ua.is~d .t.hat there are,, in itheeastern.lobe; . 
exposures 100 feet or more across that show fairly uniform rock 
structure, a condition not common to many landslides. It seems 
probable that this mass of hard siliceous shale moved upon a lubri
cated bas.e of soft wet Vaqueros clay shale and acquired its present 
positiOn by a··single rapid movement. It also seems easily possible 

· t~t .the involved Maricopa shale, which·is highly indurat.ed and·;well 
bedded, remained essentially unshattered throughout areas · 100 feet 
or more across, especially when it is considered that the entire lobe 
C.Q.v~rs an area of three-fourths of a square mile. That the structure 
in much of the lobe is far from uniform is indicated by dip observa
tions shown on the geologic map. 

RECENT DEPOSITS 

Tne extensive alluvial mantle of San Joaquin Valley approaches 
this southern mountainous region with gradually increasing north
ward slope and at the base of the foothills laps upon the steeply 
folded Tertiary rocks as a broad apron composed of innumerable 
w.Juvial fans. The conditions that caused the development of this 

· remarkable alluvial plain have existed along the base of this foothill 
region since middle Pliocene time and have resulted in a great thick
ness of poorly sorted fanglomeratic material of much the same litho
logic character. This material includes the Tulare formation (upper 
Pliocene) and the Pleistocene and Recent deposits, and it is apparent 
from the relative distribution of these three formations that the San 
Emigdio foothills, since middle Pliocene time, have been extended 
more and more to the north and now include a considerable area 
that w~ once a part Qf Sa.n Joaquin Valley. . . . . . 
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SKETCH MAP SHOWING STRUCTURAL FEATURES IN TERTIARY ROCKS ALONG SOUTHERN AND SOUTHEASTERN BORDER OF SAN JOAQUIN VALLEY AND TUE RELATION WHICH 
THIS BELT HAS TO ADJOINING MAJOR STRUCTURAL PROV! CES 

The mapping or some or tJ1e features south of I.he Plcito syncline nod west or Santiago Creek is ndnptod from Profcssioonl Pnpcr ll6, by n. W. Pock. 
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A. DEVILS KITCHEN SYNCLINE, IN SAN EMIGDIO CANYON, AS SEEN FROM THE WEST 

The mo.ssive dnrk-appenring ledge at the top of the ridge, in the middle, is prohnbly Vaqueros (lower Miocene); the shale at th~ exLreme ri{<ht is Tejon {upper Eocene); the remaining and major part of this 
expesure is Oligocene. Exposure ia about 3,000 feet high. 

Sierra Nevada 

Tejon l:!ills 

San Joequin Wbeeler San Joaquin Valley 

B. WHEELER RIDGE AS SEEN LOOKING NORTH FROM THE TOP OF THE PLEITO HILLS 

Note the remarkable physiogrnphic form of this post-Pliocene auticlinal ridge. Numerous wind gaps occur along .i ts cresl, especilllb in the eaatern pnrt, and were corvcd by •tre1111>• in l'leil.toccnc time, 
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STRUCTURE 

GENERAL CH.AltA.CTER 

The foothills along the southern border of San Joaquin Valley· 
form a connecting link between the Coast Range$ on · the . west and 
the Sierra Nevada on the east. (See. pl. "41.) As these two moun-: 
tainous regions on opposite sides of the Great Valley of California 
are known to be of highly different structural character, it has been 
suspected that the San Emigdio-Tehachapi footJ:>.ills contain struc
tural characteristics similar to both the Coast Ranges and the Sierra 
Nevada, and that there may exist a gradual transition from the_ t:fpe 
structure of one to the type structure of the other. This transition 
actually exists, and for this reason the study of the broader structural 
relations of this foothill. belt proves to be unusually interesting. 

The Coast Ranges west of the southern part of San Joaquin Valley 
trend in a n~rthweste:i;ly directitm · ~n4;1 are composed essentially of 
Tertiii;ty: iedimeri.ts . that ar~ sharply deformed into many folds and 
are brbk'.e'n: by Ii'l,imerous. fii.Ulfa : The µl0st :r;totabie structural feat1lre 
of this'' regio~'is thS' -~a.ii "4.ndr~~i(fa.ult; whiCh. cuts di~gS,nally fy~m· 
San Francisco' through the 'Coast· Ritn:ges in· a. southea.Sterly dir~
tion and near· the southwes1i ·corner· of. San Joaquin Valley ·curves. fu' 
the. east and. strike.s . appro:xjiriately. parallel to the curving trend of 
the foothills and 'in co~orajty With the generi;il shape of the soU:ih'.. ' . 
western and s0uthern borders of · the Great Valley~ : ·A pro~neiit :_ 
belt of highly d~for:r,ned sediments of the Coast Range J1orllieitSt_'({f' 
the San Andreas fault forms the southwest ·oorner of ·the1 valley and.· 
extends to the east as the northern foothills . "of'' th:~- S'ari E~gdio· 
.Mountains. ' · · '· ·, · · .. · ·' ' ' · · . 

The Sierra Nevada is characterized·by &-major ma~ of pre-Ter
tiary granitic and metamorphic ·rock, · a.~ong·' the western border ·of 
which is a relatively narrcrw ·strip· o_f late Tertiary beds thB.t ·dip 
gently to the weSt; . ~his gr&riitic iilas!3 ·and the accompanying sei:li
niel?-tS ~uive· to . ~(jrm 'the: "f!OUtheast' corner of the Great Valley, ' and 
the' gr8.nitic rock' exten:ds' westward t0 the San Andreas ·fault its the 
central part of the Tepachapi !!-nd San Emigdfo M~unt~in.S. · The 
deformation of the acc6mpanying narrow strip of ~ertiary depositS 
becomes progre~ively more ~tense westward · as ·the San Eniigdio 
:foothills are approached, and midway between the Sierra and the 
.Coast Ranges this increasingly intense deformation has been at least 
in part the cause of an abrupt increase from 1% to ~ miles in the 
width of the foothill belt of Tertiary beds. . · 

The mountainous belt along the southern border of 88.n Joaquin 
Valley thus contains a.composite of the features that characterize the 
Coast Ranges a~d the Sierra Nevada. The structure in the Tertiary 

62338°-30---5 
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rocks of the San Emigdio and Tehachapi foothills grades eastward 
from a typical complex Coast Range type to the simple gentle mono
cline characteristic of much of the western flank of the Sierra, and 
the granitic mass of the Sierra extends westward with decreasing 

·prominence until it is terminated by the San Andreas fault and con
cealed by the younger Tertiary deposits of the Coast Ranges. 

STRUCTURAL FEATURES · 

SAN ~GDIO AND TEHACHAPI FOOTHILLS 

STRlJO'l'lTRE NEU TllE GRANITE CONTACT 

The San Emigdio foothills of this report contain the topographi
cally prominent belt of Tertiary rocks between Santiago Creek and 
Grapevine Canyon. The Tehachapi foothills are here considered as 
including the narrow strip of .Tertiary deposits between Grapevine 
Canyon and the Tejon Valley. Throughout most of the San 
Emigdio-Tehachapi district the Tertiary seditll.ents rest with normal 
depositional contact upon the pre-Tertiary basement complex of 
granitic and metamorphic rock and dip northward at an average 
angle of 45° or more. Between Tecuya Creek and Grapevine 
Canyon, however, and probably at some · other points farther west 
the Tejon formation (Eocene) dips steeply toward the basement 
complex and, from all indications is in fault contact with the mas
sive crystalline rocks of the San Emigdio Mountains and has been 
overthrust by them. (See pl. 31.) This fault may not extend west 
of Tecuya Creek, but for purposes of illustration it has been pro
jected into structure section F-F', Plate 31. 

A sharp overturned anticline lies in the Tejon formation north of 
the granite between Tecuya. and Grap~vine Creeks. The anticline 
seems to pass westward into an overthrust fault, but because of 
terrace deposits and landslides it can not be traced east of Grapevine 
Canyon. Steeply dipping and overturned beds, however, continue 
eastward along the strike, p~rallel to the granite contact, to a point 
midway between Live Oak and Pastoria Creeks. Just east of Live 
Oak Canyon the Tejon formation appears to be thrust over the 
Vaqueros, which throughout this belt is itself vertical or even over
turned. . These features, like those of the San Emigdio foothills, 
appear to be the result of thrusting from the south and are asso
ciated with cross faults along which . considerable horizontal dis
placement has occurred. (See pp. 303, 312-313.) 

Eastward from Pastoria Creek the structure is comparatively 
simple and the Tertiary deposits dip north-northwest at an angle 
that becomes progressively smaller until, near the Tejon ranch, they 
dip only about 10° to 15°. 
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KA10R FOLDS · 

. ,.The San Emigdio foothills have-been developed as a direct result 
of bodily uplift and complex folding and :faulting of a belt of Terti
ary beds from 6 to 9 miles ' wide. All the major folds strike in a 
general easterly direction, parallel to the trend · of the San. Emigdio 
Mountains, and several of them extend throughout the greater part 
of the foothills. One of the most striking facts concerning the 
major folds of this district is that they all are either overturned to
ward the north, or tend to be so overturned, so that the northward-

. dipping limb of any one fold is invariably much steeper than the 
southward-dipping limb. The Devils Kitchen syncline (pl. 42, A), 
the Pleito syncline, the San Emigdio anticline (structure section 
G-C', pl. 31), and the Wheeler Ridge anticline (pl. 42, B) are 
notable examples of such folds, but the preceding statement is equally 
true for every other major fold of the San Emigdio foothills. 

The· tendency toward the northward overturning of all folds of 
this district is in agreement with other facts presented in this report, 
all of which, the writer believes, · furnish ample proof that rocks of 
the San Emigdio foothills have been· deformed during late Tertiary 
and Quaternary time by for(!es that had a strong horizontal com
ponent from the south. 

SAN l!IMIGDIO ANTICLINE 

The axis of the San Emigdio anticline . crosses San Emigdio 
Canyon about half a mile south of the mouth of the canyon · and 
extends eastward for about· 1 mile and westward to Los Lobos Creek, 
beyond which the fold is broken along its crest· by a strike fault. 
This anticline, which borders the northew· edge of the foothills, is 
overturned throughout most of its length and is one of the most if 
not the most sharply deformed major folds of the San Emigdio dis
trict. The axial part of the anticline may be studied to best advan
tage about half a mile west of San Emigdio Canyon, where steeply 
dipping Tulare strata on the south flank of the fold become almost 
horizontal near the aXis. The geologic map (pl. 31) shows dip 
observations at this locality, and Plate 36, B, illustrates the remark
able degree to which this anticline is overturned. The relations of 
this-fold to other structural :features of this district are presented dia
grammatically in ·structure sections B-B', G-C', and D-D', Plate 31. 

Vertical uplift along the San Emigdio anticline has been greater 
east and west of San Emigdio Canyon. As a result the fold plunges 
t.oward San Emigdio Canyon from, both directions, and the east and · 
west parts of th~s major fold have. the Etchegoin formation (lower 
middle, and upper~ Pliocene) exposed along the axis. Near Muddy 
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Creek, in fact, Maricopa shale is at the surface, but its exposure at 
this locality is due largely to a strike fault along· the crest of the 
anticline. About 1 mile east of San Emigdio Canyon this fold loses 
its anticlinal character and passes eastward into a terrace which, 
near Pleitito Creek, is abruptly cut off. by a branch of the Pleito 
fault. 

PLlllTO ANTICLINl!I 

It seems that an anticline.I feature of some sort crosses the Pleito 
Hills between and approximately parallel to the Pleito syncline and 
the Wheeler Ridge anticlipe. Certainly such a fold crosses Salt 
Creek near its mouth and extends westward, but in the Pleito Hills 
landsli'des are so abundant and exposures so poor that little reliable 
information can be obtained regarding the character and accurate 
location of the fold. Its presence in the Pleito Hills is suggested by 
the areal distribution of the Maricopa shale and the underlying 
brown shale of probable middle Miocene age, which is herein mapped · 
with the Vaqueros formation. In Salt Creek the north limb of the , 
anticline is very s~p, and farther east and west there are strong sug-: 
gestions that the anticline is even overturned. In brief, it seems 
reasonable to assume that a sharp fold, herein called the Pleito anti
cline, probably crosses the Pleito Hills and occupies the northern 
pa.rt of the Pleito Hills fa.ult block, a block which from all indi
cations has been thrust from the south toward Wheeler Ridg~. (See 
structure section E-E', pl. 31.) 

WllElllLl!lB RIDGE ANTICLINlll 

Major foUing.-Wheeier Ridge is the topographic expression of 
an unusually prominent anticline in the south half of T. 11 N., R. 
20 W. (See pls. 42, B,. ~' 47, 48.} The trend of the anticline.I axis is · 
roughly eastward, but with minor exceptions it describes a broad arc 
concave toward the south and ranges from N. 75° E. near the west 
end to S. 70° E., in the eastern part. This anticlinal ridge is formed 
by asymmetric folding of Pliocene and Pleistocene beds and stands 
at a maximum height of 1,500 feet above the adjoining border of 
San Joaquin Valley. 

The north limb' of this fold emerges abruptly from the floor of t_b.e 
valley with dips of 30° to 50°. In the steepest ,portion of the 
north limb, some distance from the edge, dips range from 5.0° · to 
90.0 , and in some places the beds are slightly overturned, whereas the 
average dip over the south limb is between 15° and 20°. Although 
at some distance from the axis steep dips are th.e rule on the north 
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limb, the anticline is symmetrical at the surface · in its central por
tion, with dips of about 15° on both north and south limbs. 

The anticline, although only about 7 miles long and 2 miles wide, 
has a closure of over 2,000 feet. It is somewhat dome-shaped in its 
central portion and plunges in both. directions at the ·rate of about 
20°, beginning some distance east and west from the center. The 
axis extends westward to the western part of sec. 25, T. 11 N., R. 
21 W., and possibly into sec. 26. A mile farther west-southwest, 
on Pleito Creek, horizontal gravel beds of the Tulare formation, 
which a few hundred feet farther north dip 25° N., indicate a west
ward continuation of the Wheeler Ridge folding. Toward the east 
the anticline plunges beneath the alluvium of San Joaquin Valley 
and has no recognized topographic expression east of sec. 32, T. 
11 N., R. 19 W. . 
·:rn addition to being offset by faults ea~t and west of the central 

part of the anticliil.e, the a:ris throughout much of the bulging dome
like portion between the faultS is.sinuous and makes several abrupt 
changes in tr'end. Just east of Coaloil Canyon the axis makes two 
nearly right-angle tlirns; other changes in trend farther east occur 
mainly in areas in poor exposures but apparently are not so abrupt. 

Near the mouth · of Coaloil Canyon the entire thickness of Tulare 
beds is conceaied by a landslide for a strike distance of 1,000 to 
1,700 feet. The str'uctural conditions concealed by this slide are 
problematic; that a fault is responsible for the abrupt change in 
strike of the basal Tulare beds at this locality i~ possible but is sup-
ported by little evidence. · 

The structure contour map (pl. 43) shows the altitude of the 
approximate base of the Tulare formation throughout Wheeler 
Ridge. , The contouring is based on the altitude of this contact where 
it is exposed and on the attitude of the beds throughout the ridge. 
On this map are shown only those observations on dips that have 
been used in contourl.ng the anticline. Others were ta.ken, most of 
which support the present contouring, but some of them· apparently 
represent the result of earth creep or local irregularities in structure, 
the character of which coufd not be determined. It is evident from 
the 200-foot contour interval of the structure map that the character 
of minor structural features is not shown in detail, but the contours 
are close enough to illustrate the features that could be determined 
with certainty. The poor and lenticular nature of stratification in 
these Pliocene beds and the difficulty experienced in recognizing the 
Etchegoin-Tulare contact on the south flank of the fold and west 
of Coaloil Canyon have made it inadvisa~le to attempt to show the 
structure of Wheeler Ridge in more detail. 
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Minor foldmg.;__Several small folds are distributed over Wheeler . 
Ridge near itS west and east ends. They are for the most part low 
down on the flanks of the main anticline, and each is distinct from 
the larger fold. 

What appears to be a subsidiary anticlinal fold or pair of folds 
occurs on the southwest flank of the ridge in secs. 32 and 33. In t!µs 
locality there is a distinct topographic bulging in the south slope, and 
the principal drainage line of this area follows a course that must be 
controlled by structural features in surface rocks. As shown by sur
face dips where exposures are good, .these flexures pass into structural 
terraces and finally die out completely farther east. . Their relations 
to the west are obscure, but the larger one may parallel Telegraph 
Canvon and be continuous with the minor anticline shown in the SE. 
~ s;c. 25. The latter fold, which is separated by a distinct syncline 
from the main axis of the Wheeler Ridge anticline, is a gentle flexure 
nnd appears to make a change in trend 'bf 60°, parallel to the curva-

. ture of the apparent Vaqueros-Tulare fault contact. 
Directly east of a north-south fault that lies about 800 feet·east of 

Telegraph Canyon is a very small anticlinal fold on the south limb 
of the major anticline. Another subsidiary anticline farther north, 
low down on the north flank of the ridge, holds a similar position 
with relation to this fault and is by far the most sharply flexed anti
cline of the Wheeler Ridge area. This fold parallels the main anti- . 
dinal axis and is probably related genetically to overturned beds '100 
to 800 feet farther east. 

A broad anticlinal nose occurs on the southwest flank of Wheeler 
Ridge, northeast of Telegraph Canyon. It plunges southwestward, 
and its relation to other subsidiary folds is obscure. 

A minor structural feature, presumably a small fold, occiy:s on the 
north flank near the east end of the ridge. It has the appearance of: 
a small but prominent anticlinal bulge with a topographic closure of 
about 10 feet. Pleistocene alluvium, deposited in old stream channels 
across this part of Wheeler Ridge, conceals actual structural condi
tions. Another minor feature of the eastern part of the ridge ap
pears as a structural terrace on the south limb of the anticline and 
is exposed in the east wall of the large gap in sec. 26. 

Faiiltim,g.-The rocks of Wheeler Ridge are broken by numerous 
small faults and by three faults of mappable magnitude. Two of 
these larger fractures are cross faults that strike approximately 
normal to the anticlinal axis, and the third is an oblique fault on the 
north limb of the major fold. All the faults appear to be of the . 
high-angle class, although in none of them is the fault plane actually 
exposed. · 
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. Of the ~wo larger . cross faults one is, in the eastern part of the 
ndge and is exposed m the west wall of the large gap that occupies 
part of sec. 26. · Westward tilting of the gravel beds near the axis 
on the west side ·Of the fault is . evidence of the character of the dis
placement. The east block, which contains the large wind gap, ap
parently has moved upward relative to the west ·block~ and possibly 

. this movement has occurred as a result of the erosion of an unusually 
large amount of surface material from the gap. The movement has 
permitted steeply dipping beds north of the axis on the east block t.o 

. rest against beds .of the west block that are only slightly -inclined 
toward the north and has resulted in what appears to be a displace
ment of the anticlinal axis; the axis of the east block seems to lie 
about 50 feet south of the axis on the opposite side of the fault. .As 
this fault does not expose Etchegoin strata, the total vertical dis
placement does not exceed 400 feet and may be considerably less. 

The second cross fault cuts the main axis in sec. 30, near the west 
end of Wheeler Ridge, just east o:( Telegraph Canyon. Here again 
strata west of the fault and north of the axis are tilted westward 
at an angle of aQout 22°. It is uncertain, however, whether this 
tilting was produced by horizontal or vertical movement. The move
ment has resulted in horizontal offset of the Tulare-Etchegoin con
tact of about 500 feet and a somewhat smaller offset of the anticlinal 
axis. Relative northward displacement of the east block has cer
tainly occurred, and this strong horizontal component may have been 
associated with uplift. 

The oblique fault on the north limb of the antic~e is in secs. 21 
and 22 and trends N. 80° E. It has resulted in a horizontal displace
ment parallel to the fault of about 500 feet, and a stratigraphic .dis
placement of about 250 feet. Whether movement along the fault has 
been vertjcal or horizontal is uncertain. In Coaloil Canyon Etche-: 
goin strata along a hypothetical straight-line extension of this fault 
are vertical and much distorted, a condition which suggests that this 
fault may be a more extensive feature than is indicated on . the 
geologic map. Lack of good exposures prevented the tracing of the 
fault farther than is shown. 

BURIED STRUCTURAL FEATURES NOB.'l'K OF TKE FOOTRILLS 

The size and structura;t character. of folds throughout the Sa.xi 
Emigdio foothills, ·especially along the northernmost edge, suggest 
that folding has actually extended farther north, beyond its present 
exposed limits·, and that structural features may be buried beneath the 
mantle of alluvium along the southern border of San Joaquin Valley. 
Partly buried folds, such as those of the Lost Hills and North Bel
ridge, are present under similar conditions farther north along the . 
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western border of the valley, and large anticlines, topographically 
more _prominent, occur in the Elk Hills and Buena Vista Hills only 
15 to 20 miles northwe5t of the San Emigdio foothi~s. It therefore 
seems not at all unreasonable to suspect that folds and possibly faults 
lie buried beneath the alluvium along the southern border of the 
valley, especially west of a line extended north from the mouth of 
Grapevine Canyon. 

One area north of the foothills bet~en Santiago Creek and San 
Emigdio Creek has been prospected by oil companies for years and ap
pears to be particularly promising for the presence of buried struc
tural features. As shown on Plate 31 this area occupies a structural 
reentrant in the · northern border of the foothills and lies eastward 
along the strike of the Pioneer anticline and Cienega syncline. (See 
pl. 41.) The well in sec. 28, T. 11 N., R. 22 W., drilled by the Stand
ard Oil Co. of . California, obtained cores of Pliocene rocks from 
depths of 2,384 to 3,670 feet that showed strata inclined 37° to 45° . 
:from the horizontal~ and one core indicated that the dip is to the 
north.76 Reliable evidence therefore shows that structural features 
occur beneath the alluvial cover of this area. 

With a single exception there appears to be no topographic fea
ture that suggests the presence of partly buried structural features 
in this area. This · exception, however, is particularly noteworthy 
and has been mentioned in an earlier published statement.76 It con
sists of an unusually sharp break in the profile of the alluvial fan of 
San Emigdio and associated creeks, a break whi~h is conspicuous 
topographically and which appears as a striking surface feature 
when viewed from the edge of the foothills. 

The character of the structural feature represented in a frag
mentary manner by these breaks in the slope of the alluvial plain 
is uncertain. The major feature in the northern edge of secs. 34 
and 35, which in effect is a prominent bulge in the slope of the 
alluvial plain, has a curving trend and a system of radiating con
sequent streams on its north and steeper slope, which suggest anti
clinal folding. If this is the case, the steep north slope should rep
resent the eroded north limb of the fold, the south limb being con
cealed beneath recent alluvial deposits. Another alternative is th.at 
this major feature is the result of faulting iilld that the area south 
of the steep north slope has been uplifted and may or may not repre
sent a southward-tilted fault block . 

... This Information is presented through the courtesy of Mr. G. c. Gester, chief geologist 
ot the Standard Oil Co. of California. .According to Mr. Geeter, a. survey was not made 
of the 'bore hole, and there may be some correction that should be made to the above
mentloned dips to account for devla tlon of the well from the vertical • 

... Oil posslbilltles at Comanche Point and near Wheeler Ridge, Calif.: U. S. Geol. Survey 
Press Memorandum 13338, March 28, 1927. 
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The signifi.canee of the · mmoi." topogt~phic break in the alluvial 
plain t to 2 miles farther northwest, in secS. 29 and so; is even more 
uncertain. It may have r~ulted from the same structural feat'1re 
that is reflected in the major topographic feature in secs~ 34 and 35. 

Structure sectfon C-C' (pl. 31) illustrates the .observed structural 
conditions in the foothills to the south and one possible interpreta
tion of the significance of the major topographic feature on the allu
vial plain. It seems probable to the writer that the Standard Oil 
Co.'s well penetrated beds dipping ··south. If an anticline is present 
with a south limb dipping on 11:n average of 45°, as indicated by the 
record of the Standard Oil Co.'s well in sec. 35, the 11orth limb is 
probably somewhat steeper and may be almost vertical. · 

Although further testing of this area will be hazardous, the wri'ter 
believes that the area warrants additional consideration. In view 
of the probable presence of an unconformity at the base of the 
Etchegoin and tQ.e varying thickness of the Etchegoin in this dis
trict, the depth of the top of the Maricopa can not be <forecast. It 
seems entirely possible that the Maricopa is within 5,000 feet of the 
surface. Production might be obtained at the top of this formation 
or at deeper horizons within it. 

The we...i::tward extension of this possible anticline, if drawn 
as a straight line~ would pass between the Associated Oil Co.'s well 
No. 2 in sec. 32 and the Milham Exploration Co. 's well No. 2 in sec. 
33, T. 11 N., R. 22 W. The altitudes of the .top of the "brown 
shale " (Maricopa shale) in these and other wells are shown in struc
ture section B-B' (pl. 31) and strongly suggest that a line of uplift 
lies in this general vicinity. The straight-line ·extension of this 
structural feature would appear to 'pass near the Milham Explora
tion Co. 's well No. 1 in sec. 32, and it is interesting to note in this 
connection that this well obtained more encouraging shows of oil than 
any other well in .this area. · . . · 

In view of the known .geologic ·history of this region it is only 
reasonable to conclude .that .this feature, itself practically a part of 
the recently deformed San Emigdio foothills, has resulted frol)l Qua~ 
ternary folding or possibly faulting in an area undergoing active 
alluviation. 

FAULTS 

Faulting has played an influential part in the structur~l develop
ment of the San Emigdio and Tehachapi foothills, partfoularly in 
the more intensely deformed San Emigdio .district, where the strati
graphic displacements along faults vary within wide limits and 
reach a maximum of more than 10,000 feet. Strike faults are the 
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general rule in the foothill belt west of Grapevine Canyon, but 
farther east cross faults approximarely normal to the strike of the 
rocks are more common. Unfortunarely the actual fault surfaces a.re 
nowhere well exposed, and as a result many questions concerning the 
character of these structural features must rem.a.in unanswered. 
Because of the rendency toward the northward overturning of all 
the numerous well-exposed folds of this region, the writer has cop.
eluded that this foothill belt has been deformed to a large degree by 
strong thrusts from the south. In conformity with this belief, it 
seems reasonable to conclude tentatively, on the basis of the facts 
presented below and the absence of additional data., that the strike 
faults ·are thrust faults and dip southward in the direction from 
which the thrusts have come. 

PLBITO FAULT 

The Pleito fault passes j"ust south of Wheeler Ridge, a.t the base of 
the Pleito Hills, trends in a general westerly direction, crosses San 
Emigdio Canyon a.bout 2 miles above its mouth, a.nd continues into 
the area of complicated folding farther west. Between San Emigdio 
Canyon and Santiago Creek the Pleito fault lies at the n~rthern base 
of a large isolated eastward-trending mass of granitic rock that forms 
the core of a major late Tertiary uplift. 

The Pleito fault is the most prominent single structural feature in 
the Tertiary rocks of the San Emigdio foothills. It not only cuts 
across the entire length of these foothills but has a maximum strati
graphic displacement of at least 10,000 feet. .A.long this fault the 
Tulare formation (upper Pliocene) near Wheeler Ridge dips be
neath Vaqueros and Maricopa. shale (lower and middle Miocene). 
Where this fa.ult crosses the ridge west of Pleitito Creek the Tulare 
is in contact with lower Vaqueros sandstone, whereas in the east wall 
of San Emigdio Canyon the upper part of the Etchegoin (lower, 
middle, and upper (?) Pliocene) abuts against Oligocene rocks. 

West of Pleitito Creek this fault has a comparatively straight 
course approximately parallel to the regional strike of the rocks, and 
probably in this part of the district it is a comparatively high angle 
fracture. In the east wall of San Emigdio Canyon the eroded and 
somewhat obscure fault contact, as viewed in the direction of strike, 
dips about 45° SSE. Between Pleitito and Pleito Creeks this fa.ult 
makes a decided curve to the northeast and, t.ogether with a branch 
fault, breaks squarely across and terminates the structural terrace 
which marks the eastward extension of the San Emigdio anticline. 
Farther east, between Pleito Creek and Wheeler Ridge, the contact 
between the faUlted formations follows a sinuous course across ridges 
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and valleys and undoubtedly dips south at a ve~y low angle, even 
as low as 10°. Unfortunately, however, -the soft Vaqueros shale .on 
the hanging wall contains no good exposures, a £act· that has re
sulted in considerable disagreement ~ to the steepness of this fault 
east of Pleito Creek. Some geologists are of the opinion that the 
pre.sent low-angle contact of Vaqueros shale and Tulare grayel is not 
the actual fault contact but has been produced by the slumping of 
Vaqueros shale from the upthrown block along a high-angle fault 77 ; 

others consider that the present low-angle contact represents the dip 
of the fault. Landslides are certainly common in this foothill belt, 
but there seems to be no evidence that landsliding or slumping has 
produced the present low-angle contact. Neither does it seem pos
sible to prove that the present areal distribution of formations along 
the contact is due entirely to faulting without slumping. However, 
in the west wall of the first large arroyo east 0£ Pleito Creek it seems 
certain that slumping has not occurred and that the contact between 
Vaqueros and Maricopa shale and Tulare gravel dips to the south 
at an angle that apparently can not be greater than 40° to 45°. The 
angle may be considerably less, for the contact at this locality is 
very obscure. · 

Whether faulting, without slumping, has been the sole cause of 
the present distribution of formations along the Pleito fault and west 
of El Rincon, there seem to be at least strong suggestions that the · 
fault is not one 0£ a very high angle, and from the broad curving 
trend east of Pleitito Creek and the strong evidence throughout this 
district for horizontal thrusts from the south the writer believes that 
the prominent lobe of Miocene sedimen~s south and southwest of 
·wbeeler Ridge represents one block . of a comparatively low angle 
thrust fault. The relation of this large lobe to the San Emigdio 
anticline suggests that horizontal thrusting along this fault has 
been most intense east of Pleitito Creek and that this thrusting 
has forced the large lobe of Miocene sediments to shear abruptly 
across the ~ructural terrace that constitutes the eastward extension 
of the San Emigdio anticline. 

FAUIJl'S ACBOBB LOWER MUDDY CREEK 

In the vicinity of lower Muddy Creek the San Emigdio anti
cline appears to be broken along or near its crest by a strike .fault 
that permits Maricopa shale on the north block to abut agains~ 
much deformed greenish-gray clay and sandstone of the Etchegoin 
formation. This fault, which is the most northern fault shown 
in structure section A-A' (pl. 31), is unusual in that the north 
block of Maricopa shale appears to be the upthrown block. The 

77 English, w. A., ornl communication. See also Cunningham, G. M., The Wheeler Ridge 
oll field : Am~ Assoc. Petroleum Geologists Bull., vol. 10, pp. 499-l:>OO, 1926. 
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only other possible explanation is that t¥s fault originated dur
ing a pre-Etchegoin _period of deformation and that at this time 
soft pre-Maricopa shale on the south block was upthrown against 
relatively hard Maricopa shale. The pre-Etchegoin erosion that 
followed may then have provided a basin south of the fault in 
which Etchegoin sediments were deposited and later deformed by 
post-Pliocene folding. 

Between this fault and the low topographic reentrant in middle 
Muddy Creek the structural ~eatures are obscure. The other fault 
shown in this area a short. distance south of the fault just described 
is doubtful, and additional faults not exposed may actually exist. 

FAULTS IN TECUYA CBElllK 

A small block of granite on the ridge west of Tecuya Creek has 
been thrust northward over all the Eocene sediments and has over
turned a considerable section of the Vaqueros formation (lower 
Miocene). (See structure section F-F', pl. 31.) This thrust fault 
crosses Tecuya Creek and from all indications passes eastward into a 
sharp overturned anticline that produces a pronounced bulge in the 
Tejon-V aqueros contact east of Tecuya Creek. 

Just east of. Tecuya Creek and south of the above-mentioned fault 
the Eocene sediments dip south toward the ·major mass of granite 
of the San Emigdio Mountains and must therefore be in fault 
contact with it. This fault may not extend west of Tecuya Creek 
but for purposes of illustration it has been projected into structure 
section F-F', Plate 31. This faulted relation may exist locally 
along the granite farther west in areas not covered by this investi
gation. It seems evident that the major crystalline mass of the 
San Emigdio Mountaihs forms a huge block which has been sharply 
uplifted and which locally is faulted and overthrust upon Tertiary 
sediments to the north. 

OBOBS FAULTS 

Recognized cross faults, other than those of Wheeler Ridge (see 
pp. 30&-307) and one fault across the western part of the Pleito 
syncline, are restricted to the Tehachapi foothills between Grape
vine Canyon and the Tejone ranch. It is true that the Pleito fault 
acts locally as a cross fault, but throughout most of its length this 
feature has no similarity to the cross faults of the Tehachapi 
foothills. 

Vaqueros deposits 2 miles east of the mouth of Grapevine Canyon 
are overturned and are offset along a fault that appears to trend 
N. 40° W. and to cut obliquely across their strik~. The relative 
movement of the southwest block along this fault has been to the 
northwest, and the offset measured parallel to the fault is 4,000 to 
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5,000 feet. The fault extends southeastwa.rd in.to the basement 
complex and terminates" . an isolated synclinal body of Eocene 
sediments. · , . . 

Another fault, apparently similar · in every essential respect to. the 
one just described, occurs 5 miles farther east-northeast, about 2 _ 
miles southwest of Tunis Creek. The trend of this fault is N. 55° 
to 60° W., and the relative displacement is in the same direction as 
on the cross fault farther west-that is, the southwest block has 
moved northwestward, and in this place the offset measured parallel 
to the fault is about 3,000 feet. Movement has ·dragged the massive 
beds of agglomerate on the northeast block so that they strike par
allel fo the fault and dip steeply to the northeast. 

Two small cross faults about 2,000 feet southwest of the last
mentioned fault strike northwest and produce a similar horizontal 
offset of approximately 100 feet each. . 

By way of Summary it may be said that the Tehachapi foothills 
are broken by several northwestward-trending cross faults, along 
each of which the relative movement of the southwest block has been 
to the northwest. This foothill belt, from east to west, has thus 
yielded progressively more and more to fault displacement, and it 
is to be particularly noted that this group· of cross faults, or shear 
zones, is associated with Tertiary deposits which, in addition, show 
unmistakable evidence of progressively greater deformation as they 
are traced from the Tejon ranch southwestward and westward into 
the San Emigdio foothills. (See geofogic map and structure sec
tions H-H', G- G', and F- F', pl. 31.) 

- FRACTURES IN TRE BASEKENT OOXPLEX 

Folds and faults in the Tertiary deposits of the San Emigdio
Tehachapi foothills are shown in Plate 41 without the confusing 
details that appear on the geologic map. This structure map also 
shows the streams of the high San Emigdio and Tehachapi Moun
tains, which have carved deep gorges across the basement complex 
and which, it is believed, offer some suggestion of the presence or 
absence of fractures within these crystalline rocks. 

1 These deep canyons show a striking tendency toward parallelism, 
all of them trending in a northwest direction parallel to the two 
known cross faults of the Tehachapi foothills. Another northwest
ward-trending fault has been mapped by Pack farther west, par
allel to and within San Emigdio Canyon. The suggestion is ob
vious that the crystalline rocks of the San Emigdio and Tehachapi 
Mountains are broken by a series of northwestward-trending frac
tures. There is abundant evidence in the Tertiary rocks farther 
north that this entire region has been subjected to strong thrusts 
from the south; knowledge of this thrusting and the relation of 
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these suggested fractures in the crystalline rocks to the San Andreas 
fault farther south make it appear probable that these fractures 
are potential shear zones developed in crystalline rocks north of 
the San Andreas fault as a result of thrusts originating farther 
south. 

It does not seem probable that much horizontal displacement has 
occurred along any one of these fractures, for they do not appear 
to offset the sediments farther north. They may be fractures with 
little or no displacement, but they appear to be sufficiently prominent 
to have held a striking control over the drainage pattern of the 
crystalline rocks. 

' TE.TON HILLS 

The Tejon Hills lie in the southeastern part of San Joaquin Valley 
and flank the south end of the Sierra Nevada. They are com
posed of Miocene and Pliocene beds that rest directly upon the 
gently sloping surface of the baseinent complex. As compared to 
the hills of the San Emigdio district they have a relatively simple 
structure, which consists essentially of a gentle tilting of the sedi
mentary rocks that in general assumes the form of a broad anti
clinal arch trending from the granite contact northwestward toward 
Comanche Point, the northwest extremity of the Tejon Hills. The 
topographically prominent granitic mass, or basement complex, east 
of the Tejon Hills is broken by faults that have displacements of 
several thousand feet, and. it seems highly probable that folding in 
the sedimentary rocks is genetically related to these and other associ
ated faults in the adjoining and underlying crystal~e basement. 

Jl!'AJOlt FAULTS OF THE BASEMENT COMPLEX 

WHITE WOLF FAULT 

The basement complex adjoining the Tejon Hills on the east and 
northeast forms a prominent westward protrusion of the Sierra 
Nevada, the western point of which lies 3 miles northeast of Coman
che Point and occupies what appears to be the corner of a huge 
rectangular block, whose sides extend to the northeast and to the 
southeast. The side that extends northeastward . from the north 
end of the Tejon Hills forms a scarp that abuts directly against the 
flat alluvial floor of San Joaquin Valley without the customary in
tervening belt of Tertiary deposits. This scarp, which is fairly 
straight and is coextensive with a broad trough in the granite 
through the White Wolf ranch, is, from all indications, the result 
of uplift of the granite along a major fault. Tfiis fault is commonly 
called the White Wolf fault. Distinct evidence of shearing may be 
found in the crystalline rocks near the alluvium boundary. As 
stated on pages 316-317, there is good reason to believe that the White 



GEOLOGY AND OIL, SOUTHERN SAN JOAQUIN VALLEY, CALIF. 315 

Wolf fault extends southwestward beyond the granite and cuts . ojf 
folded Tertiary beds at Comanche Point. Large-scale displacement 
is therefore believed to have occurred along this fracture as late 
as post-Chanac (post-Pliocene) time. This fault is probably a 
high-angle fracture, but whether it is a normal or reverse fault 
appears to be entirely a matter of conjecture. 

TE.JON CANYON FAULT 

East of the Tejon Hills the upper surface of this large uplifted 
granite block has a mature or old physiographic aspect, and this old 
surface extends to the very western edge of the block, where it over
looks Tejon Valley, 2,000 to 2,500 feet below. This surface is char
acterized by broad valleys and comparatively low subdued ridges, 
and it is in striking contrast to the bold southwestward-facing scarp 
that bounds this block on the southwest and forms the northeast wall 
of lower Tejon Canyon. This scarp, which trends northwestward, 
marks the upthrown side of another major fault, herein called the 
Tejon Canyon fault. 

The broad, shallow character and the orientation of Tejon Valley 
suggest that, prior to displacement along the Tejon Canyon fault, it 
was a part of that high series of old valleys farther northeast. 
Lawson78 has concluded that diastrophic movements, including large
scale faulting in some areas, have produced this series of old valleys, 
which he has called the Tehachapi Valley system. The record of 
Miocene and Pliocene sedimentation and volcanism preserved in the 
foothills adjoining Tejon Valley does not, however, appear to be 
present in the Cummings Valley area, northeast of the Tejon Canyon 
fault. Lawson 79 reports the presence of late Tertiary deposits, con
sisting of alluvium, andesitic lava flows and tuft's, and fresh-water 
lake beds, in the Tehachapi Valley and Cache Valley areas. J. P. 
Buwalda80 states .that basalt also occurs in the Tehachapi Valley dis
trict, and that this basalt may well be roughly equivalent to the basalts 
along the south end of San Joaquin Valley. These two areas have 
apparently had a different geologic history, but whether this is the 
result of pre-Miocene movement along the Tejon Canyon fault is 
uncertain. 

The maximum vertical displacement along this fault, to judge 
from the height of the scarp, is at least 2,000 feet near the mouth 
of Tejon Canyon.. As the fault is traced northwestward the scarp de
creases in height, and possibly the fault dies out within a few miles, 
although, as shown on Plate 31, it may be continuous with a similar 
northwestward-trending fault that cuts a<;ross the strike of the 

1s Lawson, A. c., The geomorphogeny of the Tehachapi Valley system: California Univ. 
Dept. Geology Bull., vol. 4, pp. 431.-462, 1906. 

•• Idem, pp. 439--445. 
80 Oral communication. 
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Tertiary formations ~ the north~astern .pa,rt 9f the Tejon. Wlls and, 
apparently terminates against 'the Wl).i~ Wolf fault. This major. 
northwestward-trending fault, or se,:i~ of faults, _is associated with 
a broad arching of the .basement complex near the . e.astern 'b<)rder 
of the Tejon Hills, an arching that passes benea,th the iate Tertiary 
sediments and has probal:!ly dir~ctly .for~ed the ·pr~ad but promine~t 
nortl;iwestward-plunging anticlinal nose in these sediments east .·of 
Comanche Creek. A northwest branch· of the Tejon Canyon fault 
may accompany this,arching in·. theJ).8$emEm.t complex and may. also 

. pass northwestward-.beneath the ~ sediments )to .join the White Wolf 
fault at Comanche Point, but,. wh.atever the nature of this disturbance 
in the basement complex, its. junction with the White Wolf fault .has, 
it seems, produced a prqminent .anticlinal fold at Comanche Point. 

· 'f FOLDS 

·The broad northwe5tward-'plunging anticlinal nose east of Co
manche Creek appears to be the major structural feature in the sedi
mentary roclrs ·of the Tejon Hills. It plunges· beneath Comanche 
Creek, west of which it rises again to form the incomplete anticline 
at Comanche Point. Several ·minor and gently flexed folds occur 
on the flanks of the hills and trend in a northerly or north-north
westerly direction. These minor folds are paralleled by numerous 
faults1 which are described· below. · , 

OOlU.NCHE POINT FoLD . .. 

A prominent anticlinal fold' ·occurs in the Miocene and Pliocene 
sediments at Comanche Point, in the northwestern part of the Tejon 
Hills. Owing to poor exposures in the w.estern edge of the hill$ the 
trend of this fold is difficult to determine, but it ·appears to curve 
from N. 60° W. to N. 85? W. The north and south limbs of the anti
cline commonly dip at angles between 10° and 35°, although steeper 
dips occur in the much jointed Miocene sediments of this fold and 
may be associated with -.minor faults that are not shown on the 
geologic map. · 

The Comanche Point fold plunges about 10° SE., toward Co
manche Creek, but there is no ·corresponding closure to the west, 
and it is apparent that this fold, or at least the exposed portion, is 
not a complete anticline; for. only·the eastern or southeastern part 
appears to be present. As shown by Plate 31 the two youngest for
mations, the Santa Margarita and the Chanac, are entirely absent on 
the northwest edge of the hills, along the axial part of the fold. 
Elsewhere in this district the Chanac formation, with its high content 
of coarse gravel, ·is coll?-paratively resistant to erosion, even though 
practically . without a hardening cement. Because of this fact, the 
recency cf the latest deformation, and the absence, now and prob
ably also in the past, of an unusually strong er~sive agent along 
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G..-anite '"d ; chi!tt 

Sediments--+ Comanche Creek 

A. TEJON HILLS AS SEEN FROM THE NORTH 

Note pro6lo of old physiogrnphic surface, which slopes gently westward from the granite toward Comanche Creek and which is now deeply incised by westward-dro.ining arroyos. 

B. PRODUCING OIL FJELD ON TOP OF WHEELER RIDGE 

Photograph reproduced by courtesy oC Standard Oil Co. of California. 
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the edge of the hills at this point, it is difficult to a<'count satisfac
torily for the apparent absence of the unexposed portion of this fold 
by the normal processes of erosion and deposition. It seems more 
probable that here_, as elsewhere in this part of California, the struc
ture !S closely related in form to the topography and that this fold 
is brok~ by a. fault along the northwest edge of Comanche Point
a fault that has permitted the Tejon Hills to be uplifted relative to 
San .Joaquin Valley. This probability is strengthened by the fact 
that the southwest extension of the White Wolf fault, if drawn as 
a straight line, cuts across the northwest edl?e of Comanche Point. 

The Comanche Point fold appears to be closely related to the 
plunging anticlinal arch east of Comanche Creek, and this arch i,n 
turn i!;! genetically related to the broad arching, or arching a·nd . . 
faulting, in the underlying basement complex. This northwestward
trending line of deformation may well have originated from stresses ·. 
along the Tejon Canyon fault, and the Comanche Point fold has 
probably developed in Tertiary beds at the intersection of this north
westward-trending arch with the White Wolf fault. 

MINOR FOLDS AND FAULTS 

There are several minor folds in the Miocene and Pliocene sedi
ments east and west of Comanche Creek, and most of them trend . 
northw:ard or northwestward. These features are small, and the 
anticlines show no indication of c:Wsed structure; the largest anti
cline, which plunges to the southeast, appears to strike directly into 
the main Comanche Point fold. (See pl. 41.) These minor folds 
are .closely associated with practically parallel faults, the largest 
of which has a curving northerly trend and appears to cut across the 
entire central part of the hills. The fault contacts are commonly 
obscure, but in most places there . are good indications that these 
faults are of the normal type and dip from 45° to 75°. The strati
graphic displacement may amount to several hundred feet along 
some of these faults. 

In the central part of the hills the distribution of the Chanac 
and Santa Margarita formations suggests the presence of a .south
westward-plunging anticlinal nose. Dip observations do not oppose 
this view, but this area is one in which faults are particularly abun
dant, and it seems at least possible that this apparent arching of 
the sediments has been produced entirely by faulting. 

PERIODS OF DEFORMATION 

The following table presents a summary of the geologic events in 
the southern border of San Joaquin Valley during the Tertiary 
period and shows their results in the localities affected. 

62338°~ 
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Summary <>f geoiogu) 'M.Btory during the Tertiar11 period, m the southern border 
of Sati Joaqwln Valley 

Character of diBS· I Time of occurrence I trophlsm Result I Localities affected I Remarks 

Widespread marine conditions north of the San Emigdlo and Tehachapi Mountains during Eocene and 
Oligocene time permitted the accumulation or several thousand feet of sandstone, conglomerate, and 
shale. Marine sedimentation was probably Interrupted at times by broad warping or the sea floor that 
produced erosional unconformitles but no known angular discordance. Early Tertiary sees appear to 
have extended progressively more and more into the southeastern part of San Joaquin Valley, resulting 
in successive overlaps. 

Gentle warping or Near beginning or Continental red beds San Emigdio root-
southern border Vaqueros (lower Intercalated with hills east or San No known Colding. 
or sea floor (?). Miocene). marine deposits. Emigdio Creek. 

Tilting; angular dis-
Tehachapi foot· 

During early Va- bills east or Pas-
Local uplllt. cordance or 15° with torla Creek and queros. overlying basalt. possibly else· 

where. 

Flows, Bl!lllomerates, 
San Emigdio and and nunor intro· 

Volcanism. D uring Vaqueros sions or andeslte, Tehachapi foot-
(lower Miocene). closely followed by bills west or 

like features or ba· TeJon ranch. 
salt, 

Marine sedimentation or sandstone, conglomerate, clay shale, and siliceous shale during remainder or 
lower and middle Miocene). 

Uplllt and folding 
Probably at end Muddy Creek 

or Marlco~a and Prominent Colds that 
of sea floor. before anta bad dips of 5° to 35°. area; Tejon 

Margarita. Hills. 

Marine sedimentation of Santa Margarita, Jacalitos, and Etchegoln sandstone, conglomerate, and shale, 
conformably overlain by continental deposits mentioned below. This sedimentation was'in part slmul· 
taneous with next described uplift. 

Progressive develop-
ment or extensive r,....... ... 

Uplift of San Emig- From late Mi<>- coarse alluvial-{>lain T&Jon H!lls. Pliocene. · 
cene throughout deposits in adjoining Only in Tulare dio and Teha- much of Pll<>- low-lying districts. San Emigdio foot- and upper Etch&-chapi Mountains. cene. Occurrence or Marl· h!lls. goln iil area of cops shale rr:;nts exposed rocks. In upper E oln 

formation. 

Alluvial-plain and lacustrine deposits (Cbanac and Tulare formations) laid down during abov&-descrlbed 
upl!Ct of near-by mountains were themselves deformed near end of Pliocene time or early in Pleistocene 
time by dlastrophism described below. 

Upl!Ct, foldlnfa and 
Caultlnfi of o foot-

Pronounced uplift hill be t and exten· By far the most 

and deformation End of Pliocene or sion or this deformed Entire southern pronounced pe-

or border or San early Pleisto- bel t northward . border of San rlod of deforms-
Joaquin Valley. cene. Intense deformation Joaquin Valley. t!on in Cen020ic 

of Tulare, Chanac, time. 
and older forms-
tions. 

Development during Pleistocene time, of a mature physiograpblc surface over this foothill belt, with 
broad allu;;!ated stream valleys and extensive alluvial rans along the northern border of the foothills. 

Bodily uplift or foot- Probably the en· 
hill belt, rejuvena- tire southern P robably second In 

Renewed ~lift and End of Pl els to- tion or streams, de- border or San Importance. Al-
defonna on. cene. velopment of el&- Joaquin Valier;, luvial fans tilted vated stream ter- but particular y 45° to 65°. races, and tilting of San Emigdio 

alluvial rans, foothills. 

Developm&nt or extensive coarse alluvial-plain deposits in late Quaternary time, probably with minor 
intermittent periods of uplift. 
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It seems probable that the. high mountain areas immediately· south 
of the San Emigdio and Tehachapi foothills underw~t numerous 
uplifts during the Tertiary that are not mentioned in the above · 
table-uplifts which did not deform the depositional basin to the 
north but which produced marked ohanges in the character of ac
cumulating sediments. Such an uplift of the mountains might be 
postulated to account for the abrupt appearance of a coarse basal 
conglomerate at the base of the Maricopa shale in the ·p1eito Hills. 

PHYSIOGRAPHY IN RELATION TO STRUCTURE 

The last epoch in the geologic history of the southern border of 
San Joaquin Valley, but particularly of the San Emigdio foothills
that epoch in which the present land forms were developed:__is one 
during which remarkable effects have been produced. This result 
has been attained principally because the last extensive deformation 
was a comparatively recent event and caused the development of 
youthful physiographic features in striking contrast to those which 
existed prior to this deformation and which still remain in frag
mentary form throughout the foothill belt. 

Back from the steep and deeply incised front of the San Emigdio 
foothills, both east and west of San Emigdio Creek, lie remnants 
of an earlier and much more mature physiographic surface. 
(See pls. 38, B, and 48.) The hill slope$, where untouched by the 
present system of drainage, are subdued and rounded and are asso
ciated with broad, flat alluvial stretches that cover considerable areas 
in the high parts of the hills north · of the · granite and between 
Santiago and Pleitito Creeks. These broad alluvial areas extend 
laterally to the very brinks of the ·deep canyons of · San Emigdio, 
Los Lobos, and Santiago Creeks, where they form stream terraces 
from 100 to 400 feet above the canyon bottoms. (See pl. 38, B.) 
In interstream areas, particularly between. Santiago and San 
Emigdio Canyons, these broad alluvial flats and the associated sub
dued hill slopes remain practically untouched by the youthful north
ward-draining canyons that are consequent upon the ·recent uplift of 
this foothill belt. Along San Emigdio Creek this Pleistocene al
luvium extends in high terraces to the very mouth of the canyon, 
where it is continuous with old alluvial-fan deposits that are now 
tilted 25° to 90° N. 

Smaller remnants of this more mature physiographic surface of 
the Pleistocene occur farther east, even as far as the Pleito Hills and 
Wheeler Ridge. The small valley along the Pleito syncline, at the 
very top.of the Pleito Hills, is filled with an accumulation of coarse 
Pleistocene stream material, and the north slope of the Pleito Hills, 
just south of Wheeler Ridge, certainly has the appearance of a 



320 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1929, PART II 

physiographically old surface ilow tilted northward and deeply 
incised by youthful canyons of the present drainage system. It 
seems probable, however, that the slumping and flowing of the soft 
Vaqueros clay shale has aided materially in the development of this 
smooth northward-sloping surface of the · Pleito Hills, which so 
resembles a tilted peneplain. 

The topographic form of Wheeler Ridge and its relation to stream 
drainage is particularly worthy of note. Its form, as seen in profile, 
is well illustrated in Plate 42, B, and the stream drainage of Wheeler 
Ridge and the adjoining area appears in Plate 45. In Plate 42, B, 
an unusually large gap appears in the eastern part of the ridge, and 
less prominent and higher gaps may be seen both to the east and. 
to the west. Except for the easternmost indistinct gap shown in 
this picture, none of these gaps are occupied by streams, but their 
character and relations to present drainage force the conclusion that 
all of them have been ca.rved by streams that flowed at one time 
across Wheeler Ridge from the south. 

After extensive alluvial fans had been deve)oped in this district 
during the later part of the Pliocene, the Wheeler Ridge anticline 
began to emerge from the floor of San Joaquin Valley, near the 
foot of a steep belt of foothills. This · post-Pliocene deformation 
that produced the earliest Wheeler Ridge folding was only a part 
of more widespread diastrophism that affected the entire San 
Emigdio Mountains. This up)ift probably resulted in increasing 
the activity of streams and in extending this increased activity for 
greater distances out over the alluvial plain from which Wheeler 
Ridge was beginning to rise. From the presence of numerous wind 
gaps along the crest of this ridge- gaps which because of their 
broad, flat-bottomed form and their lack of eroding streams can not 
be attributed to the present cycle of erosion-it is evident that some 
of the Pleistocene streams were successful for a time in maintaining 
their courses across this gradually growing anticlinal ridge. At a 
lat~r time, however, the increased growth of the ridge forced these 
streams to abandon their channels, so that I!OW al,]. the major streams, 
on approaching Wheeler Ridge from the south, swing abruptly to 
the east or to the west in. their attempt to avoid this prominent and 
comparatively recent obstruction. 

Plate 45 shows these major streams in heavy lines and in the 
same way shows two large northward-draining streams in the cen
tral part of Wheeler Ridge, each ·of which has a broad, flat unoc
cupied stream gap at its head. The western of these two streams 
heads near the southern edge of thEt ridge, follows Coaloil Canyon, 
and flows directly across the axis of anticlinal fo)ding. The eastern 
stream also heads several hundred feet south of the anticlinal ans. 
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The Pleistocene stream which carved the gap at its head and which 
continued across Wheeler Ridge may have laid down the elevated 
terrace deposits on the north flank of the ridge. (See pl. 39, .A.) 

The f9regoing evidence supports the belief that the prominent wind 
gaps along .the crest of Wheeler Ridge were carved by streams that 
once flowed across the ridge from the south. It seems probable that 
these streams antedated the anticlinal folding of Wheeler Ridge, but 
the evidence is not conclusive. There remains the possibility that 
these gaps are the work of streams that were superimposed upon an 
overthrust mass of Miocene shale that may have overridden Wheeler 
Ridge subsequent to the earliest anticlinal folding. Whether thrust
ing along the .Pleito fault occurred before, during, or after the 
Wheeler Ridge folding, and whether the displacement was of a nature 
to permit the overriding of this ridge, has not been determined. 

As a result of events during the Quaternary period, Wheeler Ridge 
stands out as a remarkable physiographic feature. Its present form 
is the result of pronounced anticlirial folding and accompanying 
erosion. Uplift by folding occurred intermittently, but its surface 
expression bas been partially counteracted by the work of streams 
and other erosive agents. Stream erosion no doubt bas been assisted 
materially by the degrading work of winds, but such wind action 
has left no record that is easily recognizable. Lowering of the ridge 
by erosion of streams and winds has not kept pace with uplift, which 
apparently is still active, but it has restrained the topographic expres
sion of the anticline to the extent that the topographic relief is only 

· about half the structural relief. 
In the northern part of the Tejon Hills an old Pleistocene physio

graphic surface extends westward from the granite toward Comanche 
Creek. (See pl. 46, A.) It is now tilted westward at a gentle angle 
and appears to be arched, thus tending to conform to the major struc
ture of this part of the hills. Intermittent streams that head in the 
granite to the east and flow westward into Comanche Creek have 
cut deeply into this tilted plain of sedimentary rocks but have left 
fairly broad boulder-covered interstream areas practically untouched. 

In conclusion, there is abundant physiographic evidence along the 
entire southern and southeastern borders of San Joaquin Valley for 
the belief that this part of California has experienced in compara
tively recent time a notable regional uplift, which is arbitrarily as
signed to the end of the Pleistocene epoch. This uplift has rejuve
nated preexisting streams, has produced striking changes in drainage, 
and has resulted in many new consequent streams, the combined 
effects of which have tended to destroy an earlier, more mature 
topography. 
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PETROLEUM 

GENERAL CONSIDERATIONS 

The southern part of San Joaquin Valley contains some of the 
most extensive and productive oil fields of the world. The Midway
Sunset and Buena Vista Hills-Elk Hills districts lie near the south
west corner and extend northward along the western border of this 
great valley; the Kern River oil field is situated along the eastern 
border of the valley only 35 miles from its south end. 

The area studied in this investigation, which is situated along the 
southern border of San Joaquin Valley, lies between and near th es~ 
rich prodµcing areas and occupies a similar physiographic position 
with reference to the broad synclinal structure of the valley, the 
deeply buried strata of which are probably the source beds ·of much 
of the oil that is being produced along its border. These relations 
have been responsible for much speculation concerning the possi
bilities of obtaining oil in this more southern district and have led 
to much detailed geologic investigation and drilling by the oil com
panies of California. Additional encouragement is found in the 
presence, in the San Emigdio district, of rock formations similar 
to those associated with the producing beds in the Sunset-Midway 
oil field. It is evident, however, as previously stated in this report 
(p. 303), that the exposed structural conditions in the San Emigdio 
district are very complex and with few exceptions are difficult to in
terpret as being favorable for the accumulation of large quantities of 
oil. Wheeler Ridge is the only area which, before production was 
obtained, could have been said to be highly promising as possible oil
producing territory, and this area has been yielding oil since 1923. 
The Wheeler Ridge oil field and other areas worthy of consideration 
along the southern border of the valley are described below. 

ORIGIN OF THE- OIL 

For a number of years geologists have considered that much of the 
oil produced in California has been derived from the middle Miocene 
organic shales of the Monterey group, a group that includes the lower 
part of the Maricopa shale. of the southern and southwestern parts 
of San Joaquin Valley. Many have been equally certain that the 
fossil diatoms and foraminifers, but particularly the diatoms, con
tained in these shales either yielded oil by biochemical action or pro
vided the organic substance from which most of the oil has been 
distilled. That the shales of the Monterey group contain an abun
dance of the remains of diatoms and foraminifers there is not the least 
doubt, but it is as yet uncertain that these organisms, of all the detri
tal substances present, represent the principal or most likely source 
of material for the development of large quantities of oil. In addition 
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to these small diatom tests and foraminifer shells, without apparent 
organic substance, there is present in much of the shale a large 
quantity of truly organic debris that, under favorable conditions 
may have provided equally suitable if not more suitable material for 
the slow process of oil distillation. 

In a previous paper 81 attention has been called to the presence in 
the Wheeler Ridge oil field of about 2,000 feet of Miocene sediments 
(Maricopa and Santa Margarita ( ~) shale) that contain considerable 
true oil shale-shale which has no free oil but which yields oil on 
heating. Thin sections of this oil shale reveal the presence of much 
dark-brown disseminated organic matter, most of which occurs in 
discontinuous bands or laminations. In this material David White 
has identified fragmentary spore cases and algal remains, and a few 
Foraminifera are scattered throughout some of the slides, but in all 
of them diatoms are either absent or very scarce. This shale was 
estimated to yield a maximum of at least 30 gallons of oil to the ton 
of rock. The subsurface beds that contain the oil shale were pene
trated and cored by the Midland Oilfields Co.'s well on the north 
flank of Wheeler Ridge and were the only beds in the well from 
which shows of oil and gas were reported. The most striking relation 
appears, however, when it is noted that the beds that contain oil 
shale are stratigraphically equivalent to most of the Qil-producing 
zones of the Wheeler Ridge oil field, only 1,000 feet south of the 
Midland Oilfields Co. 's well. If oil shale will yield petroleum under 
existing conditions, as is suggested by the experiments of McCoy 82 

and Trager,83 there is good reason to consider oil shale as a possible 
source for much of the oil produced at Wheeler Ridge and possibly in 
other fields of California. 

Takahashi 84 has studied the organic content of marine muds, of 
marine shales in the oil fields of Japan, and of the diatomaceous 
shale of the Monterey group of California and has concluded that 
most of the oil in Japan and California has been derived not from 
diatoms but from the large quantities of organic debris which accumu
lated in the marine muds but which, because of its lack of hard parts, 
is not preserved as fossils. These conclusions are worthy of serious 
consideration. The solution of the problem of the origin of the 
California oil requires the presentation of many detailed facts con
cerning the character of organic matter present in and stratigraphi
cally near oil-producing zones. 

81 Hoots, H. W., Oil shale In a producing oil field of California : U. S. Geo!. Survey 
Prof. Paper 154, pp. 171-173, 1928. 

82 McCoy, A. W: .. Notes on the principles of oil accumulation: Jour. Geology, vol. 27, 
pp. 25~262, 1919. 

83 Trager, E. A., Kerogen and I~ r elation to the origin of oil: Am. Assoc. Petroleum 
Geologists Bull., vol. 8, pp. 301-311, 1924 . 

.. Takahashi, J. R., Preliminary report on tile origin of California petroleum : Econ. 
Geology, vol, 22, pp. 13&-~.57, 1927. 
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WHEELER RIDGE OIL FIELD 

HISTORY 8 G 

As early a.s 1910 Ralph Arnold and Robert AJtderson recognized in 
Wheeler Ridge possibilities of a future oil field and recommended 
its early exploitation. The first well to test the area for oil was 
drilled in 1914 by the Henderson Oil & pevelopment Co.; it was 
located in the prominent gap in the eastern part of the ridge, ·near 
the center of sec. 26. The well was abandoned at a depth of , 2,920 
feet without encountering·.:a · showingi of_ -oil. Another . weU:iwas 
drilled in this same gap in 1921 by the Standard Oil Co; ofCalifoim.ia 
bU:t was finalJy abandoned at a depth of 5,130 feet after unsuccessrul 
tests f<>r production had been made at several different horizons. 

In 1922 the Standard OiLCo. of California began another well 2 
miles farther west, in the NE. 14 sec. 28, in the central and highest 
part of the ridge. This, the discovery well of the field, was com
pleted at a depth of 2,185 feet and in January, 1923; was . placed on 
production1 with an initial daily output of 323 barrels of oil that 
tested 25.8° Baume . . Well No. 2 was drilled to a depth of 2,503 .feet 
to test the productivity of deeper beds and was completed with an 
initial daily production of 231 barrels. More extensive drilling by 
the Standard Oil Co. and the General Petroleum Corporation· has 
developed the present field, which, although small, has been a fairly 
steady producer. (See pls. 46, B, and 47.) 

PRODUCTI°6N 

Prior to January 1, 1927, Wheeler Ridge had produced a total of 
1,192,445 barrels of oil. 86 After the first well was placed on the 
pump in January, 1923, the production increased to a monthly out
put of 33,704 barrels in October, 1924. In March, 1925, 30,138 bar
rels of oil was produced from 16 wells, an average of 63 barrels a· 
well a day. The average daily production of individual wells for 
this month ranged from 150 barrels for No. 14, in the eastern edge 
of the field, which was drilled during the preceding three months, 
to 17 barrels for No. 10, a recently deepened well in the northern edge 
of the producing area. (See fig. 9.) The record of highest initial 
production in the field-333 barrels of oil a day-belongs to No. 9, 
a deep well drilled near the highest part of the anticline. Within 
three months the production of this well declined to 186 barrels 
daily, and in nine months it was only 75 barrels. From March,)~25, 

•In preparing this short outline of the history of development reference has been made 
to a report by C. L. Kaiser, Summary of operations of California oil fields, vol. 9, No. 12, 
p. 25, California State Mining Bureau, 1924. • 

ae OU Weekly, Feb. 18, 1927, p. 130; amount compiled from data furnished by ,Federal 
an!l State bureaus, the American Peti:oleum Institute, and the -Independent 011 Producers 
Agency. 
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AIRPLANE VIEW LOOKING SOUTHEASTWARD ALONG THE AXIS OF THE WHEELER RIDGE ANTICLINE 

Showing Lhe soulhern border of Sau Joaquin Valley easl of Sall Creek. Phologruph by H . A. Erickson. 

BULLETIN 812 PLATE 47 
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AIRPLANE VIEW OF THE SOUTHERN BORDER OF SAN JOAQUIN VALLEY FROM SAN EMIGDIO CANYON TO COALOIL CANYON 

Looking 110ut.hwcstwurd acr°"" t ho Sao Emigdio foothlU., wh<>11e northern edge is t.rcnched by deep, youthful canyons. l'botogruph by H. A. Erickaou. 
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until February, 1927, the production of the entire field remained at : 
about 1,000 barrels a day, but in order to maintain this production 
it was necessary to increase the number of wells from 16 to 26 ; the 
daily average production per well decreased, in the two years, from 
63 barrels to less than 40 barrels. The total production to Janu
ary 1, 1929, was 1,809,722 barrels. In February, 1929, the field pro-· 
duced 746 barrels of oil daily from 32 wells, which is a daily pro
duction of 23~ barrels per well. 

The production to May, 1927, was limited to a small area in the 
central part of Wheeler Ridge. The first wells were drilled in the 
NE. ¥.!,·sec. 28, but the producing field at that date extended eastward 
and included much of the NW. 14 sec. 27. Two wells drilled out
side of the producing area never produced oil and were abandoned;· 
one was drilled by the Midland Oilfields Co. (Ltd.) high on the 

. north flank of the anticline, and the other was drilled by the Tejon-
1 Kern Petroleum Co. on the south limb of the anticline. The wells of 

the General Petroleum Corporation in the NW. ¥.!, sec. 28 and the 
No. 11 well of the Standard Oil Co. (see structure section, pl. 44) 
have been abandoned after yielding a comparatively small amount 
of·oil. 

The structure section (pl. 44) shows the distribution of oil-pro
ducing beds in wells that are probably representative of the field. 
Generally speaking, production is obtained from two. zones, ail upper 
and a lower, although there is no distinct line of separation between 
them. In the logs of some wells oil shows and some gas shows are 
recorded as scattered throughout the stratigraphic interval between 
the two zones and for several hundred feet above the1 shallower zone. 
The beds that cqntain tpese uppermost oil .shows, which lie at depths 
of 1,500 to 1,700 feet near the axis of the anticline, have been called 
the " tar zone." 87 

.At present most of the wells of the field are producing from the 
upper zone, those located in the higher part of the anticline at depths 
of 2,100 to 2,700 feet. NOS. 2, 9, and 15 of the Standard Oil Co. are 
obtaining oil from the lower zone at depths of 3,200 to 4,000 feet . 
.According to Kaiser 88 a gas pressure of 500 pounds to the square 
inch accompanied the comparatively large initial production of No. 9. 
The present development ~dicates that the lower producing zone 
will not be as long lived as the upper zone, although the wells of the 
lower zone have initial yields comparable to the best of those of the 
upper zone. 

Figure 9 shows the probable subsurface structure of the produ~ing 
area. The production of individual wells is apparently not con
trolled entirely by structural height, although this factor probably 

.., Kaiser, C. L., op. cit., p. 26. 18 Idem, p. 21>. 
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more than any other will ultimately limit production to a relatively 
small area along the axis of the anticline. The oil sands appear to 
be discontinuous and can not be correlated as individual beds from 
well to well. In some wells they are much more abundant than in 
others, and in some wells the quantity and life of production are 
directly proportional to their number. 

Although lenticular strata and variation in texture and degree of 
cementation ·in subsurface strata apparently affect the character of 
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FIGUREI 9.-Mnp showing probable subsurtnce structure of Wheeler Ridge producing e.rea, 
Calif. Contour lines show distance below sea level of approximate top of upper produc
ing zone ; contour interval, 50 feet. 

production in the Wheeler Ridge wells, it seems probable that 
crooked· holes and lack of standardized usage for stratigraphic de
scriptions among drillers account for much of the apparent lateral 
variation in individual beds. Coring in some of the later wells 
drilled in 1927 and 1928 provided reliable evidence of lateral varia
tion of beds and gave little encouragement for detailed subsurface 
correlations. 

The gravity of the oil produced ranges from 21.3° to 31.5° Baume. 
In general the lighter oils come from wells nearer the axial part of 
the anticline. All wells producing oil lighter than 24.7° Baume 
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occur above the -250-foot contour line, and, with the exception of 
No. 8, wells of heavier oil are lower structurally. These statements, 
howevE>r, are based on records of production up to March, 1925, and 
apply only to wells in the NE. 1,4 sec. 28. 

PROBABLE ULTIMATE LIMITS OF PRODUOING A.BEA 

The western, northern, and southeastern edges of the producing 
area have been determined by oil wells that produced only small 
quantities of oil and have been abandoned. It seems probable that 
six or eight additional locations south of the anticlinal axis in the 
eastern part of sec. 28 and the western part of sec. 27 (see fig. 9) 
and about an equal number along and on both sides of the axis in 
the north-central part of sec. 27 will provide oil wells with fair pro
duction if development is continued. Present production is d~clin
ing at a fairly rapid rate, and it is doubtful if additional wells fin-
ished in the present producing horizons will pay. · 

Well No. 36, near the axis in the eastern edge of sec. 28, drilled to 
test the productivity of deeper horizons, encountered an oil zone at 
4,367-4,477 feet which contained a high quantity of light oil and 
which was estimated to be capable of producing about 40 barrels a 
day. Drilling is being continued at aoout 4,600 feet, and, should a 
highly productive light-oil zone be encountered, the Wheeler Ridge 
oil field would undergo considerable additional development. 

OTHER AREAS POSSIBLY CONTAINING PETROLEUM 

Wheeler Ridge is at present the only oil-producing area along the 
southern border of San Joaquin Valley, and it may be that no addi
tional productive areas will be found. There are two conditions 
that tend. to prevent the occurrence of additional oil pools within this 
belt, one of which is the complexity of structure in the Tertiary rocks 
of the foothill belt, and the other is the broad mantle of alluvium 
north of the foothills, which; except in a single locality, apparently 
conceals all trace of other structural features that may and probably 
do exist in the southern part of San Joaquin Valley. 

Because of these two conditions there appear to be no areas within 
this belt that hold highly encouraging prospects of becoming future 
oil fields. Three areas, however, appear worthy of consideration, 
and at least two of them, the writer believes, warrant the drilling of 
test wells when market conditions demand additional production . 
.Attention has been called to these areas in a previously published 
statement.89 From west to east they are (1) a partly buried struc
tural feature, possibly an anticline, 1 mile northwest of the mouth of 

so Oil possibilities at Comanche Point and near Wheeler Ridge, Call!. : U. S. Geo!. Survey 
Press Memorandum 13338, Mar. 28, 1927. 
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San Emigdio Canyon, near the north line of secs. 34 and 45, T. 11 
N., R. 22 W.; (2) the structural terrace which forms the eastern 
extension of the San Emigdio anticline, near Pleitito· Creek; and 
(3) the Tejon Hills. 

PARTLY BURIED STRUCTURAL FEATUI!IE NEAR :MOUTH 'OF SAN EHIGDIO 

CANYON 

GENERAL OllARA.CTER 

The character and probable structural significance of the unusually 
sharp break in the alluvial plain along the north line of secs. 34 and 
35, T. 11 N., R. 22 W., are considered on pages 308-309. The abun
dance of prominent eastward-trending folds and faults in near-by 
exposed strata and the presence of steeply dipping rocks where wells 
have cored subsurface beds in this district furnish evidence in favor 
of anticlinal folding or faulting in this vicinity. It is difficult to 
interpret satisfactorily the significance of the unusual topographic 
features there; in the writer's opinion the available evidence of 
structure on this alluvial plain may be reasonably interpreted as the 
expression of either folding or faulting. There appears to be no 
worth-while evidence tending to disprove either interpretation. 

If the features in question are the topographic expression of anti
clinal folding, it seems probable, from the form of the larger feature 
and the intensely deformed character of the folds exposed south of 
this area in the northern edge of the San Emigdio foothills, that the 
hypothetical buried anticline in secs. 34 and 35 is itself sharply flexed, 
perhaps too sharply to contain commercial quantities of oil or gas 
and be favorable for exploitation. The structural character of this 
feature might be satisfactorily determined, in advance of deep drill
ing, from data obtained from shallow core test wells. Structure sec
tion G-C' (pl. 31) presents one possible interpretation of the avail
able data. 

The Standard Oil Co. of California drilled a well in 1928-29 near 
the center of the E . ~ sec. 35 to test the oil possibilities of the larger 
topographic feature. The well passed through the Tulare-Etchegoin 
contact at about 2,400 feet, encountered dips of 30° to 60°; and was 
abandoned without showings of oil or gas in what is probably Etche
goin at a depth of 3,782 feet. In view of the decreasing angle of dip 
toward the bottom of this well, it would have been interesting to see 
what results would have been obtained by this well at greater depths. 

INDICATIONS OF TRE PRESENCE OF OIL AND CONCLUSIONS 

An asphalt seep occurs near the southeast corner of sec. 5, T. 10 N., 
R. 22 W., in Little Muddy Creek, due south of the Standard Oil 
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Co.'s well. Here heavy oil is slowly oozing from the unconformable 
contact of the Maricopa and Etchegoin formations a~d has im
pregnated the upper 50 feet of the Maricopa shale. This general 
horizon of unconformity has yielded shows of oil or oil and gas in 
several of the wells shown on the accompanying geologic map of 
this district. In some of these wells, at least, the oil has been tarlike, 
with low specific gravity. 

At deeper horizons in some wells other shows of oil and gas have 
been encountered within or below the Maricopa shale, usually in 
beds recorded as sandstone. In some wells this oil is authentically 
reported to have been of greenish color and of comparatively high 
specific gravity. 

The writer believes that the economic possibilities warrant care
ful investigation of this alluvial area between the Pioneer. anticline 
on the west and the alluvial fan of San Emigdio Creek on the east. 
Existing data suggest that a buried anticline may be present, and 
there are encouraging indications of oil in the San Emigdio district 
at stratigraphic horizons that should be within reach of the drill 
along the axis of this or any other possible fold in the southern 
third of T. 11 N., R. 22 W. Folds farther north also may have 
elevated the Maricopa shale to accessible depths. The thickhesses 
of the Etchegoin and Maricopa shale probably differ considerably 
from place to place throughout the district, owing to the uncon
formity between these formations and known irregularities of deposi
tion. It may be possible at structurally high points in the south
eastern part of T. 11 N., R. 22 W., to drill through the entire 
Maricopa shale and test porous strata in the upper part of the 
Vaqueros formation. 

EASTERN PART OF SAN EMIGDIO ANTICLINE 

.Along the lower part of Pleitito Creek and farther west the beds . 
are steeply tilted. The Saii Emigdio anticline, a sharp overturned 
fold with its axis in soft clay shale of the Etchegoin formation, 
marks the trend of a major uplift along the .northern edge of the 
San Emigdio foothills, west of Pleitito Creek. (See pls. 31 and 41.) 
East of San Emigdio Canyon this fold plunges to the west and, 
toward the east, follows a curving trend and passes into a struc
tural terrace toward Pleitito Creek and continues to a point just 
east of Pleitito Creek, where it terminates abruptly against a south
ward-dipping fault. It seems reasonable that oil in commercial 
quantities should have migrated at some time from beneath San 
Joaquin Valley into this highly deformed anticline, but even though 
the fold is sharp and broken by a fault there are no oil seeps be
tween Pleitito Creek and San E~igdio Canyon to suggest that oil 
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has escaped from rock strata in this vicinity. Possibly oil has ac
cumulated in the eastern part of this fold and against the fault that 
terminates it on the east and breaks across it in the neighborhood 
of its highest structural part. 

Because of the complex overturning of this fold it belongs to that 
class of structural features generally considered to be unfavorable 
for exploitation and the retention of large amounts of petroleum, 
but nevertheless it seems to deserve some consideration. (See sec
tion D-D', pl. 31.) This anticline may pass downward into an 
eastward-trending thrust fault, against which oil, migrating from 
beneath San Joaquin Valley, may have accumulated. Even though 
this condition prevails at considerable depth, the accumulation of 
oil alon:g the Maricopa-Etchegoin contact and at deeper horizons 
may have been controlled entirely by structural terracing against 
the fault on the south that is shown on Plate 31. 

The Union Oil Co. undertook to test this area in 1928. The first 
well (see location on pl. 31) drilled through Etchegoin strata 
to the bottom of the hole at 2,335 feet and encountered dips of 
25° at 470 feet and 13° at 560 feet, slickensided beds from 560 to 
670 feet, and dips of 65° to 80° from 600 to 2,335 feet. This well 
was abandoned because of steep dips. The second well is 1,000 
feet south of the first and in May, 1929, had reached 2,963 feet 
in Maricopa shale. Dips of 70° to 90° were encountered in this 
well from 1,500 to 1,838 feet and of .10° to 30° between 1,838 and 
2,963 feet. At the base of the Etchegoin 34 feet of thoroughly 
saturated tar sand was encountered between 2,631 arid 2,665 feet, 
directly above the Maricopa shale. 

One condition that may have prevented large quantities of oil 
from reaching the San Emigdio anticline is the possible existence 
of a thrust fault hidden along the northern edge of the foothills 
beneath Quaternary alluvium and landslides. Should such a fault 
be present, for which there is some theoretical evidence, oil has 
possibly accumulated at favorable localities north of the fault, 
instead of along the San Emigdio anticline. 

TEJON IDLLS 

Two areas in the Tejon Hills are worthy of consideration for 
the possible production of small quantities of petroleum. One of 
these areas is on the anticline at Comanche Point, in the extreme 
northwestern part of the hills, and the other is along Tejon Creek 
in the central part of the hills. 

The general structural character of the Comanche Point anti
cline is discussed on pages 316-317. Although two wells have been 
drilled in this vicinity-the Comanche Point Oil Co.'s well and 
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W. W. Stabler's well, both within 2,000 feet of the axis of this 
fold-no adequate test of the anticline has yet been made. 

The well drilled by the Globe Petroleum Corporation just west of 
the central part of the Tejon Hills is near a feature that appears to be 
an anticlinal nose plunging southwestward beneath San Joaquin 
Valley. It is probable, however, that the structural relations in this 
vicinity have not been produced by simple folding; it seems more 
likely that this apparent anticlinal nose is the result, to a large de
gree, of displacement along the southern extensions of faults that 
are exposed near the top of the Tejon Hills 1¥2 miles northeast of the 
Globe well. 

Shows of gas or of both oil and gas have been encountered by the 
four deep wells already drilled in this district. (See pl. 31.) One 
well, drilled by the Globe Petroleum Corporation, obtained strong 
shows of both oil and gas and during the summer of 1926 was pro
Q.ucing more than enough gas to run a large four-cylinder motor used 
to pump irrigation water from this same well. Shale that carries 
organic material, foraminiferal limestone, and fossiliferous sand
stone, all of Miocene age, crop out at or east of Comanche Point, but 
no oil seeps were found. Escape of oil along faults may never have 
occurred. Oil in commercial quantity is possibly present and may 
have accumulated in an anticline or against one or more faults, under 
structural conditions favorable for satisfactory exploitation. Sandy 
sediments of the Miocene of this district are considered to be a shore 
phase, possibly equivalent to the shale that carries organic material 
farther west beneath San Joaquin Valley. Miocene strata of approxi
mately the same age are producing oil in the Poso Creek district, 30 
miles farther north. · 

Although it does not seem probable that the Tejon Hills will ever 
produce large quantities of oil, the Comanche Point anticline and 
the area near Tejon Creek and northeast of the Globe Petroleum 
Corporation well are believed to be worthy of consideration for small 
yields. If a wel.l is drilled to test the Comanche Point anticline it 
should be located on the axis of the fold 800 to 1,000 feet east of the 
hypothetical extension of the White Wolf fault, near the center of 
the N. ¥2 sec. 23, T. 32 S., R. 29 E. This partial anticline may 
terminate abruptly against the White Wolf fault, near the north
west edge of the hills, but it may continue farther west beneath San 
Joaquin Valley. 

It is difficult to rate satisfactorily the chances for success at 
Comanche Point. It seems that the fold here may combine with 
the White Wolf fault to form closed structure east of the fault. 
Oil may exist in the basal Miocene sandstone in this fold, or it may 
have escaped across the fault into adjoining porous strata, or it may 
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never have entered the anticline. Testing this deeply eroded fold 
should be comparatively inexpensive, for granite presumably would 
be encountered within 3,000 feet of the surface. Farther west the 
structural conditions are not known. If it were certain that the 
White Wolf fault exists as illustrated and that anticlinal folding 
extends west of it into San Joaquin Valley, the structural conditions 
might be considered favorable and probably would warrant the 
drilling of at least one deep well. 

Before a test well is -µndertaken in the alluvium-covered area west 
of Comanche Point it seems advisable for those interested to attempt 
to obtain reliable data concerning the actual presence of an anticline, 
a partial anticline, a westward-plunging anticlina1 nose, or other 
favorable structural conditions in this locality. Three or more 
shallow core-drilL holes systematically located near the presumed 
extension of folding 1,000 to 1,500 feet west of the edge of the hills 
at Comanche Point may yield structural, mineralogic, and micro-. 
paleontologic evidence of the presence or absence of folding beneath 
the a1luvium. In advance of such testing it can only be said that 
the exposed structural conditions suggest that anticlinal folding may 
but does not necessarily continue west of Comanche Point. 

The Globe Petroleum Corporation's well near Tejon Creek found 
encouraging shows of oil and gas. Possibly a we11 ha.If to three
quarters of a. mile northeast of the Globe well, near Tejon Creek and 
west of the largest of the above-mentioned faults, might obtain a 
small quantity of oil. However, because of the irregularities of 
structure and the apparent absence of a closed anticlinal fold in this 
vicinity, together with the unknown effect that faulting has had upon 
the accumulation of oil and gas, driHing another well would be 
accompanied by considerable risk. Near Tejon Creek in this locality 
granite is probably within 3,000 feet of the surface. 
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