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GEOLOGY AND OIL RESOURCES OF TH‘E
SANTA MARIA OIL DISTRICT, SANTA
BARBARA COUNTY, CAL.

By Raveu Ar~orLp and ROBERT ANDERSON.

INTRODUCTION.
PURPOSE OF THIS REPORT.

During the last three years the region near the Pacific coast in the
northern part of Santa Barbara County, Cal., has shown promise of
becoming one of the most productive oil fields of the West, if not of
the whole United States. The developed fields lie on the low, rolling
hills between the Santa Maria and Lompoc valleys, where the oil has
accumulated in great abundance in the Monterey shale, of middle
Tertiary age, which underlies this region. The lightness of the oil,
which averages from 25° to 27° Baumé, and the great productiveness
of the wells, which yield as high as 3,000 barrels a day, with an
average of 300 to 400 barrels, are among the features for which the
district has become noted. Large areas in the same general region
as the productive fields have been known for some time to be analo-
gous, so far as surface evidence went, to the proved territory, and it
was thought that geologic investigations of the region might furnish
valuable information and aid in the extension of developments.
Accordingly, with the purpose of studying the occurrence of the oil,
the extent and structure of the oil-bearing formations, and their rela-
tions to associated formations, the writers carried on the field work
leading to the present report during the summer and autumn of
1906. The geology of the region covered by the accompanying geo-
logic map (Pl. I, in pocket) has not been completely studied in all
parts. Between the San Rafael and Santa Ynez ranges it has been
worked with considerable detail, but the mapping of the mountainous
regions has been more in the nature of a reconnaissance outside of
the areas of the Monterey formation.

A preliminary paper containing the features of this report most,
immediately pertinent to the oil developments and an outline map
has been published as Bulletin No. 317 of the United States Geolog-

ical Survey.
9
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PREVIOUS KNOWLEDGE OF THE GEOLOGY.

Little attention has been given heretofore to the geology of the
Santa Maria district. The earliest work was done by Thomas Anti-
sell, with the assistance of observations by Albert H. Campbell,in
the course of the explorations and surveys for the Pacific Railroad

a The geology of Point Sal: Bull. Dept. Geol., Univ, California, vol. 2, 1896, pp. 1-92.
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in the early fifties.* In the report on this work the larger topo-
graphic features were well described, the presence of asphaltic rocks
was briefly noted, and the Tertiary age of most of the sedimentary
rocks was recognized, but the structural features and the relations of
the rocks were in the main misinterpreted.

During the course of the geological survey of California by J. D.
Wh1t,ney a hasty reconnaissance was made. of a part of this region.®
He says in his report:

The region to the west of the San Rafael Range, between the Santa Ynez and Cuya-
mas rivers, was cursorily examined by our party. * * * The region is occupied
by hills of moderate height. No metamorphic rock was seen; but pebbles of serpen-
tine and metamorphic sandstone were noticed, especially for 3 or 4 miles north -
of Alamo Pintado. * * * These hills were covered with gravel derived from the
bituminous slates. At times, especially near the Santa Maria River, the hills were
capped by a modern horizontal deposit (post-Pliocene?). The underlying rock,
when seen, was the bituminous slate, sometimes dipping to the north a,nd sometimes
to the south.

Near Foxen’s, on the south side of the valley, there were hills of nearly horizontal
strata from 200 to 300 feet high, the north slopes of which were very steep, usually
about 35°. Beneath the soft sandstone, which made up the principal part of these,
hills, was a stratum of infusorial rock resembling chalk in appearance, exceedingly
light, its specific gravity not being more than 0.6 or 0.7; the thickness of this stratum
was over 20 feet. The age of this formation is not yet definitely ascertained.

North of the valley, at Foxen’s, the bituminous slate occurs with a high dip to the
north, and asphaltum is found in several localities near. In places the slates are
altered and silicified, sometimes resembling semiopal in appearance the finest lami-

nz of the original structure being preserved.

So far as the writers are aware no further investigation of the geol-
ogy of the region was made until H. W. Fairbanks made examina-
tions of portions of the Coast Ranges and reported on them for the
State mining. bureau in 1894. In his paper on the ‘“Geology of
northern Ventura, Santa Barbara, San Luis Obispo, Monterey, and
San Benito counties’”’ reference is made ¢ to the region under discus-
sion, especially to the Santa Ynez Mountains. Regarding the Santa
Ynez Range he says: “It is formed, so far as is known, of Miocene
rocks exclusively.” And again:

There can be no doubt that the main portion of the Santa Ynez Range is Miocene
with a general anticlinal structure, well shown in the San Marcos Pass. The center
of the anticlinal is not generally the highest portion of the range, but lies on the east-
ernslope. The normal type of anticlinal structure is also marked by an east and west
compression, producing features, however, of secondary importance.

As viewed from the south at various points the range consists of heavy-bedded sand-
stone, dipping at a high angle to the south. * * * At the western end, in the vicin-
ity of Point Arguello, no anticlinal structure is apparent, but steeply inclined and

broken strata. Asphaltum is found in many places near the sea from Point Arguello
to Ventura County.

a Pacific R. R. Repts., vol. 7, 1857, Chaps. VIII, IX, and X.
b Geological Survey of California, Geology, vol. 1, 1865, pp. 135-138.
¢ Twelfth Ann. Rept. California State Mining Bureau, 1894, pp.-498-506.
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The present writers are in agreement with these statements except °

as regards- the exclusively Miocene age of the rocks, a large part of
which are here considered as Eocene. On page 505 of Fairbanks’s
article he speaks of ‘‘shales and sandstones of undoubted Cretaceous
age’’ between Gaviota Pass and Santa Ynez River, in the hills which
in the present paper are considered as part of the Santa Ynez Range.
In the very short time spent in this locality the present writers
found no evidence of the presénce of Cretaceous rocks.

A number of asphalt deposits in northern Santa Barbara County
are described on pages .30 to 33 of the twelfth annual report of the
State mineralogist, cited above. The localities mentioned are on
the Los Alamos grant, 44 miles north of Harris station; along the
northern slope of the hills bordering the Santa Maria Valley, 10 miles
southeast of Santa Maria; about 2 miles northeast of the Purisima
Mission; along the southern slope of the hills between the Los Ala-
mos and Santa Ynez valleys (Purisima Hills), especially on the San
Carlos de Jonata grant; and in poorer and less known deposits at
Gaviota Landing, at Point Arguello, near the mouth of Canada
Honda, and at other points toward Lompoc Landing. Seepages
out of the bituminous ‘‘slate’ (shale) series are mentioned as occur-
ring in the canyon of the Sisquog, about in the center of the Sisquoc
grant, along Labrea Creek, and near the west end of the Tinaquaic
grant. '

By far the best observations recorded up to 1896 regarding the
geology of this region were those of H. W. Fairbanks, published in
his paper on thé ““Geology of Point Sal.”’¢ He gives a detailed de-
scription of the igneous and sedimentary formations occurring at
the seaward end of the hills, termed in the present report the Cas-
malia Hills. Inspeaking of the even summit line of the Point Sal Ridge

he says:

The regularity is due, in part at least, to the fact that the strata on the summit are -

nearly flat and composed of the resistant Miocene flints, while on the southern slope
the bituminous shales are followed in descending order by a great thickness of gypsif-
erous clays, in which broad valleys have been eroded. Lower down toward the
ocean the clays are replaced by strata of volcanic ash, sandstone, and conglomerate,
in which, because of their greater resistance, canyons have beex eroded. The strata
of volcanic ash form very striking features in the landscape on the lower slopes of the
ridge; being interbedded with soft clays they weather out in cliffs and projecting
ridges.

In outlining the geology of the region of Point Sal Rldge Fair-

banks says:

The region about the point itself has been the scene of many violent disturbances
and repeated eruptions of basic magmas. A part of these consolidated as surface
flows, while others have the characters of deep-seated rocks.

The sedimentary strata comprise only the Pleistocene, Miocene, and Knoxville.
# % ¥ The Miocene is the most extensive formation represented. * * * Tt is

o Bull. Dept. Geology Univ. California, vol. 2, No. 1, 1896, pp. 1-92.
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divisible into two distinct parts—the upper, the bituminous shales, and the lower,
the gypsiferous clays. Below the clays are sandstone, shales, and conglomerates
resting on the gabbro and serpentine. * * * The strata of volcanic ash appear in
the lower Miocene beds. There are three distinct horizons, the lowest resting on the
gabbro. '

The igneous rocks are treated in especial detail in this paper and
a very good description is given of the hituminous shales. The con-
clusions of the present writers are in agreement with the statements
above quoted and the others contained in Fairbanks’s paper.

In 1901 George H. Eldridge gave an admirable general outline
of the topography and geology of the country surrounding the
Santa Maria field in his treatise on ‘“The asphalt and bituminous-
rock deposits of the United States,” and discussed in detail its asphalt
deposits.c He says:

The geology of the region embraces an underlying series of folded Monterey shale
of both the soft and more organic material and that which is hard and siliceous, but
the former predominates. So far as observed by the writer this series of beds was
not exposed at any point in its entirety. Overlying the Monterey unconformably,
and especially developed in La Graciosa Hills, is the heavy and extensive deposit of
Pliocene sands, grits, and conglomerate already referred to. The composition of the
later deposit is chieflty quartzose. _

Eldridge “ observed a prevailing central fold somewhat to the north
of the topographic axis of the ridge” south of Waldorf, in the Cas-
malia Hills, this being no doubt the fold described in the present report
as the Schumann anticline. He says further:

The Pliocene * * * gshows a less degree of folding than the underlying Mon-
terey, yet the movement that produced the pre-Pliocene ridge has apparently been
continued subsequent to the deposition of the materials of this age, for gentle dips
of from 2° to 10° are to be observed in the later forimation. :

In discussing the country east of Los Alamos, between the San
Rafael Range and the Santa Ynez Valley, which he calls the Los
Alamos region, Eldridge says:

In structure the Los Alamos region presents a series of folds which are in general
coincident with the topographic ridgesand valleys. * * ¥ TItisworthy of note that
the valleys of the region under consideration for the most part occupy the synclinal
troughs. It is possible that some of them also occupy fault lines. * * * The gen-
eral trend of the folds for the Los Alamos district, and indeed for a great stretch of coun-
try beyond, is N. 70° to 80° W., the dips being north and south. Excepting in their
trend, however, there is but little regularity in the disposition of the folds, and their
axes, hoth longitudinal and transverse, vary greatly in length. In addition to the
main and conspicuous folding that has heen described, there are frequent crumples
of minor importance.

In another place Eldridge mentions a lens of limestone included
in the serpentine in a high bluff just north of Alamo Pintado Creek,
along the-old beach line where the Fernando was deposited upon the
Franciscan at the base of the San Rafael Mountains. This lime-

aTwenty-second Ann. Rept. U. 8. Geol. Survey, pt. 1, 1901, pp. 424-441,
1784—DBull. 522—07——2
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stone was composed largely of Pliocene shells, as determined by
- Doctor Dall. Eldridge remarks: “In view of the supposed age of
the serpentine, it is thought that the deposit was formed by the
accumulation of sediment and shells in a crevice of the older rocks
.at the time they perhaps formed the sea bluffs.” '

The same writer published a brief summary of his knowledge con-
cerning the Santa Maria district in 1903.%

The San Luis folio,> by H. W. Fairbanks, issued in 1904, contains
much that relates to the district in general, although it pertains
directly only to the part containing the Arroyo Grande field. It
is the most comprehensive report concerning the northwestern
part of the Santa Maria district yet published.

The present writers have -published two papers concerning the
geology and economic resources of the Santa Maria district. The
first is entitled ““Diatomaceous deposits of northern Santa Barbara
County, Cal.,”¢ and the second ‘‘Preliminary report on the Santa
Maria oil district, Santa Barbara County, Cal.”¢ A third paper
treating more in detail the burning of the shale is ‘“Metamorphism
by combustion of the hydrocarbons in the oil-bearing shale of
California,” to be published in the Journal of Geology. ‘

EARLY HISTORY OF THE DISTRICT.

The Santa Maria district was up to 1899 entirely unknown as an
oil-producing territory. To Messrs. McKay and Mulholland, of Los
Angeles, is due the credit for starting operations in the Santa Maria
field proper. After a favorable report had been made by M.
Mulholland on certain lands of the Careaga ranch, the Western Union
Oil Company was organized, drilled three prospect holes, and was
finally rewarded in August, 1901, by striking paying quantities of
oil in the third well. In 1902 the Pinal Oil Company, of Santa Maria,
began operations on the north side of Graciosa Ridge, and meeting
with marked success was followed by the many other companies
that have since undertaken operations in this field.

Successful wells were drilled in the Lompoc field in 1904, and since
that time the further development of this part of the district has
been assured. A later field to attract attention is that adjacent
to the town of Arroyo Grande, where development is well under way,
being stimulated by the completion of the successful Tiber well
No. 1 late in 1905. Prospecting is now (January, 1907) going
forward in the Huasna field east of the Arroyo Grande field, and the
operators there confidently expect to develop productive wells.

aContributions to economic geology, 1902: Bull. U. 8. Geol. Survey No. 213, 1903, p. 313.
b Geologic Atlas U. 8., folio 101, U. 8. Geol. Survey. 1904.

¢Bull. U. 8. Geol Survey No. 315, 1907, pp. 438-447. )

dBull. U. 8. Geol. Survey No. 317, 1907, pp. 1-69, 2 pls,, 1 fig.
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GEOGRAPHY AND TOPOGRAPHY.
LOCATION.

The region discussed in this paper is situated on the California coast
in Santa Barbara County, between 120° and 120° 40" west longitude
and 34° 30’ and 35° north latitude. In areal extent it is about 1,300
- square miles and it practically covers the Lompoc and Guadalupe
quadrangles as topographically. mapped by the United States Geo-
logical Survey. It includes portions of the San Rafael and Santa
Ynez divisions of the Coast Ranges and the basin region lying between
them, which is occupied by the Santa Maria, Los Alamos, and Santa
Ynez valleys and the intervening hill ranges. It is bordered on the
north by the San Luis Obispo County line, on the west and south by
the Pacific Ocean, and on the east by the Santa Ynez quadrangle,
which covers the-high, wild mountains north of Santa Barbara. On
its west.coast are Point Sal and Point Arguello, and the south coast
includes Point Conception and part of the long, straight shore line
that runs due east from that point toward Santa Barbara. These are
.among the most prominent coastal features of California.

The region is thoroughly intersected by roads, except in some of
the uninhabited portions. . The Southern Pacific Railroad coast line,
part of the transcontinental system, extends close to the ocean entirely
around two sides of the area, and the Pacific Coast Railroad, a local
line from Port Harford and San Luis Obispo, runs into the region as
far as Los Olivos via Santa Maria. A rough estimate would place
the number of inhabitants of this region between 5,000 and 10,000.

The Arroyo Grande and Huasna oil fields, in the San Luis quad-
rangle, San Luis Obispo County, are also briefly mentioned, although
not a part of the region whose general features are described in this
report.

DEFINITIONS OF PLACE NAMES,

The following list defines certain place names as used on the map
and in this report. The two main mountain ranges have heretofore
been indefinitely designated The other names are newly applied.

The only land comprised within the Guadalupe quadrangle is the
narrow strip of coast west of longitude 120° 30" W. The Lompoc
quadrangle covers the rest of the area shown on the map east of that
line.

The San Rafael Mountains include the whole group between Santa
Ynez and Cuyama rivers.

The Santa Ynez Mountains 1nclude the whole range east of Point
Arguello between Santa Ynez River and the ocean.
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The Casmalia Hills include the group extending from the coast at
Point Sal to Graciosa and Harris canyons and San Antonio Valley.

The Solomon Hills lie between the Santa Maria Valley, Foxen
Canyon, and the Los Alamos Valley, and between Divide and La
Zaca Creek. _

The Purisima Hills lie between Lompoc, the Santa Rita Valley, and
the Santa Ynez Valley on the south and the Los Alamos Valley on
the north, and between Burton Mesa on the west and Alamo Pintado -
Creek on the east.

The Santa Rita Hills lie between the Santa Ynez and Santa tha
valleys, extending from a point east of Lompoc nearly to the east
edge of the Santa Rosa.grant.

The name San Antomo terrace is applied to the wide terraced region
" between Casmalia and the west end of the Los Alamos Valley.

The Lompoc terrace is the plateau-like region of hills extending
from the coast a distance of about 5 miles east from Honda and the
same distance southeast from Surf.
~ In 1896 H. W. Fairbanks used the names ‘“Point Sal Ridge” for
the axis of the hills between Mount Lospe and Point Sal, and ‘ Lions
Head”- for a high, rugged mass of serpentine on the coast south of
Point Sal. These features are so named here.

RELIEF,
GENERAL STATEMENT.

The general character of the region covered by the Lompoc and
Guadalupe quadrangles is that of a triangular hilly basin opening
out toward the coast between two divergent ranges of mountains—the
San Rafael Range in the northeast portion of the area and the Santa
Ynez Range bordering it on the south. At the east edge of the area
mapped these ranges are divided only by the valley of Santa Ynez
River and the foothills north of it. Farther west the distance between
them grows to 30 miles or more. The region situated in this angle is
primarily a basin, owing its character and the details of its structure
to its position between these ranges. This basin region, its struc-
tute, and its oil deposits form the principal subjects-of discussion in
the present paper.

Two lines of hills and three valleys occupy thls trough between the
two main ranges, radiating like the intermediate ribs of a fan between
the lines that bound them. The more northerly of the two lines of
hills is that of the Solomon and Casmalia hills, which are separated
from the San Rafael Mountains by the wide valley of Santa Maria
River. The more southerly is the range of the Purisima Hills, which
is separated from the Santa Ynez Mountains by Santa Ynez River.
These two lines of hills are themselves divided by Los Alamos Valley.

i
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They are topographically and structurally young ranges, except the
Casmalia Hills, at the extremity of the northern line, whlch have the
charactcr of a separate and old range.

SAN RAFAEL MOUNTAINS.

The most prominent topographic feature is the great mass of the
San Rafael Mountains on the northeast and east, 25 to 30 miles
back from the ocean. The structural trend of the range is N. 50° W.,
approximately parallel with the general course of the lines of struc-
ture in California, although on the whole more westerly. The range
runs obliquely to the north-south coast line west of it, but farther
north, where the Santa Lucia Range, its northward continuation,
approaches the ocean the coast curves to the northwest under, the
control of the mountains.

Although the portion of the San Rafael Range included within
the area shown on Pl I (pocket) composes a high, rugged maze of
ridges reaching elevations that range between 2,000 and 4,300 feet,
this portion is in the 1arger aspect, but subsidary to the main moun-
tain group farther east, in which altitudes approaching 9,000 feet
are attained. The rldges are divided by steep canyons, most of which
cut transversely across the formations regardless of the folding and
structural lines. Rounded soil-covered slopes form a considerable
portion of the part of this range included in the Lompoc quad-
rangle, but rough, rocky slopes are likewise abundant. The range
is traversed centrally by the well-graded canyon of Sisquoc River,
which divides it into two mountain groups. On the south and north
the range is bounded by wider graded valleys—those of Santa Ynez
and Cuyama rivers. The Santa Ynez divides two distinct ranges.
The Cuyama forms a more arbitrary division in the Coast Ranges
Near its mouth, at the point where it reaches the area included in
the accompanying map, it veers to the south and cuts a narrow gorge
across the San Rafael Mountains without regard to the structure.
The range may be regarded as continuous across this portion of the
river.

Within the triangular area mapped the high ridges and mountains
around Zaca Lake, Bone Mountain, Tepusquet Peak, and Los Coches
Mountain are boldly defined, with steep side slopes descending into
narrow canyons, and as a rule rounded summits. The broad ridge
originating north of Los Coches Mountain and extending southeast-
ward to North Fork of Labrea Creek, where its character is tem-
porarily lost until it appears again in Manzanita Mountain, is a
striking feature with its long southwestern and abrupt northeastern
slopes. The seaward flanks of the range terminate rather abruptly
in the terraces bordering the Santa Maria Valley.
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SANTA YNEZ MOUNTAINS.

The Santa Ynez Mountains form a long, narrow range bordering
the Santa Barbara Channel and bounded on the north by the westward
" flowing Santa Ynez River. The trend of the range is east and west

and has determined the unusual direction taken by the coast south
of it. The range is about 9 miles in average width and contains two
lengthwise zones. The southern zone comprises a ridge with remark-
ably even sky line, which rises directly from the sea. This ridge
increases in height toward the east from an elevation of 1,000 feet
at Point Conception to 3,800 feet east of Refugio Pass and more
beyond the boundary of the area mapped. At Point Conception
- the coast bends abruptly to the northwest around the end of this
ridge, but north of Jalama Creek a similar ridge, that of the mountain
El Tranquillon, follows the -coast as far as Point Arguello, where the
shore bends again abruptly and assumes a northward course. The
second zone lies between these .two coast ridges and Santa Ynez
River. It has more the nature of a foothill region, forming a partly
individual range of hills and ridges separated from the coastal ridge
by longitudinal valleys. The average slope from the summit of the
range down to the sea is at an angle of 20° to 30°. In places the
angle is less, but on some individual slopes it is greater. The width
of the range on the north of the summit ridge is greater and the-slope
more gentle and more broken than on the southern abrupt slope to
the sea. Viewed from the ocean on the south the range has the
appearance of a steep, even-topped breastwork; from the north it
appears as a belt of discontinuous hills and ridges grouped in front
of and almost hiding the long culminating ridge. The Santa Ynez
Range forms the most prominent elbow on the California coast.

The topography of this range reflects the structure more than
does that of the San Rafael Mountains, and deformation within it
does not appear to have gone so far.

In the high mountainous region east of the area mapped, north
of Santa Barbara and south of the south end of the great central
valley of California, centering at Mount Pinos, lies the point of con-
vergence of all the ranges of mountains in thls part of California—
the Santa Ynez Range coming in from the west; the San Rafael
Range from the northwest; the Santa Lucia and San Jose ranges
from the country north of Cuyama River; the Mount Diablo Range,
or easternmost member of the Coast Ranges, from still farther north
of west; the Tehachapi Range, running southwestward from the .
south end of the Sierra Nevada; and the San Gabriel Range, which
comes from the southeast as the continuation of the Coast Ranges
in southern California. Here the northwest-southeast lines of

- structure, dominant throughout the major part of the State, are met



GEOGRAPHY AND TOPOGRAPHY. 19

and opposed by the east-west structure of the Santa Ynez Range,
and the result is this convergence of ranges with the consequent
formation of a high, structurally complex region. The Lompoc
quadrangle is on the western outskirts of this region, and the lines
of relief corresponding to the two lines of structure are here begin-
ning to diverge and show their individuality in the two bounding
ranges. '
SANTA MARIA VALLEY.

Santa Maria River; which takes its rise in two profound valleys
within the San Rafael Range, flows along the foot of this range at
the north edge of the Santa Maria Valley. This valley is a wide
flood plain with an even cultivated floor, surrounded by low terraces
that fringe the base of the mountains on the northeast and rise into
the Solomon Hills on the south. It opens out to the sea and forms
the southern part of the low region lying between Pismo Beach in
San Luis Obispo County and the Casmalia Hills.

CASMALIA HILLS.

The most prominent feature of the landscape south of the Santa
Maria Valley is a long ridge with a level sky line running northwest-
ward out to the ocean at Point Sal. This is the high ridge of the Cas-
malia Hills, which rises abruptly from the Santa Maria Valley. Its
highest point is Mount Lospe, 1,624 feet above the sea. The slope
up to this ridge from the valley on the northeast is steep, but on the
north the rise is more gradual over wide slopes of dune sand. On
‘the southeast the ridge declines as it approaches Schumann Pass
the low divide over which the railroad crosses from the Santa Maria
Valley to Schumann Canyon; on the south it forks into successive
ridges which slope gradually into-terraced hilltops bordering Schu-
mann Canyon; on the west it drops off abruptly into steep, rocky
declivities that fringe the sea in the neighborhood of Point Sal. The
ridges continue southeastward opposite Schumann Pass as far as
Graciosa Canyon, where they sink under more recent sand formations
and lose their character. South of Schumann Canyon the terraced
slope continues in the San Antonio terrace as a wide plateau locally
intersected by sharply defined U-shaped canyons. The Casmalia
Hills, particularly that portion north of Schumann Canyon, have a
distinct individuality among the topographic features of the basin
region, and may be regarded as a separate although small range
allied in age and character with the bounding ranges. It is conform-
able in trend with the San Rafael Mountains and forms a prominent
headland jutting out to sea.

Most of the ridges in these hills follow the strike of the beds.
Their summits are characteristically of gentle incline; the side slopes
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range from gentle to fairly steep, being in many places determined
by the dip. Pl IX, 4 (p. 80) shows excellent examples of the strike
ridges, dip slopes, and even sky lines of these hills. The ridges di-
verging from Mount Lospe are given prominence by the hard flint of
which they are formed, and the sharp outlines of the slopes along the
coast southward from Point Sal are caused by the resistant igneous
rocks there exposed.

South of the Casmalia Hills the sea has cut into soft formations
and along structural lines, so as to leave the Point Sal Ridge jutting
out as a promontory. The same is true on a smaller scale south of
Purisima Point, the seaward extension of Burton Mesa, and south
of the west end of the Santa Ynez Range. The coast north of each of
these headlands runs northward, with only a gentle curve away from
the point, until the indentation south of the next range is reached.
The east-west coast lines follow structural features; the north-south
lines truncate them. TFaults are not concerned in any of the north- -
south features along this part of the coast.

North of the Casmalia Hills the coast forms a straight north-south
line bordering the lowland that opens.out at the mouth of the Santa
Maria Valley as far as the deep indentation at the base of the San
Luis Range, which exhibits the best example of this type of coastal
structure. The latter range lies in the San Luis quadrangle and has
been described in the folio covering that region.

SOLOMON HILLS.

Although the Casmalia Hills drop into insignificance in the vicinity
of Graciosa and Harris canyons, their general line of topographic
relief continues with a more easterly course toward the San Rafael
Mountains, the whole being in fact a spur of this range. The Solo-
mon Hills are a group of low, rolling hills covering a wide area between
the Santa Maria and Los Alamos valleys. From a distance the area
looks like an undulating plateau sloping away on all sides except the
east to wide, slightly inclined or flat valleys. -

The features of the topography of the Solomon Hills are shown
i Pl. XTI (p. 98). From a point near at hand the individual hills
and valleys of irregular round and square forms assume bold outlines.
The angular slope of hills capped with low-dipping beds of sand and
having steep, squarish flanks is very characteristic of the region.
Many ridges have fairly flat summits, which slope gently, with a long,
even sky line, and are due to surface cappings of sand hardened by iron
oxide. Such a capping has in places the appearance of a resistant
bed forming the ridge top and determining the slope by its low dip.

Mount Solomon has an elevation of 1,338 feet and other peaks rise

aGeologic Atlas U. S, folio 101, U. S. Geol. Survey, 1904.
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as high as 1,600 feet. A common height for summits in these hills
is 1,200 feet.

Wide, shallow, filled valleys between the rolling summits are char-
acteristic of the Solomon Hills, the soft valley filling being as a rule
sharply cut along a meandering course by a miniature stream gorge
that has been rapidly eroded. Many of these recent channels are
deeper than they are wide. In the vicinity of La Zaca Creek on the
east the Solomon Hills merge with these foothills, and the general
topographic features are continued in them. The Solomon Hills
owe their low.outlines largely to their structural development rather
than to their topographic maturity. It has been an area of building
up as well as of wearing away, and the original topography, which
reflected characteristically the folds of the sedimentary formations,
has been obscured by further deposition and by the filling of valleys,
in addition to alteration by erosion.

LOS ALAMOS VALLEY.

The incline of the Solomon Hills on the south is gradual down to
the Los Alamos Valley. This valley extends from the region where
the Solomon and Purisima hills coalesce in the foothills of the San
Rafael Range a distance of about 27 miles to the coast, in a direction
about N. 75° W. This, it will be noted, is much more westerly
than the trend of the Santa Maria Valley. The Los Alamos Valley
separates the two basin ranges—the Solomon and Purisima hills—
and is a drainage feature of them alone. The average altitude at the
summit of its watershed is from 1,000 to 1,300 feet; and the highest
elevation that the watershed reaches anywhere is less than 2,000 feet.
All the water from the higher surrounding regions that drains into
the Santa Maria basin' region escapes either into the Santa Maria
Valley on the north or the Santa Ynez Valley on the south.

PURISIMA HILLS.

The second of the two hill ranges is that of the Purisima Hills, which
forms a definitely outlined structural and topographic unit spring-
ing from the plateau region about Santa Ynez and the foothills of the
San Rafael Range in the vertex of the triangular basin. It rises at
that point in the shape of a number of strike ridges which run north-
westward and then curve around to the west, coming together. For
most of the distance to the ocean beyond this junction the range con-
sists of a single ridge running parallel to the Los Alamos Valley. On
the north it sends out lateral ridges that drop off rather abruptly into
the Los Alamos Valley. These ridges are separated by fairly sharp
V-shaped valleys, although some of the valleys have sides of more
gentle slope and filled bottoms. A striking topographic feature is a
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longitudinal trough running for miles parallel with this range and the
Los Alamos Valley and cutting across the ends of the above-mentioned
ridges at right angles to them, at a distance of one-half to 1 mile from
the valley. It notches all the ridges and leaves an individual row of
knobs 100 to 200 feet in relief bordering the valley. This depression
is not a continuous drainage feature, but is stratigraphically of impor-
tance as approximately marking the contact between the Monterey
shale and the loose Fernando sand. On the south side of the summit
of the Purisima Hills the lateral ridges extend a long way -with a uni-
form gentle slope, like remnants of an eroded inclined plateau. At
their base, some miles from the summit, and usually from 500 to 1,000
feet below, these southern slopes merge into an undulating hilly
plateau that has the appearance of being buried under soft recent
sand. The range is broadest at the east end, where it consists of a
number of parallel ridges. The point of convergence of some of these
is Redrock Mountain, which is 1,968 feet high and the highest summit
in these hills. Thence westward the hilly zone narrows into a single
central ridge and its offshoots, and gradually pinches out, finally giv-
ing place on the south and west to a broad terrace in which its hilly
character is lost. The summit of the main ridge of the Purisima
Hills west of Redrock Mountain gradually declines in height and for
most of the way it is remarkably even, the elevation varying between
1,200 and 1,000 feet. At the elevatlon of 1 OOO feet it grades into
!:he smooth terrace called Burton Mesa.

BURTON MESA.

Burton Mesa is a marine terrace covering more than 50 square miles,
which slopes, with an average gradient .of 24 per cent, away from the
west end of the Purisima Hills, reaching the sea within 7 miles. It
is composed of Monterey shale, in the main rather gently folded,
which has been planed off and covered with a thickness of about 25
feet of horizontal gravel and loose sand. From the elevation of 1,000
feet, where the continuous sheet of sand overlaps on the end of the Puri-
sima ridge, down to the 600-foot level the distance in a west-south-
west direction is three-fourths of a mile and the slope 10 per cent.
Within the next three-fourths of a mile a drop of 100 feet occurs, the

slope being 2% per cent. Beyond lies the main level stretch of the
plateau for a distance of 5 miles, with no greater slope than three-
fourths of 1 per cent until the elevation of 300 feet is reached, in the
southwest corner of the mesa, where there is an abrupt change to a
10 per cent slope, the distance down to elevation 100 feet being only
one-third of a mile. Below the 100-foot level there is a bench with
" a 3 per cent grade as far as the edge of the cliff which faces the sea,
and which is in most places about 25 feet above the water. North
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of Canada Tortuga the steeper portion above the coastal bench is only
100 feet high, and in the northwest corner of the mesa the main
terrace and the coastal bench grade into each other and become
practlcally one. f

SANTA YNEZ VALLEY AND SANTA RITA HILLS.

Santa Ynez River is the second of the two main drainage lines of
the area, Los Alamos Creek, the next in size, being much subordinate
to these two. The Santa Ynez rises in the high region north of Santa
Barbara and flows westward between the Santa Ynez and San Rafael
ranges. From the east edge of the Lompoc quadrangle, where these
two ranges diverge, it flows slightly to the north of west, at the foot
of the Santa Ynez Mountains. Its course is even more westerly than
that of the Los Alamos Valley until it approaches the ocean, where
the nose of the Santa Ynez Range, as in the two ranges farther north,
shows a tendency to change its orientation into greater conformity
with the northwesterly course of the San Rafael Range.

This stream has a low gradient of only one-fourth of 1 per cent. Its
valley has a steep side on the south formed by the hills of the Santa
Ynez Range, but it is widened on the north by the easy slopes of ter-
races and sand hills, except at the Santa tha Hills, which tise midway
in the river’s course.

The Santa Rita Hills form a small separate range reaching a height
of 1,300 feet and resembling in miniature the Purisima Hills. The
range starts from the valley in several strike ridges running north-
west, which join in the highest part of the range and then continue
due west as a single ridge. -The river follows a tortuous course be-
tween this and the Santa Ynez Range and has cut cliffs in many places.
On the north the Santa Rita Hills are divided from the Purisima
Hills by the Santa Rita Valley, a low basin similar to some portions
of the Santa Ynez Valley

The level floor cf the river valley, including the stream bed and the
somewhat higher terrace-like flats on eitherside, ranges in width from
a few hundred feet to about a mile until within 10 miles of the ocean,
where- it opens out into the Lompoc Valley, an alluvial flat several
miles wide.

TERRACED COAST.

Pleistocene terraces border the coast for the greater part of the
distance around the Guadalupe and Lompoc quadrangles. The
great Burton Mesa terrace has already been mentioned. Beyond the
valleys to the north ‘and south of this mesa similar terraced areas
extend widely and in places to a considerable distance inland, but no-
where else with so gentle a slope as is exhibited on the Burton Mesa.
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Where steep hills descend toward the coast there is almost without
exception a coastal terrace starting at the top of the sea cliff, which,
as a rule, ranges in height from a few feet to more than 50 feet above
the water. Most of these terraces extend up to an elevation greater
than 200 feet. Some of them have left traces at a height of 300 feet
or more, and others continue perfect to this altitude or even higher.

GENERAL TOPOGRAPHIC FEATURES.

The point of especial interest in the topography of the central region
between the two bounding ranges is its characteristic reflection of the
structure of the formations, whereas in the mountains, as has been
noted, the topographic development has been less in accordance with
the lines of structure. An anticline in the central region is apt to be
coincident with a ridge, as, for example, in the long ridge of the
Purisima Hills, which lies close to the axis of a broad anticline.
Moreover, some of the larger valleys mark the synclinal axes of the
broad lines of structure—a statement illustrated by the Santa Ynez
Valley in parts and by its structural, although not actual, continua-
tion in'the Santa Rita Valley. Tt is also exemplified by the upper por-
tion of the Los Alamos Valley and by Harris Canyon. These topo-
graphic features may be accounted for by the facts that the main
~movements in these hill ranges have been gentle as compared with
those in the older mountain masses, that the disturbances giving
them form have been comparatively recent, and that deformation
has not gone so very far. Wherever there are low areas of rolling
hills it is almost sure to be found that a syncline or plunging fold has
given rise to structural depressions in which deposits of soft sand pro-
ducing low topographic forms have been iaid down.

The character of the different formations shows its influence on the
topography. The areas of serpentine with associated Franciscan rocks
have irregular broken surfaces with many outcrops and usually an old,
well-worn appearance. The dominantly sandstone and shale terranes
described under the headings ‘‘pre-Monterey rocks’” and ““Vaqueros,
Sespe, and Tejon formations, undifferentiated,” do not give rise to a
very distinctive topography. They form a succession of ridges and
V-shaped canyons of moderate relief and comparaiive regularity. In
many places the truncated edges of the tilted strata form steep,rough
strike slopes. The Monterey shale produces the forms of highest relief
in this region, as well as forms of low relief, according to the amount
of folding that has taken place in it and to its hardness. The
brittle shale closely folded gives rise. to sharp ridges, many of them
serrate, with steep, rocky flanks. Ridges of highly tilted shale are
shown in Pl. VI, B (p. 46). The lower folds produce hills of gentle
incline and long unbroken ridges, in places parallel with the strike
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and having a dip slope, as shown in PL. IX, 4 (p. 80). Character-
istic of the soft shale are hills having the form of mounds with sym-
metrical rounded contours and with few prominent outcrops except
pavements of shale forming the surface. The soft Fernando sands
form small hills that look like irregular sand piles, and long slopes
with shallow erosion features. Some of these slopes reflect the
dip of the strata on the flanks of low folds and are structurally
inclined plateaus in a typical state of youthful dissection. The val-
ieys are, in many places, filled with sand that has shifted down from
the hills faster than it could be carried away by agencies of transpor-
tation. Great cliffs of soft sand are common as-the result of the rapid
undermining and removal of portions of hills. Thus walled cirques
are formed. Harder materials in the Fernando cause squarish forms,
such as that of Mount Solomon. The terraces of the Quaternary
give a strong individuality to the topography of this region. They
are widely in evidence along the coast, in valleys, at all levels up to
1,200 or 1,400 feet on slopes, on hilltops, and along horizon lines.

DRAINAGE AND RAINFALL.

The three principal streams have received mention under the pre-
vious headings. A small amount of water runs in them all the year
round, but the quantity is only rarely sufficient in either of the two
main streams to warrant their being called rivers. This name is
applied to them on the ground of the importance of their drainage
areas. Almost all the drainage of the two quadrangles flows into
these three streams. In the main they run parallel to the strike of
the formations. In addition to those already mentioned, others that
run independently into the sea are Casmalia Creek, in Schumann Can-
yon, which first cuts obliquely across the end of the Casmalia Hills
and then assumes a longitudinal course; Canada Honda Creek and
Jalama Creek, the two last having deeply cut courses parallel with the
structural lines at the west end of the Santa Ynez Mountains. The
steep seaward slope of these mountains is cut into by a great number
of short, steep, transverse gorges.

'The portion of the San Rafael Range lying within the area covered
by the map is drained principally by Sisquoc and Cuyama rivers,
which flow along well-graded courses, and by the minor streams,
Labrea and Tepusquet creeks. With the exception of the Cuyama,
these watercourses and the majority of the others in the mountains
have cut transverse canyons across the formations regardless of the
folding and the structural lines. In this respect they differ from the
streams farther south.

On the whole, it is rather a dry region. An average of only 12 or 15
inches of rain falls annually, during the winter rainy season. During
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the long dry season almost complete evaporation of surface moisture
takes place, and there is little erosion through the aid of water.
Throughout the latter part of the Quaterna,ry period the rate of ero-
sion has probably been slow.

CLIMATE AND VEGETATION,

The climate of this area is that of the coastal region of California.
It is equable the whole ‘year round, excessive heat or cold being
very rare. The days are mild, the nights chilly. The region is sub-
ject to the inroads of heavy fogs and driving winds from the open
ocean, but this is true to a lesser degree in the eastern angle of the
basin, where there are protecting hills on all sides. The winds
blow very strongly from the west and northwest up the radiating
valleys that open to the coast- The region is subject to earth-
quakes, some of which would seem to be of Jocal origin.

The vegetation in the northern part of Santa Barbara-County is
open, as in the neighboring portions of California. There are almost
no dense groves of trees, most of the hills being sparsely clothed
with a scattering growth of small trees, usually live and white oaks,
and bushes, or else entirely bare, except for sagebrush and grass.
The wide terraces and hills of soft sand are commonly overgrown
with so-called tarweed and are otherwise almost bare. In the val-
leys near the coast grow many willows; in the more protected val-
leys farther inland thrive large sycamores, cottonwoods, and live
and white oaks. The steep slopes of the San Rafael Range are
sparsely set with small oaks, pines, and yuccas, and, like those of
the Santa Ynez Range, are covered in parts by dense thickets of
undergrowth.

The vegetation of the hill ranges of the basin region is typlcally
~ illustrated by Pl. IX (p. 80) and of the San Rafael Mountain region.
by PL. VI (p. 46).

v GEOLOGY.

SEDIMENTARY FORMATIONS,
GENERAL STATEMENT.

The formations involved in the geology of this district (see P1. IT)
‘include the Franciscan (Jurassic?); Knoxville (lower Cretaceous);
pre-Monterey rocks (which may include both Cretaceous and older
Tertiary); Tejon, Sespe, and Vaqueros, undifferentiated (Eocene-
Miocene) ; Monterey (middle Miocene); Fernando (Miocene-Pliocene-
Pleistocene) ; and Quaternary. The maximum known thickness of the
Tertiary and early Quaternary formations combined is 13,200 feet.
The following table shows the correlation of these formations with the
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Alluvium (1'—100"+) . }
S8and dunes (10’ — 8007+ .
Terrace depostts (30'+)

© Unconfornaty.

Fernando formation (3,000'+).

Unconformity.

Monterey shale (5,400'+)..

Vaqueros, Sespe. and Tejon
formations, undifferentiated
(5,000+).

The relation of the formations

Knoxville formation (3,000'==).
Not extensively recogiized.
‘Thickness and character ag
described by Fairbanksinad-
Jacent Sun Luis quadrangle.

Unconformity.

Franciscanformation (1,000%=),

above to those

BULLETIN NO, 822 PL. I

51“ ine s oostly srareduted and slightly ho: Lzontally bedded
arine sand, loosely aggregated and 8| o.lzontally . .
Sand, gravel, and c%;my?gfte%l hardened gy lr{)n oxide. Seepuge from Monterey often causes asphalt deposits,

Slightly consolidated gravel. sand, and clay.

Brackish-water limestone and alkaline sand.

........... Fine, soft, yellow sand near bottom, grading upward into coarser white and gray sand and gravelly conglomerate,

¥ine, white, dlatomaceons rhale and fine, white and greenigh sand. Local brecela and asphalt deposits (shown
in black).

| Soft, white, thin-bedded, dintomaceous earth or shale. with intercalated beds and lenses of concretionary lime
und hard, brittle, siliccous shale due to metamorphism. Occasional finesand beds, 8hale locally bituminous;
gypsiferous near top.

Western
Union.

Thinly stratified and much-contorted hard, brittle, and siliceous shale. often filnty, with some soft, unmetamor-
phosed diatomaceous shale and frequent beds of limestone and flint, Tuff and voleanic ash occur locally;
Shale bituminous., Four prineipal petroleum zones shown in black and auxillary zones indicated.

Zone B,

Zone C.

I
PR PR ¢ Alternating beds of dark clay shale, sandy shale, and sandstone; frequent massive limestones near top. Thick
beds of fine and very coarse conglomerate {n upper portion. Shale and sandstone thin-hedded; sandstone
| becoming more massive toward top.
i
1
!

below is not known. The rocks mappedaus pre-Monterey may fill this gup and lap over onto the formationsaboveand below,

..... vevess] Dark, thin-bedded cluy shale, with thin irregular layers of conglomerate at bottom and near middle.

...| Largely intrusive serpentine, assoclated with much-contorted banded jasper, dark, greenish hard sandstone and
shale, and with some glaucophane schist.

COLUMNAR SECTION OF THE SEDIMENTARY ROCKS OF THE LOMPOC AND GUADALUPE QUADRANGLES.
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standard California section and with that of Santa Clara Valley, Ven-

tura County-

Tentative correlation of formations of Santa Maria district with the standard California
Coust Range section and with that of the Santa Clara ™V alley.

" Sys- . Standard Coast Range| Santa Maria district Santa Clara Valley
Bra. | tom. Period. section. section. section.
E’ Recent. Alluvium. Alluvium. Alluvium.
g R
& | Pleistocene. San Pedro. Terrace deposits and | Sand and gravel.
g : dune sand.
<3 —— Unconformity —-——— Unconformity ——
—— Unconformity —— ’
{ .
Pliocene. Merced
Purisima. Fernando. Fernando.
$ San Pablo.
S —— Unconformity —|—-— Unconformity —-—|—— Unconformity —
g S [Shale.
2 | Mi c. < J Upper sandstone.
3] = ocery Monterey. Monterey. 2\shale.
‘E = |Lower sandstone.
i
Q
& Vaqueros. Vaqueros.
7 Vaqueros, Se? )&:, and T————
. . Tejon, undificrenti- | ¢ (Upper.
Oligocene. San Lorenzo. ated (including some | Z4Red beds.
|~ Unconformity? -—| Monterey in Santa | & (Lower.
Ynez Range).
Tejon.
liocene. Topatopa.
. Martinez.
—-~ Unconformity? -—|
@ Chico.
§ —— Unconformity — (&)) (€9
3 Horsetown.
S § —— Unconformity ——
3 © Knoxville. Knoxville. N
2 —— Unconformity ——
g & Franciscan. Franciscan.
g —— Unconformity ——| — Unconformity ——
e Granite, schist, ete. Granite, gneiss, ete.
g
S

FRANCISCAN FORMATION (JURASSIC?).

The oldest rocks within the Santa Maria district belong to the Fran-
ciscan formation, which is probably of Jurassic age. H. W. Fair-
banks described the same formation under the name San Luis in the
San Luis folio. The Franciscan is a very important basement for-
mation in the Coast Ranges farther north. The small areas of these
rocks occurring here consist of remnants of beds of sandstone, shale,
glaucophane schist, and jasper associated with serpentine that has
probably been intrusive in them. The sandstone is'usually of a dark-
green color, fairly fine grained, and considerably indurated. The
jasper is banded by thin contorted beds, These sediments are so
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disturbed that little clew as to their structure can be obtained, and
so local in extent that no attempt has been made in mapping to
differentiate them from the accompanying serpentine.

KNOXVILLE FORMATION (LOWER CRETACEOUS).

Several small areas of sedimentary rock occur which can be defi-
nitely assigned on fossil evidence to the Knoxville, or lower Cretaceous.
The two most important are north of Mount Lospe, in the Casmalia
Hills. The rock is chiefly dark-colored, unaltered argillaceous shale,
such as is characteristic of the Knoxville throughout its wide area
of distribution in the California Coast Ranges. . Sandstone and con-
glomerate occur in lesser amounts. Brownish-yellow sandstone,-
similar to that common in the Knoxville in the Coast Ranges several
hundred miles farther north, occurs on the border of an irregular
area of diabase on Tepusquet Creek, in the San Rafael Mountains,
and contains the characteristic Knoxville fossil Aucella piochii Gabb
(P1. XII1, figs. 1, 2, 3a, 3b, p. 128). Therock is present-only in very
small patches, and seems to have been brought up from below by the
diabase intrusion. The Knoxville was recognized in one other place
in the San Rafael Mountains a few miles north of Zaca Lake, at the
base of the series mapped as pre-Monterey, where also it contains
Aucella piochii. 1t is very likely that a portion of the areas mapped
as pre-Monterey belongs to the lower Cretaceous, but it is not prob-
able that the whole does.

PRE-MONTEREY ROCKS.

Two large areas of sedimentary rocks whose age has not been
determined otherwise than that they are older than the Monterey
occur in the San Rafael Mountains. They are mapped as pre-
Monterey rocks. It is probable that strata of Knoxville (lower
Cretaceous) age occur at the base of the series in those areas and
that the higher portions represent either the upper Cretaceous or
the Eocene, or both. Detailed work was left until another time.

The larger of these two areas occupies the northeast corner of the
region shown on the map, and is about 60 square miles in extent.
The other lies on the northeastern slope of the high ridge north of
Zaca Lake. In these areas are exposed a great series of thin-bedded,
dark-colored, locally greenish shale alternating with more massively
bedded sandstone, which is in places of a very granitic nature. Con-
glomerate, much of it plainly evidencing its origin from granite,
occurs in minor horizons. Knoxville fossils were found in a gritty
greenish sandstone near the lowest portion of this pre-Monterey
terrane, about 2 miles north of Zaca Lake. The higher portion seems
to be the continuation of a formation in San Luis Obispﬂo County that
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has been considered upper Cretaceous and of one in southeastern
Santa Barbara County that has been ascribed to the Eocene. Its
age is therefore much in doubt. It may also include at the top part
of the Vaqueros (lower. Miocene), which overlies this doubtful ter-
rane and of which the base has not been definitely determined.

Structurally the strata included in this pre-Monterey group lie
beneath the Monterey and upper Vaqueros, but though far older
they do not bear so strongly the marks of intense folding as do the
brittle Monterey shales. They are, however, steeply upturned, and
the lines of folding, as in the case of the other formations, are in gen-
eral in a northwest-southeast direction.

TEJON, SESPE, AND VAQUEROS FORMATIONS, UNDIFFERENTIATED
(EOCENE-MIOCENE).

GENERAL STATEMENT.

The Santa Ynez Range is mostly composed of a thick terrane of
marine sediments equivalent to a-part or all of the Tejon formation
and the Vaqueros formation. The former is Eocene and the latter
lower Miocene in age. This terrane comprises a continwous succes-
sion of marine sediments of detrital origin, seeming to present no
point at which an angular unconformity exists, although the line at
the base of the coarse conglomerate containing the Vaqueros fossils
doubtless marks a long time interval.

In the preliminary report on the Santa Maria-district® mentlon is
made of the Sespe formation as being represented here, and a small
area of it is shown on the map accompanying that report. The
Sespe formation belongs to the Focene or Oligocene and is a distinct
formation above the Tejon and below the Vaqueros. It occurs ex-
tensively in the Santa Ynez Mountains north of Santa Barbara, and
an outcrop of blood-red sandstone in this range 34 miles south of
the Santa Ynez Mission was indicated on the outline map as belong-
ing to the Sespe because of its lithologic resemblance to the typical
rocks of this formation. This small area has, however, not been
separately shown on the present map, as there is no good proof of
its age. It is quite possible that the Sespe formation is represented
in parts of this western portion of the range by rocks not recogniz-
able on the lithologic grounds which are deemed sufficient for the
determination of this formatlon in the vicinity of Santa Barbara or
the Ojai Valley, to the east; or it may be that sedimentation was
not operative in the western part of the range during Sespe time, and

therefore that rocks of that age are lacking from the geologic section .

in this region. The amount of work done in the Santa Ynez Range
does not warrant a full discussion of the structure and relations of

aBull. U. 8. Geol. Survey No. 317, 1907, pp. 1-69,
1784—Bull. 322—07——3

T
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its rocks stratigraphically below the base of the Monterey (nnddle
Miocene). shale.

Strata corresponding to the upper portlon of the Tejon- Sespe—
Vaqueros terrane have been recognized also in the San Rafael Moun-
tains, where they are exposed at the base of the Monterey (middle
Miocene), and it may be that the pre-Monterey rocks are in part
equivalent to the lower portion of this terrane. The Vaqueros and
possibly part of the Tejon are present also in the Casmalia Hills.

LITHOLOGIC CHARACTER.

The lower portion of the terrane is made up of a thick series of
greemsh-gray coarse and fine sandstones, many of them concretion-
ary in character, interbedded with dark fine-grained, thin-bedded
shales in lesser amount. Toward the mlddle of the terrane the shale
increases in amount, alternating with thin beds of sandstone.  Much
of the shale has a characteristic olive-gray color, and owing to its
hard, gritty, brittle nature it makes excellent road material for the
Santa Ynez Valley. The shales and sandstones give place above
the middle of the terrane to deposits of shallow-water character—
coarse sandstone and a great quantity of coarse, in many places green-
ish or reddish, gravelly conglomerate. This conglomerate contains
abundant Vaqueros fossils and probably represents the base of that
formation and a period of shallow-water conditions with which the
Vaqueros began. The conglomerate gives place in turn to more
shale and sandstone, which continue to the summit of the terrane.
At the top there is a conformable gradation into the Monterey (mid-
dle Miocene) beds, the summit of the Vaqueros being marked by a
calcareous zone in many places—as, for instance, southwest of Lom-
poc, where the two formations are divided by a very prominent
exposure of hard limestone. This limestone is quarried and used in
the refining of beet sugar. Sandstone, shale, and conglomerate
belonging to the Tejon-Sespe-Vaqueros terrane occur at the seaward
end of the Casmalia Hills. They form a series conformably under-
lying the Monterey (middle Miocene); but they are separated from
beds of flint and shale that can be definitely assigned to the latter
formation by an intervening horizon many hundred feet thick of
soft, light-brown, clayey, alkaline shale that is almost invariably
full of crystalline gypsum. Here the conditions existing during the
period of transition from typical Vaqueros to typical Monterey sedi-
mentation must have been very different from those prevalent over
the areas occupied by the Santa Ynez and San Rafael ranges. Acidic
volcanic ash is interbedded with the Tejon-Sespe-Vaqueros strata
in the Casmalia Hills. The occurrence of the ash and the alkaline
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shale is mentioned by H. W. Fairbanks in the two quotations given
under the heading ‘ Previous knowledge of the geology,” pages 12-13,
.and this author discusses them further in his paper there cited.

STRUGTURE AND THICKNESS.

Like all the Tertiary and pre-Tertlaly formations of this region
the deposits under discussion have been subjected to folding that
has left none of them in an undisturbed attitude. But as they con-
sist in large part of soft sandstone and conglomerate with inter-
bedded layers of sandstone and clayey shale, they have not been so
violently fractured and disturbed as much of the brittle shale of the
lower portion of the Monterey (middle Miocene). The high ridge of
the Santa Ynez Mountains from Point Conception eastward is formed
by a great monocline in the sandstone of this-terrane, dipping toward

the sea on the south at an angle of about 30°. North of this ridge

occurs a longitudinal depression in the range in which the folds of
- the beds are rather low; and still farther north, bordering the Santa
Ynez Valley, these rocks are considerably disturbed, dipping in
various directions and at all angles between 15° and the vertical.
The general inclination of the beds on the north side, however, is
northward, the structure of this part of the range, broadly viewed,
being anticlinal. In the San Rafael Mountains the Vaqueros strata
are steeply folded along northwest-southeast lines, in conformity -
with the overlying Monterey. A marked example of the way in
which the soft, coarse conglomerate has been left little affected
occurs in Buckhorn Canyon, where thick beds of this rock, probably
the basal part of the Vaqueros, lie almost horizontal.

The Tejon-Sespe-Vaqueros rocks have a thickness of at least 5,000
feet in the Santa Ynez Mountains, and further work will probably
allow these figures to be considerably increased.

AGE AND FOSSILS.

At least two distinct faunas are found in the Tejon-Sespe-Va-
queros strata. The lower is characteristically Eocene, and similar
to that of the Tejon formation of the type locality; the upper con-
tains many of the species found at the type locality of the Vaqueros
formation, which is the standard lower Miocene of the central Cali-
fornia province. So far as is definitely known no species bridges
the gap between these two faunas, either here or elsewhere in Cali-
fornia, although the beds containing the two are apparently con-
formable not only in the Santa Ynez Range but also locally as far
north as Martinez, east of San Francisco Bay.



32 . SANTA MARIA OIL DISTRICT, CALIFORNIA.

The following tables show the fossiliferous Tejon and Vaqueros.
localities and the species. of fossils found at each. (See map, Pl. I,
in pocket and illustrations of fossils, Pls. XTI to XXVI, pp. 126-154. )

Te]on (Eocene) Sfossils from the Santa Maria (hstnct California.

4507.

. 14513.

Cardium brewerii Gabb (PL XIT, fig. 1) . ... oot X

Codakia? sp. a . :
Conus ¢f. hornii Gabb
Crassatellites colhm, Conrad (Pl. XTI, figs. 2&, 21), 3)
Dosinig elevata Gabb
Fusus occidentalis Gabb.....
Ficus mamillatus Gabb (Pl. XIT, figs. 5a, 5b)
Glycymeris cf. veatchii Gabb var. major Stanton .. R
Mactra cf. uvasana Conrad.................... S PO
Meretrix uvasana Conrad. .
Meretrix sp
Neverita? sp.. .
Nucula truncate Gabb. N
Ostrea idriaensis Gabb (Pl \IV figs. 1a, 1b).
Pecten (Chlamys) yneziana Arnold (Pl XI1, fi
Phacoides cumulata Gabb (Pl X1V, fig. 2)
Phacoides (Miltha?) sp
Tellina? sp

50, 5b, 8) ) . : U
Turritella uvasana Conrad (Pl. X1T, fig. 6; PL. XIII, fig. 7).
Venericardia planicosta Lamarck (Pl XIIT, fig. 4) ... ...t X

4507. Just above San Julian ranch house, 1 mile southeast of bench mark 603.

4509. Sharp turn in road in San Mlguellto Canyon, 43 miles S. 20° W. of Lompoc hbench mark 95.

4513. South side of El Jaro Creek road, one-half mile west of hench mark 927.
4518. Three miles north of Sudden, on north flank of 1,912-foot hill.

Vaqueros (lower Miocene) fossils from the Santa Maria district, California.

4478. | 4504. 4508.!4510. 4511. | 4512. | 4514. | 4516. | 4517.

4519.

4520.

4521.

Balanus cf. estrellanus

Conrad......ooooovaiianc]oeann ool X
Cardium_aff. quadri en-

arium Conrad...........[...... DGO PP SN PR P PR PR X
Chione cf. mathewsonii ’

Gahb... oot

Conus Sp............
Crassatellites (?) sp
Gasteropod, genus and

species indet.............
Meretrix (?) sp............
Modiolus yneziana Arnold

(PL XV, fig.2)..........
Mytllbug; ¢f. mathewsonii

[€7:15) ) D
Ostrea eldridgei Arnold |
(Pl. XVI, fig. 2; PL
XVIII, figs. 6a, 6b)......
Ostrea, new species, near
titan Conrad............
Pecten vanvlecki Arnold
(PL.XVIIL, figs.1,2) .....
Pecten (Lyropecten) bow-
ersi Arnold (Pl. XVIII,
fg.5) i
Pecten crassicardo Con-
rad (PL. XVIII, fig. 1)..
Pecten lompocensis Ar-
nold (Pl XVILI, figs. 2,
3y d) e
Pecten magnolm, Conrad
(PL XVIL fig. ) .........
Pecten sespeensis var.
hydei Arnold (Pl. XVII,
fig 3) e
(310303 1 O P
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Vagqueros (lower Miocene) fossils from the Santa Maria district, California—Continued.

4478. | 4504. | 4508. | 4510. | 4511. | 4512, | 4514. | 4516. | 4517, | 4519, | 4520, | 4521,

Terebratalia kennedyi
Dall (Pl. XVII, fig. 4a,
Cdb,de, dd) ..o T [ e o O (g X

Purpura  vaquerosensis
Abrno]d (P1.XV,figs.1a,
1

TSR IUUTS D N N VR I PN IR PP IS U IO AN
Turritella sp. indet........[......|...... S e ! e
Turritella ineziana Con- :

rad (PL XV, Ag. 3) oo .feeeenc]oonnonnen oo feeens X | X | X feeeieeeaidei
Turritella variata Conrad

(young?) . oo e D G PPN RO NI S

4478. Two miles south of Santa Ynez, on knoll just east of mouth of Ballard Canyon.

45(])\4. Three-fourths of a mile up ridge northeast of San Julian ranch house, 14 miles east of hench
mark 603.

4508. El Jaro Creek, one-fourth mile east of Salsipuedes Creek, southeast of Lompoc.

4510. Five miles north of Concepcion, one-fourth mile west of mouth of Escondido Creek.

4511. Float on hillside along east side of Los Amoles Creek, 1 mile above El Jaro Creek.

4512. Ridge hetween Los Amoles and Salsipuedes.creeks, 104 miles S. 33° E. of Lompoc hench mark 95.

4514. About 10 miles west of Santa Ynez, on south hend of river 14 miles southeast of bench mark 552.

4516. South of Santa Ynez Mission, 2§ miles up Alisal Creek, at mouth of valley on east.

4517. fl‘h)ree miles north of Sudden, onnorth flank of 1,912-foot hill, above locality 4518, which is Eocene.
. 29. : .

4519. On ridge 2 miles east-southeast of El Jaro Creek, bench mark 603, one-half mile west of 1,111-foot

4520. West side of ridge between Los Amoles and El Jaro creeks, 1 mile west of bench mark 603.
4521, Lime quarry 5 miles southwest of Lompoc.

MONTEREY SHALE (MIDDLE MIOCENE).
. GENERAL STATEMENT.

A great series of fine shales, largely of organic origin, overlies con-
formably the coarse and fine sedimentary deposits of the Vaqueros.
These shales make up the Monterey formation and are probably rep-
resentative of the whole of middle Miocene time. The series is of
great thickness and is doubly important as the probable source and
the present reservoir of the oil. The areal extent of the Monterey is
not adequately represented on the map. It doubtless covers as one
continuous sheet the whole basin between the Santa Ynez and San
Rafael mountains, as well as a large part of these ranges, but it is con-
cealed over considerable areas by later deposits, which are in many
places very thin. The character, structure, and relations of the Mon-
terey have been the chief subject of the present study.

The name Monterey was given by William P. Blake¢ in the early .
fifties to an organic shale formation typically developed near Mon-
terey, in central California. It is very extensive in the California
Coast Ranges, being the “bituminous shale’” described by Whitney?
as occurring at widely separated points north and south of the Golden
Gate. Its ageis generally taken as middle Miocene. It is the source
of much of the petroleum found in California. The shale characteristic
of this unique formation is not similar to ordinary clay shale, but is
composed largely of the remains of minute marine organisms. In an

aProc. Acad. Nat. Sci. Philadelphia, vol. 7, 1855, pp. 328-331.
b Geological Survey of California, Geology, vol. 1, 1805, p. 137.
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unaltered condition it resembles chalk but is of siliceous instead of
calcareous composition. .
The Monterey in the part of California treated here may be divided
on lithologic grounds into two parts, although there seems to be per-
fect conformity throughout the series. There is no definite dividing
line to be drawn, but taken as a whole the lower half, composed
chiefly of hard, metamorphosed in places flinty shales, is distinct
from the upper half in which soft shale, giving evidence to the naked
eye of its organic origin, is pr edommant

LOWER DIVISION.

The fossiliferous limestone at the top of the Vaqueros is overlain
conformably by hard calcareous and flinty unfossiliferous shale char-
acteristic of the base of the Monterey. In places the limestone at
the top of the Vaqueros is not well developed; but is replaced by a
series of thin-bedded, in the main fairly hard, siliceous, calcareous,
and somewhat argillaceous shales of coarse and fine texture, in which
no well-defined line of demarcation between the two formations is to
be drawn. The Vaqueros and Monterey terranes taken as wholes
are distinct units, representing periods of deposition of entirely differ-
ent character. As indicated by the rocks, deposition was continuous
between the Vaqueros and Monterey and the change in character
came suddenly, although less so in some places than in others. The
general nature of the Vaqueros series is detrital; that of the Mon-
terey is organic. The former contains many well-preserved mollus-
can forms, the latter few. Close to the line between the two, beds
predominatingly of a gravelly or.sandy nature or those bearing fossil
mollusks are considered part of the Vaqueros; those of a fine texture
and of flinty or opaline or chalcedonic nature, part of the Monterey.

Above the transitional limestone horizon between the Vaqueros
and Monterey the lower half of the latter formation consists of a
thick series of thin-bedded, hard, brittle, siliceous and calcareous
shales, with local gradations on the one hand into beds of the hardest "
flint and on the other into soft diatomaceous earth. Near the base
there is usually a horizon of black, brownish, or wax-colored flint
in- heavy beds one to several feet thick, and similar massive beds of
peculiar sand-colored limestone with characteristic lamellar weath-
ering. The greater part of the series is made up of brittle siliceous
shale, usually much fractured and rather commonly crumpled, in
beds averaging about one-half to 1 inch in thickness, in places alter-
nating with thin shaly calcareous beds or massive strata of lime-
stone. Pls. III, B, and VI, B (p. 46), show outcrops of typical flinty
shale of the lower division. Beds of flinty shale or of pure flint are
inclided here and there. The flint is of different colors—amber, black,
milky, red, brown, etc.—and of different degrees of translucency.
Much of it has been fractured and recemented with chalcedonic veins.
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4. CHARACTERISTIC EXPOSURE OF VOLCANIC ASH NEAR BASE OF MONTEREY FORMATION.

At point where Cuyama River enters the Santa Maria Valley. Photograph by Ralph Arnold.

B. UPTURNED AND CONTORTED SEMIFLINTY MONTEREY SHALE.

On Sisquoc River, 5 miles east of Sisquoc. Heavy oil is exuding at a point immediately to the right
of the man. Photograph by Ralph Arnold.
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It is in some localities banded with fine white lamine or with bands
more translucent than the rest. These bands run parallel with the
bedding, and commonly show intricate contortions. The flint frac-
tures conchoidally. From the flint there is every step in the grada-
tion through rocks of less hardness and flinty, compact character to
soft white diatomaceous shale. The soft unaltered shale in which the
constituent diatom tests are plainly to be seen occurs sparingly, how-
ever, in the lower division. - A striking example of its occurrence at
that horizon can be found at the very base of the Monterey on the
San Julian ranch, at the junction of El Jaro and Salsipuedes creeks,
" where it is pure, soft diatomaceous earth in thick beds, associated
with flint and lime and overlying the hard fossiliferous, calcareous
conglomerate of the Vaqueros. The specimen of analysis 3 (p. 45)
is from this point. The varieties of shale are very numerous, but
there is no departure from the general siliceous and calcareous types
so peculiar to this formation. There is no common clay shale or slate
derived from it, and only very locally is there an appearance of a
sandy texture. In the San Rafael Mountains the series has a some-
what different character, especially at the base, where a considerable
amount of sandstone, in some places soft and in others quartzitic, is
interbedded with the hard calcareous shales. Hard, coarse, yellow
and grayish voleanic tuff of acidic nature isinterbedded with the Mon-
terey in the vicinity of Cuyama River (see Pl. ITI, 4), and elsewhere
the lowest portion of the formation is marked by beds of tuff of local
_extent. - At the east end of the Santa Rita Hills the Vaqueros grades
into the Monterey through beds of coarse basic tuff composed of
small fragments of glass and crystals of various kinds and of large
fragments of pumice. Round bowlders or nodules of very fine grained
basalt that look like volcanic bombs are included in this tuff.

The series of hard shales of the lower division is commonly impreg-
nated with bituminous material. The limy beds have almost uni-
versally a bituminous odor and some of them contain pockets of tarry
oil. The same is true of the flint with. the difference, however, that
the limestone is impregnated with petroleum, owing to its porosity,
whereas the oil in the compact flint seems more commonly to be con-
tained along lines of fracture or in cavities. The great mass of the
hard, brittle shales has in general a similar odor or is discolored with
oil. This hard shale series, especially the lower portion of it, and in
places possibly the uppermost sandstone of the formation just below
it, contains the principal oil-bearing zones in the developed fields.
The fact that this shale is so brittle and fractures when folded has an
important bearing on the storing of oil in this portion of the Monterey.
The fracturing produces cavities in which the oil can collect while
the softer unfractured shales adjacent remain more or less impervious
to the oil.
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UPPER DIVISION. )

The line of division between the lower and upper portions of the
Monterey is rather arbitrary, yet if each portion is taken as a whole
the lithologic distinction is marked, and the separation is made natural
by the areal limitations of the outcrops of one or the other in various
places. Where they are in contact a conformity between the two
halves of the formation is evident and a gradation occurs from the
porcelaneous and flinty shales of the lower part into the light-colored,
earthy beds of the upper. , Such is the occurrence, for instance, near
the north edge of the hills 4 miles west-southwest of the town of
Lompoc.

The greater part of the upper division is made up of white or light
chocolate-colored diatomaceous shale, usually of light weight and
porous, but grading in places into heavier and harder, more compact,
brittle, porcelain-like shale. The soft shale is extremely fine grained,
rarely being at all gritty. - The bedding is characteristically very thin,
but where great masses of the soft white shale, which goes by the
name of diatomaceous earth, occur, lines of bedding are usually
indistinguishable, except here and there on thin projecting laminse
produced by weathering, or on the upper surface of small cavities
due to the eating out of less resistant patches. Pl IV illustrates two
characteristic types of the soft unaltered shale. In the upper view
it is massive, and bedding planes are almost indistinguishable except
for lines brought into relief by weathering and erosion. In the lower
view it is slightly more compact and lies in distinct platy layers.
Major bedding planes from a fraction of an inch to several inches
‘apart are distinctly apparent, and there is a further laminated struc-
ture that enables the shale to be split into plates of extreme thinness.
An artificial cut through somewhat disintegrated shale of the upper
part of the Monterey is shown in Pl. VIII, A4 (p. 78). The typical
unaltered diatomaceous shale is pictured in Pl. V, A. The small
round diatom tests of which it is largely composed are faintly distin-
guishable with the naked eye in the photograph. In general, both
the softer and harder varieties of the Monterey shale, owing to their
siliceous composition, do not give way readily to decomposition or
weathering. Local chalcedonic lenses are to be found in this series -
roughly following the bedding planes in unaltered shale, as well as
~ horizons of hard, porcelaneous, usually much-fractured shale; but
the latter does not become predommant over the softer shale as it
does in the lower division.

The white chalklike deposits of this formation are not fully described
by the use of the word shale in its ordinary sense. Especially in the
massive deposits, where bedding is not very apparent, it has neither
in composition nor lamination the character of ordinary shale. But
this word has come into use in connection with the Monterey for lack
of any other. The major portion of the formation, however, does
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SOFT WHITE DIATOMACEOUS SHALE.

A. Characteristic exposure north of Casmalia. B. Detail of weathering at Burton Mesa, east of Pine
Canyon. Photographs by Ralph Arnold.
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B. Red, brittle, and heavy specimen; metamorphosed
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resemble shale in its thin stratificatiorn, the great difference being in
the siliceous instead of “argillaceous composition. Locally there are
beds of clayey nature in the upper division which form a connecting
link between the ““ chalk rock,” as the diatomaceous shale is colloquially
termed, and common clay shale. Characteristic oval and lenticular
yellow concretions of hard lime are commonly included in the shale
of the upper division. They range in diameter from a few inches to 2
feet or more. In many places they occur at irregular intervals and
of irregular size along a bedding plane, locally displacing the ordinary
shale and interrupting the continuity of not merely one bed but many
thin beds. They are invariably elongated parallel with the bedding.’

Volcanic ash is interbedded with the soft shale of the upper divi-
sion in the hills immediately south of Lompoc. It is very fine grained,
soft, and uncompacted, and probably corresponds in composition to
rhyolite. It somewhat resembles the pulverulent diatomaceous earth,
but is easily distinguishable by its grayish color and grittiness.

The upper portion of the Monterey, like the lower, is to a large
extent impregnated with bituminous material. It is apt almost
anywhere in this region to give out a bituminous odor when broken
into or to show a brownish discoloration due to the presence of oil.
In places the shale, otherwise white, is specked with minute black
spots of bitumen. Thin sandy layers occur sparingly interbedded
with the shale, and these almost without exception have absorbed
considerable oil and have.a dark-brown color and strong odor. But
these beds of sand are very rare and make up 1io appreciable propor-
tion of the series. v

The soft varieties: of the Monterey shale are almost invariably
alkaline and have a salty taste. They contain an abundance of
salts easily soluble in water that form characteristic wooly coatings
of efflorescence on the surface of outcrops. This is especially true
near the summit of the formation, where a soft claylike gypsum-
bearing shale locally marks the contact with the Fernando above.
This gypsum is crystallized in plates along.seams and bedding planes
much like the gypsiferous clay of the Casmalia Hills, which is sup-
posed to be Vaqueros in age. Zones of gypsiferous shale occur also
at other places in the upper division of the Monterey, but it is not

known whether there are any single horizons at which it is constant.
Where the gypsum occurs the shale is usually of more argillaceous
character and bears a closer resemblance to ordinary clay shales.
The significance of this alkalinity in the Monterey is unknown.
~ The organic shale is considered to be of marine origin in fairly deep
water, and owing to the almost complete absence of all but the
finest grained detritus the alkalinity can not be considered as proof
of shallow-water or brackish-water origin. The salts may have
some relation to the chemical changes involved in the production of -
petroleum. ) A
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DIATOMACEOUS EARTH DEPOSITS.a

The infusorial earth, diatomaceous earth, diatomaceous shale, or
tripoli, as the same material is variously called, of which the upper
division of the Monterey is chiefly composed, is of fairly pure quality
in this region and of considerable economic value, especially as it
occurs in inexhaustible quantities close to transportation facilities.
The areas of it are extended and the series of strata very thick.
Deposits suitable for working occur in the hills immediately south
of Lompoc; southwest and west of Lompoc; along the river east of
Lompoc; in the northeastern and southeastern portions of Burton
Mesa and over the Purisima Hills east of it; over wide areas in the
Purisima Hills southwest, south, and southeast of Los Alamos; on
the southern flanks of the Santa Rita Hills; 14 miles north of the
Santa Ynez Mission; in smaller amounts near-the east edge of the
area mapped, a mile north of Santa Ynez River; underlying the San
Antonio terrace south of Casmalia; over a wide region southeast,
east, and north of Casmalia; on Graciosa Ridge, and in the region
extending from the head of Howard Canyon to & point southeast of
Sisquoc. The uses to which this material can be put are numerous
and the demand for it is increasing.

COMPOSITION OF THE MONTEREY SHALE.

MATERIAL OF SHALE.

The composition of the Monterey shale is of especial interest.
One is able to see on examining the soft unaltered variety with a
hand lens, or sometimes even with the naked eye, that it is full of
small round dots ranging, to speak roughly, from 0.1 mm. to 1 mm.
in diameter. These are the skeletons of minute marine organisms
called diatoms. They are a low order of plants or algz having a
framework of silica. They are locally so closely packed together
that they seem to form the bulk of the deposit. In some of the rock
they are so well preserved that the details of their structure can be
made out with the aid of higher magnification. But elsewhere they
appear crushed and almost unrecognizable. It is a question how
much of the shale is formed of the diatom frustules that have been
thus crushed. The shale in which the remains are well preserved
and abundant is extremely soft and white and may be rubbed at a
touch into a powder like flour. The round diatom disks are white
and soft just like the matrix surrounding them, which looks asif it,
too, were made up of diatom remains that had preserved their form
less perfectly. Shale in which the remains are less prominent has

a A more extended description of these diatomaceous deposits is published in *‘Contributions to
Economic Geology, 1906’’ (Bull. U. 8. Geol. Survey No. 315, 1907, pp. 438-447), under the title ‘' Diato-
- maceous deposits of northern Santa Barbara County, Cal.””
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the same appearance, as if formed of the same materials, but com-
pacting and crushing seem to have gone a little further so as to obscure
the organic remains. Almost all the shale of the upper division of
the Monterey contains diatom remains where it has not undergone
alteration into the hard varieties. The same is true of the soft
shale wherever it occurs in the lower portion of the formation, the
most notable example being at the very base of the Monterey on the
San Julian ranch east of the junction of Salsipuedes and El Jaro
creeks, where it is associated with hard flint and limestone immedi-
ately overlying the fossiliferous limestone and conglomerate of the
Vaqueros. There the shale is earthy, pure white, and full of diatoms.

When the shale has undergone alteration and hardening into the
porcelaneous and flinty varieties the constituent organic remains are
usually obscured, but here and there even in these the impressions
may be found preserved. Usually an examination under, the micro-
scope reveals scattering circular and oval areas, of slightly different
composition or character from the surrounding rock, that look as if
they might represent the forms of organisms. In speaking of the
exposure of Monterey rocks between the mouth of Schumann Canyon
and Lions Head on the southern flank of the Casmalia Hills, H. W.
Fairbanks says: ¢ ‘“The basal portion of the series is composed chiefly
of clear, flinty rocks, showing abundant remains of organisms visible
to the unaided eye.” And in speaking of the harder varieties of
Monterey shale in general of the Point Sal region he says:® “When
examined with the hand lens much of the rock is seen to be thickly
specked with little round dots, averaging, perhaps, a millimeter in
diameter. Under the microscope * * * the circular areas did
not appear as numerous as in the hand specimen, and were only
faintly distinguished by clearer polarization.”

Aside from the diatoms the rocks of the Monterey contain remains
of minute Foraminifera, which have calcareous frames, and Radio-
laria, which secrete silica to form their tests. The latter are present
sparingly. The common siliceous shale contains very little lime and
no Foraminifera have been found in it in this district, although they
have been reported from the typical Monterey shale elsewhere.
R. M. Bagg® found 66 species belonging to 17 genera in chocolate-
colored, soft, fine-grained shale of the same formation near Asuncion,
San Luis Obispo County. J. C. Branner in ‘the introduction to
Bagg’s paper, describes the shale as follows: ““The shale proper also
_varies; at some places it is flinty, at others it is somewhat sandy,
and at still others it is soft and chocolate-colored, and contains an
abundance of well-preserved Foraminifera. * % % The bulk of

. aGeology of Point Sal: Bull. Dept. Geology, Univ. California, vol. 2, No. 1, 1896, p. 9.
b Op. cit., p. 10.
chocene Foraminifera from the Monterey shale, California: Bull. U. S. Geol. Survey No. 268, 1905.
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this shale is made of diatom skeletons. * * * TEven when the
rocks are flinty they often contain good impressions of Foraminifera.”
Foraminifera occur in the partially calcareous shales of the Santa
Maria district, and in places the limestone is full of them. In some
specimens they are perfectly preserved and various kinds may be
easily seen with the unaided eye. In other places the limestone
shows no trace of organisms; but it is the opinion of the writers that
they have been present in such places and have lost their shape, and
that foraminiferal skeletons account for a large part of all the Mon-
terey limestone and for the calcareous portion of the limy shales.
H. W. Fairbanks says in his paper quoted on page — that the lime-
stone of the Point Sal region “appears to be formed almost exclu-
sively of minute organisms.”

Specimens representing different varieties of the Monterey shale
and flint were sent to F. J. Keeley, of the Philadelphia Academy of
Natural Sciences, who.very kindly made examinations of them and
reported regarding their diatom contents. (See Pls. XIX and XX.)
He found diatoms plentiful in the unaltered earthy shale and less com-
mon in the more compact shale and in the less pure, either gritty or
argillaceous shale. Sponge spicules were common in all the samples,
and in those last mentioned they were more abundant than diatoms.
No examination was made of the indurated varieties. Mr. Keeley
was unable to make more than a hasty examination, but on request
he estimated roughly that the purest material contained from 5 to 10
per cent of diatoms and that the soft shale in which fewer could be
seen contained possibly 1 per cent. He found a few Radiolaria but
no Foraminifera in the pure siliceous shale, diatoms and next to them
sponge spicules being by far the predominant organic remains.

C.S.Boyer, of the Philadelphia Academy of Natural Sciences, kindly
identified the species of . diatoms in two slides prepared by Mr. Keeley
from the two purest samples of diatomaceous earth that were sent to
him. Mr. Keeley says: “The lists made by Mr. Boyer cover only
the species he saw in the slides sent him, and an exhaustive examina-
tion of the material, which would require searching over, say, a hun-
dred slides or more, would probably give a long list of species, many
of which might not.be seen more than once or twice in the course of
such an examination.” Nevertheless, these lists probably indicate
the commonest species. In the slide made from the shale at the base
of the Monterey from the locality above referred to at the junction
of Salsipuedes and El Jaro creeks Mr. Boyer found the following
diatoms:

Coscinodiscus marginatus Ehrenberg.

Coscinodiscus marginatus var. intermedia Rattray.

Coscinodiscus robustus Grev.

Arachnodiscus (fragment).

Diploneis? (fragment).

Melosira sulcata Ehrenberg (rare).
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Mr. Boyer says: “The deposit consists almost entirely of C. mar-
ginatus and C. robustus of various sizes and often without rims. It
is impossible, in certain cases, to distinguish between these two
forms. The variety intermedia is between the two and was created
by Rattray.”

The second slide was made from soft shale of the uppermost por-
tion of- the Monterey, from the Pinal property on the east side of
- Pine Canyon, on the north flank of Graciosa Ridge. The following
diatoms were found: ‘

Coscinodiscus oculus iridis Ehrenberg (abundant)-(P1. X1, fig. XIX).
Coscinodiscus marginatus Ehrenberg.

Coscinodiscus marginatus var. intermedia Rattray.

Coscinodiscus robustus Grev. (Pl. XX, fig. 4).

Coscinodiscus radiatus Ehrenberg.

Coscinodiscus obscurus A. 8. (P1. XX, fig. 2).

Coscinodiscus nodulifer Janisch.

Coscinodiscus heteroporus Ehrenberg.

Coscinodiscus subtilis Ehrenberg (Pl. XX, fig. 3).

Actinoptychus undulatus Ehrenberg (rare) (P1. XX, fig. 1a).

Arachnodiscus ehrenbergii var. californica (fragment).

Lithodesmium cornigerum Brun. (Pl. XX, fig. 1b).

According to Mr. Boyer this second sample consists chiefly of frag-
ments of Coscinodiscus oculus iridis Ehrenberg, which is a larger and
more delicate form than the one predominating in the first, and
~ both he and Mr. Keeley comment on the peculiar absence of it there.
The difference in the fauna in these different localities is of interest,
inasmuch as the deposit represented by the first slide was at the base
of the Monterey and- that represented by the second near its summit.

Besides the small organisms that have been described as forming
a portion of the shale material, and the less abundant organic remains
mentioned on pages 42-43, the deposits of Monterey age contain
a considerable percentage of fine siliceous and aluminous matter,
probably of detrital origin, in the shape of exceedingly minute clastic
grains. The chemical analyses of specimens from different localities
show a large percentage of alumina, the presence of which is prob-
ably the result of fine argillaceous silt settling on the sea bottom
to aid in the formation of the shale. The origin of the silica is more
in doubt.. There is no question of the presence of a large amount
of siliceous diatom skeleton material, and the many fine-rounded and
angular particles of quartz revealed by the polarizing microscope in
the unaltered shale indicate that the sediments derived from shore:
‘areas carried quartz grains also, but there is no proof as to which of
these sources supplied the bulk of the silica, of which the shale is
mostly composed. Besidés the recognizable diatom remains it is
impossible to tell how much of the shale is composed of similar skele-
tons that have been crushed beyond any semblance of their original -
form. Comparatively few forms are perfectly preserved, most of
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those observed under the microscope being only fragments, and this
makes it probable that others are still more fragmentary and in a
state of complete demolition. The likelihood, therefore, is that a
greater proportion of the pure shale than 5 to 10 per cent, as roughly
estimated by Mr. Keeley on the basis of visible forms, is composed
of silica derived from diatoms. Radiolaria, which are scattered
through the shale sparingly, have contributed somewhat to the organic
silica. Whatever conclusion one should come to would apply to almost
all of the soft unaltered shale of the siliceous type in the Monterey of
the Santa Maria district, as this type is fairly constant. Locally it is
varied by an increased proportion of argillaceous material, causing a
greater similarity in appearance to ordinary clay shale, or by the
presence of lime; but diatoms are visible in practically all of it and the
general conditions of deposition seem to have been the same through-
out. The conclusion is reached elsewhere (p. 47) that the same prob-
" able origin may be assigned to all the siliceous shales of the Monterey, .
whether hard or soft—or, in other words, to by far the greater part of
the formation. '

The list of organic constituents of the shale is by no means exhausted
by the small organisms of low order so far mentioned. Another
important source of silica lies in the abundant sponge spicules, which
are only second in number to the diatoms and which are scattered
with remarkable persistency throughout the shale. In the slightly
gritty beds of soft shale, which occur sparingly, these spicules even
predominate over the diatoms, being possibly the cause of the grit-
tiness. They seem also to be less easily obliterated than the fragile
diatom shells and to have been preserved in places where slight alter-
ation of the rock has destroyed the latter. One of the commonest
and most characteristic features of both the unmetamorphosed sili-
ceous and the calcareous shales is the presence of scales of fish, show-
ing that fish remains found their way to the ooze at the ocean bottom
in greater or less abundance. Locally the bones and nearly complete
- skeletons are also to be found. Delicate mollusk shells, usually of
“small size, are gathered thickly in some places in the Monterey shale,
and at such points may be considered as constituting an appreciable
proportion of the total volume of the deposit. As a rule they are
crushed and poorly preserved, a fact that lends weight to the theory
that a large part of the diatom frustules also have been destroyed.
But mollusks are rare in the formation as a whole. . Crab shells and
claws are occasionally found, usually not whole but in small pieces,
as if they had been subjected to conditions favorable to their destruc-
tion before coming to rest. Seaweed impressions are not rare. In
addition to organic remains of these kinds, the shales, especially the
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less purely siliceous varieties, are usually full of small brown scales,
spines, and fragments or impressions of nondescript shape which are
of organic origin but which can not be recognized as belonging to any
particular forms. Here and there, also, large bones are embedded
in the deposits. They seem to be those of whales or other large marine
vertebrates.

Taken as a whole, the Monterey shale may well be called an organic
formation. The practically complete absence of coarse sediments
derived from erosion and the abundance of fossil organisms, espe-
cially of siliceous skeletons, make it different both in appearance and
composition from any other known formation of comparable thick-
ness. The unaltered siliceous shale most nearly resembles chalk, but
it contains only a small proportion of lime. Whether or not the
organic remains compose more than half or as much as half of the

deposit can not be stated.

MICROSCOPIC APPEARANCE.

Under the polarizing microscope little can be made out regarding
the structure of the main mass of the soft shale and compact white
shale. The groundmass seems to be made up of amorphous colloidal
silica surrounding minute grains which are both crystalline and amor-
phous, but the character of which can not be recognized. Embedded
in this are numerous imperfectly angular or more rarely partially
rounded crystal particles, probably of quartz. Many of the latter
look as if they were due to secondary development rather than origi-
nating as clastic grains.

In the more flinty varieties the rock appears to have undergone par-
tial and local crystallization of the silica throughout its mass. In the
flint, in which there are alternating, usually crumpled bands of opaque
light-colored flint and clear amber-colored or black flint, the opaque
bands are composed mainly of amorphous material like that of the
softer shale, but in a much more compact state, and the translucent
bands are mainly crystalline aggregates. The opaque bands include
crystalline particles and, locally, patches of crystal grains like those
of the clear flint, and they are included longitudinally by intermittent
bands of the clear flint. Furthermore, they are in many specimens
of a patchy appearance, parts being less amorphous than others.:
The bands of the clear flint are composed chiefly of small grains of
crystalline quartz, and these are surrounded by a finer grained aggre-
gate of crystalline and amorphous particles. The quartz grains have
neither the rounded outlines of waterworn grains nor angular crystal-
line outlines, but are branching, and appear morelike growths. Angu-
lar patches of the amorphous silica, many of them showing signs of
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incipient crystallization, are included in the clear bands, giving a brec-
ciated appearance. The bands are parallel with the bedding planes.
They are commonly followed and more rarely crossed by veins of
quartz crystals.

The limestone is made up of granules of crystalline calmte or cal-
cite showing the beginnings of crystallization. Included in this
extremely fine grained, uniform groundmass are larger but yet very
" small, irregular grains of crystalline calcite, and in places long spicules
of the same. In some specimens the granules are more minute than
in others and the included larger grains are fewer. In still others,
crystallization has entirely altered portions into patches of large,
intergrown crystals, leavmg angular unchanged patches sharply
marked- off; and thus giving an appearance hke that of a breccia.
The flinty calcareous shale has a minute granular texture, quartz
grains both crystalline and semicrystalline being associated With those
of calcite. The rock usually has light and dark bands parallel with
the bedding, the light bands containing more quartz and having the
calcite granules less close together than the darker bands. '

CHEMICAL COMPOSITION.

The subjoined table comprises analyses of different specimens and
varieties of Monterey shale from the Santa Maria district, with one
(No. 5) here included for comparisor, of a sample of Whlte bitumin-
ous shale from the type locality of the formation at Monterey, farther.
north on the California coast.

The first three represent typical examples of the unaltered diato-
maceous shale of the Monterey. Nos. 3 and 2, respectively, are analy-
ses of the same samples that were found to be rich in diatoms when
examined in slides 1 and 2 by Messrs. Keeley and Boyer, as mentioned
.on pages 40-41. Nos. 4 and 6 are analyses of samples from the same
hand specimen, taken within 1inch of each other, No. 4 showing the
composition of unaltered white shale in which diatoms are visible, and
No.6 of the translucent, brittle, flintlike product of extremely local
alteration. The next four indicate gradations in the products of the
metamorphism. The last analysis (No. 11) represents limestone.
typical in lithologic appearance of the limestone of the Monterey.
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Analyses of Monterey shale.

. . Lime-
Diatomaceous shale. Flinty shale. stone.
1 2 3 4 5 6 7. 8 9. 10 11

co. |
....... 09.13 [ eeeeeeee. 100,39 ... (100,40 | 90.27 |oooooi ool

1. Soft, white diatomaceous shale; Purisima Hills, 3} miles southwest of Harris, Santa Barbara
County, Cal. Analyst, W. T. Schaller, 1907.

2. Soft, white diatomaceous shale; Graciosa Ridge, 3 miles southeast of Orcutt, Santa Barbara
County, Cal. Analyst, W. T. Schaller, 1907. Approximate analysis. i

3. Soft, white diatomaceous shale; San Julian ranch, at junction of £l Jaro and Salsipuedes creeks,
Santa Barbara County, Cal. Analyst, E. C. Sullivan, 1907.

4. Soft, white diatomaceous shale; San Antonio terrace, 2 miles south of Casmalia, Santa Barbara
County, Cal. Analyst, E. C. Sullivan, 1907.

5. White shale; Monterey, Monterey County, Cal. Lawson, A. C., and Posada, J. de la C., Bull.
Dept. Geology, Univ. California, vol. 1, 1893, p. 25. Specific gravity, 1.8-2.1. - 4
6. Gray, glassy porcelain shale; from same hand specimen as No. 4. Analyst, E. C. Sullivan, 1907.

7. White porcelain shale; region of Point Sal, Santa Barbara County, Cal. Analyst, H. W. Fajr-
banks, Bull. Dept. Geology, Univ. California, vol. 2, No. 1, 1896, p. 12. :
8. Opaque flint; Point Sal, Santa Barbara County, Cal. Analyst, . W. Fairbanks, loc. cit.
9. H (;u , black, clear flint; 13 miles west of Zaca, Santa Barbara County, Cal. Analyst, E. C. Sulli-
- van, 1907.

.%0. Hard, black, clear flint; Point Sal, Santa Barbara County, Cal. Analyst, H. W. Fairbanks, loc.
cit.
11. Bituminous limestone; Redrock Mountain, northeast of Lompoe, Santa Barbara County, Cal.

Analyst, George Steiger, 1907. .

ALTERATION.

The differences in character and composition between the soft and
hard varieties of the Monterey shale have been brought out in the
foregoing discussion. The question arises, To what are these differ-
ences due? It is difficult to give a decisive answer. The main differ-
ences in the gradations from the soft to the hard shales lie in the
siliceousness, compactness, hardness, and degree of crystallization.
Taken as a whole the lower division is made up largely of hard shale
and the upper of soft shale, but gradations from one variety to
another within an extremely small space occur in both divisions.
In some places a thick series of beds of similar character is marked
off from a series of different character. Elsewhere a variation occurs
bed by bed, or, in still other places, a single bed or lens of shale of
one variety is included within another kind. The softer varieties
contain at many points small lenses of hard, brittle, or semiflinty
shale elongated parallel with the bedding, or strata in which lenses
are strung along at irregular intervals, or single small beds com-
posed entirely of harder material. In such occurrences there seems
to be a gradation from one variety to the other, and the outlines
of the hard layers are not regular or very definite. For example,
the diatom-bearing shale of chemical analysis No. 4 and the glassy

1784—Bull.—322—07—4
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opaline rock of analysis No. 6 were samples taken from the same .

- hand specimen within 1 inch of each other. The mass of the deposit
from which the specimen came was soft white shale belonging high-
in the formation and contained a rough layer, a few inches thick, of
the harder material between two beds of the soft rock.

The soft shale has been described in the preceding pages as ‘“unal-
tered,” and in referring to the harder varieties different degrees of
“alteration” have been mentioned, for the reason that the best
explanation of the origin of the harder rocks appears to be that they
are products of metamorphism of the soft variety. It is believed
that the soft white and chocolate-colored organic shale represents
the original state of the beds of the whole formation, and that a proc-
ess of silicification and crystallization has caused the changes, this
process having been aided possibly by structural disturbances and
pressure. The beds of soft shale are usua,lly found in attitudes only

. gently disturbed, whe-eas the harder shale is most commonly much
folded and is invariably the component rock of folds where the
forces have been especially intense. This fact may throw light on
the problem of the alteration of the shale, and yet it may be simply
the outcome of the removal of the softer portion of the formation
in the regions of greatest uplift and disturbance. The chief agent
in causing the change was probably infiltrating water carrying
silica in solution. In some places the process may have been simply
or largely infiltration in the extremely porous original shale and
deposition of silica in the interspaces, thus giving rise to hardened
and compacted irregular granular aggregates of the original amor-
phous silica and the new crystalline silica combined, the result being
an increase in the total percentage of silica. In more extreme cases
the original material was probably partly taken in solution and rede-
posited, being replaced almost entirely along bands or in spots, and the
change being carried to a less extent along other layers and in other
areas, or else the replacement was almost complete throughout. As
the rock was rendered more compact in this process a shrinkage may
have been the result, or the same volume may have been retained
and the pores filled. That solution took place along with deposition .
seems ‘to be shown by the almost complete destruction of the forms

of organisis.

It is possible that the differences in the shales may be original, the
result of variation in the material deposited. Whole series of beds of
different material might have been deposited, giving rise to harder,
more siliceous rocks than the soft varieties, and the same material
might have been locally deposited in thin beds or in lenses and
nodules, or have been intermingled with the others to form the inter-
mediate varieties. But it would be difficult to say what this mate-

a
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A. CHARACTERISTIC EXPOSURE OF FERNANDO GRAVEL.

Second ridge east of Figueroa Creek, 7 miles northeast of Los Olivos. Photograph by Ralph Arnold.

B. SHARP DOUBLE FOLD IN MONTEREY SHALE.

Looking east from point northwest of Zaca Lake; Zaca Peak in distance. Photograph by Ralph Arold.
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rial might have been, and the more or less completely crystalline
character of the harder shales shows that metamorphism has taken
place. The most plausible theory, therefore, is that the Monterey
shale as originally laid down was fairly constant in character and
that it has undergone alteration extensively, as well as very locally,
through the agency of siliceous waters, the older portions of the
formation, and possibly the more disturbed portions, having been
most aeneral]y subjected to the change. The limestone has in
places been altered after a fashion somewhat similar to that of the
siliceous shales, being changed to marble, probably as the result of
solution and redeposition.

The Monterey rocks likewise show the result of contact metamor-
phism to a very local extent in the vicinity of the diabase intrusions.
The process seems to have been largely one of consolidation through
baking. A limestone specimen obtained near the diabase intrusion
north of Zaca Peak, in the San Rafael Mountains, gives an excellent
illustration of shearing. The calcite crystals have all been arranged
parallel and greatly elongated, so as to give the rock a schistose

structure.
STRUCTURE AND THICKNESS.

The Monterey has nowhere been left undisturbed. In places it
has been but gently folded. Pls. IV (p. 36), VIII, B (p. 78), and IX
(p. 80) show examples of moderate tilting. But at other places, as
at that pictured in Pl. VI, B (p. 46), it has been thrown into folds
so sharp and closely spaced that the succession of the beds and
thickness of the series are difficult to make out. The details of its
structure are discussed under the heading “Structure” (pp. 76-78).
The thickness of the whole series is at least 5 200 feet. Rach of the
two divisions comprises a maximum, known thmkness of 2,600 feet.
No single complete section of the whole could be obtained.

EVIDENCE OF AGE.

A paucity of recognizable molluscan fossils is one of the prominent
characteristics of the Monterey in this region, as in most others ‘in
the Coast Ranges where it outcrops. Moreover, the other fossils
that it contains are of little value in indicating its age. Its position
in the geologic column is determined by the lower Miocene fossils
found just below its base in the Vaqueros and by the upper Miocene
fossils found at or near the base of the Fernando formation, which
lies unconformably above it.

The following two species of mollusks occur in the Monterey
diatomaceous shale on the road just above the Pinal Oil Company’s
office, southeast of Orcutt: Arca aff. trilineats Conrad, Phacoides
aff. acutilineatus Conrad.
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METAMORPHISM OF THE SHALE BY COMBUSTION.

At many different places in the Santa Maria district and elsewhere
the oil-bearing shale has been burnt to a pink or deep brick-red color,
or turned into a hard vesicular rock like scoriaceous lava, as shown
in Pl. V, B, p. 36. This metamorphism is due to the combustion of
the hydrocarbon content. Though the combustion is usually local
in its effects, the number and wide distribution of the occurrences of
burnt shale lend importance to the phenomenon. Such altered shale
is of some value as indicating where the rock has been bituminous
and where the conditions have favored the occurrence of seepages.

LOCALITIES WHERE THE SHALE IS A.T PRESENT BURNING.

A number of localities have been observed at which combustion
is at present or has been in recent years in progress within the Mon-
‘terey shale. One of these is on the north side of Graciosa Ridge,
south of the Santa Maria Valley, near the Rice ranch oil well No. 1.
When this locality was visited by the writers early in the autumn
of 1906, a fire was burning underground in the shale, causing a smoke
of disagreeable odor to issue from the surface and making the ground
hot over an area of many square yards. - Oil was oozing up at various
points near by, and the ground was heated in the neighborhood of
“all these seepages. The holes from which vapor issued were coated
with delicate crystals of sulphur. At the point where the burning
was actually going on and all about in the vicinity, for a distance
of several hundred feet in some directions, the shale was altered to
a bright-red color, or baked almost to the hardness of compact igneous
rock, or rendered vesicular like lava.

There can be no doubt that this fire was supported by the bitu-
minous material in the shale, and it was probably started by brush
fires, though these had occurred a good many months before, as
shown by the new growth of the bushes. It was said that there
was a brush fire about January 1, 1906, which started the fire in the
shale, and that futile attempts to put it out by dumping dirt to
smother it had been made ever since that time. It seems likely,
however, that this same fire has been in progress for several years.
This likelihood is borne out by other accounts. It is stated that
sometimes during the course of brush fires on the hills sudden darts
of flames may be seen at night from a consiflerable distance—the .
result of the setting on fire of gas escaping from the rocks.

Other cases of burning in the shale have been-observed in recent
years at the San Marcos ranch in the Santa Ynez Valley, and at the
mouth of Rincon Creek, on the coast near Santa Barbara, as de-
scribed by H. C. Ford.2 The phenomena exhibited resemble those

aBull. 8anta Barbara Soc. Nat. Hist., vol. 1, No. 2, October, 1890.
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of solfataras and have given rise to the opinion that volcanic activity
is present in this region. This so-called ““ Rincon. volcano” existed
before 1855, being referred to in the Pacific Railroad reports; this
shows that the burning has continued a long time.

TYPICAL OCCURRENCES OF BURNT SHALE.

Outcrops of burnt shale occur in eight or ten localities in the Santa
Maria district. The best examples are at various places along the
ridge of the Casmalia Hills from a point south of Schumann to
Waldorf; on the north and south sides of Graciosa Ridge; and on
Redrock Mountain 4 miles southeast of Los Alamos. In each of
these regions every stage of alteration is exhibited, from the slightly
discolored shale to hard slaglike rocks of varying shades of red and
black. The area of altered shale in the different localities ranges
from about a hundred square feet to a half a square mile or more, as
at Redrock Mountain. In each the burnt rock is surrounded by unal-
tered, usually soft, white, diatomaceous shales which in most places
show the planes of stratification. At no point observed was a sign
of stratification left in the baked shale. In every occurrence the shales
in the neighborhood are bituminous and asphalt deposits are usually
adjacent.

The largest area of altered shale is on the summit and surrounding
ridges of Redrock Mountain. This is the highest of the hills in the
basin region between the San Rafael and Santa Ynez mountains,
being 1,968 feet above the sea; the height of most of the summits in
the vicinity is from 1,000 to 1,500 feet. Redrock Mountain seems to
owe its prominence, at least in part, to the metamorphosed shale that
forms its summit. Likewise, in the 800-foot hill on the southeast side
of Schumann Pass, the capping of this same character, resembling
volcanic rock, seems to have caused the topographic relief. The
metamorphism in these localities probably took place a long time
ago. At Redrock Mountain great deposits of asphalt are in places
in contact with the altered shale, and there is a large area of shale
impregnated with bitumen.

" DEPTH TO WHICH ALTERATION HAS EXTENDED.

The depth to which alteration has extended below the surface in
these occurrences is difficult to determine. A cliff of burnt shale
50 to 100 feet high is exposed 4% miles due south of Guadalupe, and
the difference of elevation of points in the Redrock Mountain neigh-
borhood where the altered rock outcrops amounts to several hundred
feet. That such metamorphism of the shale has not been solely a
surface phenomenon is shown by the fact that burnt shale has been
found at considerable depths in drilling. Mr. Orcutt, of the Union Oil
Company, exhibited samples of red shale, coming from depths of 950
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to 1,040 feet below the surface in Hill well No. 1, in the Lompoc field,
which are identical in appearance and texture with the burnt shale
elsewhere. Traces of petroleum were associated with the upper
stratum of burnt shale in this well. In numerous other wells in the
Santa Maria field red shale, doubtless burnt, was found at depths
ranging between 90 and 330 feet below the surface. The hardening
consequent, on the burning has in some p]aces rendered the rock dif-
ficult to pierce with the drill.

LITHOLOGIC CHARACTER OF BURNT SHALE.

The burnt shale exhibits all stages of change from a slight indura-
tion and discoloration, due, probably, to oxidation of iron, to an
extreme hardening and partial fusion. Where slightly altered, the
normal white shale assumes a light-pink color. From this stage it
passes through various shades of rose and brick-red and deepens in
color to a reddish, bluish, or greenish black, or even a true black. In
the advanced stages of change it becomes a rough, brittle, reddish,
porous slag, like vesicular lava, or a very hard, compact, dark, and
dull-colored rock, looking something like a compact igneous rock.
An example of partly vesicular and partly compact burnt shale is
shown in Pl. V, B (p. 36). Burnt shale is not crystalline, but the
texture is so variable as to give a patchy appearance to surfaces. In
one place it may be compact and black, nearly full of irregular cavi-
ties, surrounded by patches of different colors; in another, vesicular
and reddish. Whereas the weight of the original shale is slight, the
lighter varieties having a specific gravity less than that of water, the
excessively burnt shale is very heavy. The material has evidently
contracted to much less than its original volume, the angular cavities
and irregular vesicles being one consequence of this contraction.

Under the microscope the rock in the more advanced stages of alter-
ation appears to have an exceedingly fine grained, amorphous, porous
groundmass, discolored with reddish-brown or gray stains. Black
filaments and dots appearing like carbonaceous material are common.
Exceedingly minute rounded and irregular grains scattered through
the whole, but forming no appreciable proportion of it, are the only
portions visible under crossed nicols. They extinguish four times in
a revolution of the field and are probably clastic quartz grains.
These are characteristic of the unaltered shale as well.

G. H. Eldridge® notes an occurrence of burnt shale near the old
Blake asphalt mine, south of Graciosa Ridge. He says: “The shale
now appears red, ashlike to hard and clinker-like, glazed, or silicified;
bodies of bitumen contained within this have the appearance of a
coke, as though derived from the solid fixed carbon of the petroleum.”

aThe asphalt and bituminous rock deposits of the United States: Twenty-second Ann. Rept.
U. 8. Geol. Survey, pt. 1, 1901, p. 428.



GEOLOGY. - 51

~ The likeness of varieties of the burnt shale to volcanic rocks is indi-
cated by the fact that Thomas Antisell, in his account of the geology
of the Coast Ranges in the Pacific Railroad reports,* describes ‘scori-
aceous” and ‘“amygdaloidal lava,” ‘“whitish-gray, hard trachytic
rock,” “voleanic,” and “igneous rocks’” in the region of Santa Ynez
River, evidently having reference to the burnt shale. He considered
these rocks to be eruptive masses, forming the oldest and axial rocks
of the hill ranges, whereas they are part of the Monterey shale, which
overlies the basement formation. e regarded the associated diato-
maceous shales in some places, although not in others, as “magnesian’
and “tremolite’” rocks of igneous origin, and refers to the places

where the shale is burning as examples of present volcanic activity.

CAUSE OF THE ALTERATION.

There can be little doubt that the burnt condition of the shale is
in all places the result of heat produced by combustion of its hydro-
carbon content. The phenomenon is confined to the Monterey shale,
which is the source of a large part of the California petroleum, and
to those regions in which this formation is extremely bituminous.
The shale in many such places is impregnated with petroleum and
the cracks partially filled with it. The areas of altered shale are
almost invariably situated in the vicinity of oil seepages, which
usually denote a fractured condition of the rocks such as would
allow fire to spread and be supported. The observance of fires
actually in psogress in the shale and the changes that have taken
~ place in the neighboring rocks—changes in every way similar to
those in localities where no fire exists at present—give the best clues
to the manner in which the shale has been baked in other places. It
is difficult to conceive another source of heat sufficient to cause local
baking of the shale in otherwise unaltered strata at a depth of 1,000
feet below the surface in such a case as has been mentioned. Prob-
ably there, as on the surface, it was due to ignition of bituminous
material. It is probable that fire started in the petroliferous shale
at the surface and threaded its way downward along cracks partially
filled with bitumen. The failure to smother the fire in the shale on
Graciosa Ridge, previously noted, indicates that such fires are able
to survive with a small air supply. On the other hand, if the above
theory is correct, it indicates that a considerable amount of oxygen
may be present in the rocks at such a depth.

In this connection it may be mentioned that the temperature in a
well near the one in which the burnt shale was found was 152° F.,
at a depth of 3,600 feet. The cause of ignition may be kindled fires,
lightning, or the spontaneous combustion of the. hydrocarbons or

aExp]orations and surveys for the Pacific Railroad, vol. 7, 1857, pp. 65-72.
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surface vegetation. Many of the recent cases of burning are directly
traceable to the first cause, but for those which may have taken place
before the advent of man either the second or third cause will have
to be invoked.

' RANGE IN TIME OF THE f]{ENOMENON.

As already mentioned, the marked influence of the hardened shale
on the topography in certain places indicates that it originated in
those places a long time ago. The age of some of the burnt shale is
further shown by the presence of numerous fragments of it at a
depth of at least 10 feet below the surface in horizontal beds of Pleis-
tocene age. These beds consist of sand, clay, and rough gravel, and
form the low hills between Guadalupe Lake and the high hills to the
west. The fragments of shale are little worn and evidently of local
derivation, having possibly come from the cliffs already mentioned
south of Guadalupe. The fact that the Monterey shale has under-
gone this kind of baking in Pleistocene as well as in recent time indi-
cates further that the accumulation of the oil and its dissemination
in the surface rocks took place, or were taking place, before the
latest orogenic movements in this coastal region. :

FERNANDO FORMATION (MIOCENE—PLIOCENE-PLEISTOCENE).

GENERAL STATEMENT.

The name Fernando was first applied by Homer Hamlin to a series
of rocks overlying the Monterey in the San Fernand® Valley, Los
Angeles County. The formation has since been recognized by
Eldridge and Arnolde in the region of the Puente Hills, Los Angeles,
and Santa Clara Valley oil districts, where it is a series of unaltered
sedimentary rocks lying unconformably over the Monterey, and
probably representing a portion of upper Miocene time, the whole of
the Pliocene, and a part of the Pleistocene. Its lower portion is the
equivalent of the Santa Margarita and Pismo formations, and its
upper portion is contemporaneous with the Paso Robles formation,
as these three are described by Fairbanks in the San Luis folio.?

In the region at present under discussion the name Fernando is
applied to a similar formation that represents a large part of the
Pliocene and probably includes the upper Miocene and part of the
lowest Pleistocene. It consists throughout of a series of sandstone,
congiomerate, and shale resting unconformably upon the Monterey.
Unconformities also exist locally within the Fernando. It attains
a thickness of at least 3,000 feet, but no one section exposes the whole
series and it is probable that the formation includes a considerably
greater thickness. It is widespread in the northern part of Santa

a The Santa Clara Valley, Los Angeles, and Puente Hills oil districts, southern California: Bull.
U. 8. Geol. Survey No. 309, 1907, pp. 22-28. ) .
b Geologic Atlas U. §., folio 101, U. S. Geol. Survey, 1904..
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Barbara County, where it was deposited in the old basin between the
Santa Ynez and San Rafael ranges. It covers up the Monterey
over the greater part of the basin, and as its structure in most places
there conforms approximately to that of the Monterey, it is a fairly
good key to the folding that has taken place in this underlying
formation. The relation between the Monterey and Fernando is of
a somewhat perplexing nature. An unconformity in dip between
the two was not to be definitely made out on examination of the
exposed contact in any part of the central basin, because of the
fact that the Monterey and Fernando.were subjected practically to
the same movements over a large part of the region. Lithologic
similarity of parts of the Fernando to the Monterey is also an obstacle
to their differentiation. But pebbles of Monterey shale and flint,
showing here and there pholas borings and giving evidence of marine
deposition, are abundant in the Fernando. In fact, the greater part
of the coarse detrital material of the Fernando conglomerate is
derived from the Monterey, proving that its period of deposition
was one of erosion in the previously deposited shale, that it followed
the uplift above sea level of a portion of the Montercy and that it
was subsequent to the formation of the flint in that shale series.
The importance of the break between the two is indicated by the
change in character of the deposits from organic, probably deep-
water sediments almost free from erosional débris to sandy and
gravelly deposits derived from the wearing away of hard land areas.
- This change was hardly as marked as that occurring in the reverse

order at the close of Vaqueros time, although it accompanied what
was probably a greater time and structural break. The apparent
structural conformity between the Monterey and Fernando at most
places within the basin region is probably due to the previously
almost undisturbed attitude of the shale upon which the Fernando
was laid down and the subsequent disturbance of both formations
at the same time. But remnants of the Fernando left around the
border exhibit less conformity with the underlying Monterey, owing
doubtless to the fact that the shale of the latter was upheaved around
the edges of the basin to form the mountains bordering it during
the period intervening between the close of Monterey time and the
beginning of deposition of the Fernando.

The chief importance of the Fernando in connection with studies
of this oil field is derived from the facts that it hides the oil-bearing
formation over a wide area; that it affords through its structure,
however, a clue to the structure of the underlying Monterey; and
that it acts as a reservoir for oil (Arroyo Grande field) and as a recep-
tacle for escaping bituminous material. In the last-mentioned way
it gives origin to asphalt deposits of economic value and to cappings
of hard asphalt that may be of significance as an aid in the retentlon
of the oil within the Monterey.
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LITHOLOGIC CHARAGTER.

This formation is mapped as a unit, although it -certainly rep-
resents a long period during which sedimentation, continuous in
the region as a whole, was locally intermittent and carried on under
differing conditions, owing to the differential elevations to which
the region was subjected. The stratum resting upon the Monterey
in one place is apt to be absent in another, where an overlap of one
or another stratum may occur. The lowest recognized Fernando
rocks occur south of Sisquoc, where the Monterey is overlain by a
bed of brecciated and waterworn shale derived from it and cemented
by argillaceous sand, above which lies about 200 feet of fine sand,
succeeded by a 50-foot layer of diatomaceous shale that is indistin-
guishable from that of the Monterey. Above this shale the series
grades up through about 600 feet of fine white and yellow sand and
coarse sand, until a bed of conglomerate is reached. At other places,
as south of Waldorf and south of Harris, the lowest stratum found
at Sisquoc is either wanting or of minor importance, and beds of dia-
tomaceous shale lie conformably over the Monterey shale, making
the dividing line very hard to find. West of Waldorf the contact
is marked for miles by a bed of brecciated Monterey shale of coarse
and fine fragments, in places cemented into a hard amalgam by a
paste of bituminous material. Here the overlying beds are made
up of fine shale and sand and pebbly sandstone, which, though actually
separated by an important unconformity from the Monterey, as
indicated by the brecciated zone and the abundance of pebbles of
that formation in them, are conformable in dip with the underlying
beds. A still younger series of fossiliferous shale and sand marks
the base of the Fernando 14 miles northeast of Divide, and also north-
east of Schumann and northwest of Mount Solomon; and on the
summit of the ridge in the vicinity of the head of Pine Canyon,
_halfway between the two latter localities, the Monterey is capped
by what appears to be a part of the same series somewhat younger
still.  This shows that at the locality near the head of Pine Can-
yon either an overlap of the late Fernando occurred on an old
eminence of Monterey shale that was above the sea at the time of
the deposition of the part of the Fernando immediately preceding,
causing the omission on its summit of hundreds of feet of sedi-
ments which were deposited around its base; or else the portion
of the Fernando preceding this series was removed from above the
Monterey during a period of erosion within Fernando time, this
period being followed by subsidence.

Along the ridge 1 mile southeast of Redrock Mountain, in the
Purisima Hills, there is a capping of diatomaceous shale resembling
that of the Monterey in every respect, but containing characteristic
Fernando fossils. It was not suspected that this shale belonged to-
& formation distinct from the Monterey until the fossils were found.
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It would be difficult to work out the limits of the area that this
" remnant covers. In all probability it is very small, and it has not
been shown on the map. This shale here forms the base of the
Fernando. A pebbly layer with constituent well-worn pebbles of
Monterey shale embedded in sand has aided in the accumulation of
asphalt on the summit of the ridge near by, where it probably marks
the basal line of the Fernando formation.

Above the soft diatomaceous or gritty shale and fine white sand
that is common at or near the bottom of the Fernando the bulk of
the formation is composed of rather loosely consolidated fine white
and yellow sand and coarser gray sand that grades here and there
into thick beds of loose conglomerate. The conglomerate is made
of well-worn pebbles, mostly of flint and hard shale, embedded in a
coarse sandy matrix. Locally the sand and conglomerate are ex-
tremely hard, owing usually to the presence of a large number of
mollusk shells from which a calcareous cement has been derived.
The most prominent bed of conglomerate, and one that seems to be
constant over the whole region, occurs from 800 to 1,000 feet up-in
the series (above the lowest horizon) just north of Canada de los
Alisos, on La Laguna grant. What is probably the same bed is well
exposed in cliffs west of Canada Laguna Seca, 14 miles south of the
Los Alamos Valley. This loose aggregate of sand and pebbles in
alternating strata of coarse and fine material is dominantly com-
posed of the light-colored pebbles of Monterey shale. Pebbles of
other varieties occur more sparingly Above the conglomemte lies
a stratum of limestone that is constant over the whole region and
seems to mark a division in the Fernando. There are two or more
massive beds of hard limestone interbedded with soft, gray, very
alkaline, earthy material, making a total thickness ranging from 10
to perhaps 50 feet. Its. fossils indicate that it is of fresh-water
origin, and possibly it marks the base of a fresh or brackish water
series. The portion of the Fernando overlying this limestone prob-.
ably corresponds to the fresh-water Paso Robles formation of the
~Salinas Valley described by Fairbanks in the .San Luis folio. In
some places where this higher portion of the Fernando above the
limestone has not been worn away, it is found to consist of little-
consolidated beds of fine sand, gravel, and clay that look as if they
might have been laid ‘down in fresh water, but no proof of their
origin has been found. Such beds are well exposed in the foothills
of the San Rafael Range north of Santa Ynez, where they weather
characteristically into-cliffs at the summit of hills. A view of such
an exposure is given in Pl. VI, 4 (p. 46), which affords a good idea of
the rough alternating beds of coarse material. No good lithologic or
paleontologic criteria are known by which this series may be sepa-
rated from the lower portion of the Fernando, and they are there-
fore mapped as a unit.
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‘STR.UCTURE.

As has been stated, the Fernando is generally so nearly conform-
able with the Monterey that it is difficult to draw a line between
them on the basis of a discrepancy in dip. Nevertheless, it is in-
general true that folding has been gentler in the Fernando than in
the Monterey. It would seem that the older formation had been
disturbed in varying amounts, in some places severely and in others
gently, during the process of uplift that put an end to its period of
deposition. As- a result the dips at the present time in the Fer-
nando are apt to be less steep than in the Monterey, but folding has
gone on largely along old lines, so that conformity in strike between
the two formations is the rule. .
~ Wide, low folds are characteristic of the structure in the Fernando

within the Santa Maria basin region. This is illustrated by the
broad anticlines in this formation in the Solomon Hills, the broad
anticline in the Purisima Hills, and the synclines in the Los Alamos
and Santa Rita valleys, in which the dips range from 5° to 25° as a
rule for a long way on either side of the fold and rarely become
steeper than 30° or 35°. In places, as south and west of Sisquoc
and west of Canada Laguna Seca, the beds are almost if not quite
horizontal, but this is exceptional. Curves and plunges in the pre-
existing low folds in the Monterey gave rise to structural basins in
which the Fernando was deposited as a ﬁlhng Such was the origin
of the oval area of Fernando sand’ covering the eastern portion of
the Todos Santos y San Antonio grant. ThlS basin is the westward
extension of a great synclinal basin that runs from that locality first
eastward and then southeastward across the Los Alamos, La Laguna,
and Corral de Quati grants and has determined the position of the
Los Alamos Valley. The northern arm of this synchne slopes grad-
ually up to the axis of the Solomon Hills, and the southern arm rises
abruptly into the Purisima Hills, the slope on both sides conforming
~ with the topography. The region of low slopes covered by parts of-
the Mission La Purisima and Santa Rita grants is a somewhat simi-
lar wide synclinal basin filled with soft Fernando sediments. The
Fernando is steeply upturned along the northeastern border of the
Casmalia Hills, where it stands almost vertically in contact with
much disturbed and in places overturned beds of the Monterey
shale. Tt is upturned also where it rests against the serpentine
north of Alamo Pintado Creek on the La Laguna grant, and south-
west of Los Alamos it seems to dip very steeply under the brow of
an overturn in the Monterey. In the San Rafael Mountains patches
of Fernando deposits occur as remnants, and the beds in many
places are steeply folded or turned completely on edge. They
exhibit unconformity with the Monterey. In at least three places
the Fernando is affected by faulting—a few miles west of Los Ala-
mos, in the neighborhood of Cebada Canyon, and along the fault
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crossing Labrea Creek. In the first two the dip .of the beds is mod- -
erate and the disturbance is not great.

DISTRIBUTION.

An idea of the distribution of the Fernando may be well obtained
from the map (Pl. I, in pocket), as it is not covered by so many forma-
tions as the older series. It is much more widespread near the surface,
however, than appears on the map, since it is probably present and
hidden by only thin deposits over a great part of the area mapped
as terrace deposits and alluvium. _

The general character of the Fernando is that of a filling. Its soft,
loose, spreading sands, which preserve poorly evidence of low folds,
form moundlike hills and broad valleys that convey the idea of a
filled topography. But, on the other hand, harder beds and surface
cappings due to hardening by iron oxide, which not uncommonly pro-
duce sharp, square outlines, are marked features of the topography,
as in the vicinity of Mount Solomon, at the head of Howard Canyon.
On the northeastern border of the Casmalia Hills, between Schumann
and Graciosa Canyon, a lime-hardened sandstone predominates and
forms a prominent ridge. In the Santa Rita Hills the lines of structure
that there curve around from a westerly direction to the southeast are
brought out by the resistant limestone which supports the northeast
flanks of the hills. The wide-stretching foothills of the San Rafael
Range north of Santa Ynez have a character all their own. They are
formed of gravel, clay, and-sand that have the appearance of belong-
ing to a fresh or brackish water series, and they stand out with many
bold faces that have been cut in the soft formation, as illustrated in
Pl. VI, A. Elsewhere the dominant character of the Fernando and
its topographic forms are due to the soft sand which forms the major
portion of the series.

EVIDENCE OF AGE.

At least five and probably six distinct horizons are recognizable in
the Fernando by means of characteristic fossil faunas. The locali-
ties at which these different faunas occur, named in their probable
relative order, beginning with the oldest, are as follows:

(a) South of Waldorf in soft shale; south and east of Sisquoc in fine sandstone.

(b) ““Sea-urchin bed,” Squires (Santa Maria Oil and Gas) lease; California Coast
lease; south of Graciosa-Western Union wells; west of Harris Canyon; vicinity
of Hill wells in the Lompoc field; and near head of Howard Canyon.

(¢) Waldorf asphalt mine, railroad cut I mile northeast of Schumann; Pennsylvania
asphalt mine at east end of Graciosa Ridge; all in gray shale or fine gray sand-
stone.

(d) Waldorf asphalt mine; railroad cut 1 mile northeast of Schumann; Fugler Point
asphalt mine; Sisquoc (or Alcatraz) asphalt mine; and points along north flank
of Casmalia Hills, in coarse sandstone or conglomerate.

(e) East end of Folsom lease in soft sandstone.

(f) Fresh or brackish water beds immediately west of the mouth of Canada Laguna
Seca.
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The beds at horizon a are of marine origin, are probably upper Mio-
cene in age, and correspond in a general way to Fairbanks’s Santa

Margarita and Pismo formations.

Those at horizons b, ¢, d, and ¢ are

of marine origin, are closely related, belong at the base of the Pliocene,
and are in a general way the equivalents of the middle Purisima

and lower and upper San Diego formations.

At horizon 1 are beds

of fresh-water origin, probably representing Fairbanks’s Paso Robles
formation and Lawson’s marine Merced formation.
The followmg is a list of the fossils obtained from the Fcrnando

Fernando (upper M'Lo"ene-Phocmw-Plezstocene) fosszls from

the Santa Maria district,

DA N[O 1D |~ |~ ~ DS (= @D | en
EIEIEIEIZIEISIEE 818212 2181251818
Acton sp.. ...l l X N
Amphissa (?) sp.... X RO .-
Angulussp......... X B I .
ATCa SP.8..onnen... DU D DU DO 15 % DR DN DA NSO RO D MO D N Dt
Arca sp.indet... .. ... ... e X
Arca trlhnea.ta Conrad (Pl. XXIV,
.................................. X X1X
Astyns richthofeni Gabb (P1. XXIV,

Ba.thytoma. carpenteriana Gabb var. I

fernandoana Arnold. (PI. XXIII,

g.

Bathytoma cf. tryoniana Gabb
Bittium arnoldi Bartsch......
Bittium casmaliaensis Bartsch
Cadulus fusiformis Sharp and

bry (Pl. XXI, fig. 8).
Calliostoma sp. indet. .
Callista subdiaphana Carpenter
Cancellaria sp. &.................
Cancellaria crawfordiana Dall var.

fugleri Arnold (P1. XXI, fig. 9).....

Cardium meekianum Gabb.... ...
Cardium sp.indet...........

Chione sp............ ..
Chlorostoma, (?) sp..

Chrysodomus 8p....................... 08 O PO DO N5 Y Y O O O I

Chdnophow, punctata Carpenter (PL

XXIIT, figs. 2,8) ..oooennn .. O P R P P N RS

Crepxdula princeps Conrad (P1. 2

figs. 1,2) ..o
Crucibulum spinosum Sowerby
Cr, 'ptomya ovalis Conrad (Pl. XXII,

Cumm%m callformca, Conrad (Pl

XXIIT, fig. 8) ceveeneeniiannea,

Echmarachmus ashleyi Merrmm (PL
XXIV,figs.6,7)....................
Echinarachnius cf. excentricus Esch-
scholtz var. (Pl. XX1V, fig. 8)

b
Glycymeris cf. barbarensis Conrad .
Kennerlia(?) sp............ooooiei...

Leda orcutti Arno]d(Pl XXII, fig. 9).|...].--

Leda taphria Dall (Pl XXII, ﬁgs 3a,

Lucapma cf. crenulata Sowerby......

Lunatia lewisii Gould (PL. XXT, fig.3) |..i"x . -

X

XX
XX

XXXX XXX

: XX
XX XX

XX




GEOLOGY. - 59

Fernando (upper Miocene-Pliocene-Pleistocene) fossils from the Santa Maria district,
California—Continued.
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Fernando (upper M wcene-Phocene-Plezstocene) Josstls from the Santa Maria district,
-California—Continued.
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4469. One hundred yards northeast of California Coast oil well No. 3,1 mfle east of Divide, and 3 miles
southeast of Orcutt

4471. Alcatraz asphalt mine, 3 miles east of Sisquoc.

4472. Pennsylvania asphalt mine, 33 miles southeast of Orcutt..

4473. Waldorf asphalt mine, 3 miles south-southeast of Gua.da.lupc

4474. Railroad cut 1 mile north of Schumann station.

4475. Fugler Point asphalt mine, 1 mile north-northeast of Gary, at head of Santa Maria Valley.

4476. Asphaltum layer above Montemy shale, near Folsom well 'No. 3, Santa Maria oil field, 3 miles
southeast of Orcutt.

4477. Near Folsom well No. 4, Santa Maria oil field, 24 miles southeast of Orcutt.

i14811 Five miles N. 30° E. of Lompoc bench mark 95 in prominent sandstone beds around Purisma
oil wells.

4485. One-half mile south of Sisquoc.

4486. Echinarachnius ashleyi horizon, immediately west of Santa Maria Oil and Gas Company’s well
No. 4, 2 miles southeast of Orcutt.

4487. Tmmediately east of head of Howard Canyon, 4 miles north-northeast of Los Alamos. Echi-
narachnius ashleyi horizon.

4488. On ridge south of road about 24 miles northwest of Blake.

4489. Southeast side of La Zaca Creek, where it empties from steep canyon; at base of asphalt sand-
stone in shale, 8 miles north of Los Olivos.

4490. Four miles east- northeast of Los Alamos, on Cuaslui Creek.

4491. Gully 2} miles west-northwest of Blake.

4492. One and three-fourths miles S. 5° W. of hench mark 425 of Los Alamos Valley, one-half mile
northwest of sink on top of ridge.

4506. One mile southeast of summit of Redrock Mountain, along ridge, near 1,700-foot knob.

4523, One mile due south of Sisquoc, in ravine.

QUATERNARY.

GENERAL STATEMENT.

Three distinct classes of Quaternary deposits younger than the latest
Fernando can be differentiated in this region, although it is difficult
" to distinguish between them areally. They are terrace deposits, dune
sand, and alluvium, each one of which as mapped may possibly rep-
resent more than one period of deposition. They are deposits of
comparatively little thickness laid down unconformably upon the
older formations subsequent to the greater part of the disturbance
and deformation that has affected the region.

TERRACE DEPOSITS.
‘GENERAL DESCRIPTION.

Terraces are common in this region and are among the most promi-
nent topographic features. They are fairly even surfaces, invariably
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inclined slightly toward the ocean or the line of drainage, and ranging
in size from tens of square miles to only a few feet square. The more
extended terraces fringe the coast line and the larger valleys and
cover areas of-low hills. The smaller ones are scattered over ridges
and hilltops and along the smaller valleys. These terraces are cov-
ered with a thin coating of sand and gravel, and here and there with
clayey material. The distribution of the deposits is well shown on
the map, with two general exceptions. In the first place, many of
the strips of land along valleys mapped as covered with terrace
deposits may not represent true terraces, as it is almost impossible
to draw definite distinctions between such horizontally bedded val-
ley fillings, true terrace cappings, and recent alluvium. All post-
Fernando deposits in small valleys are therefore mapped with the
terrace formation, and alluvium is shown only in the extended valley
‘bottoms, where dividing lines between it and the terrace deposits are
drawn arbitrarily. In the second place, owing to the lithologic simi-
larity of the Fernando and the terrace-deposit sand and the similar
surface appearance of these two formations, the attempt has been
made to represent on the map only a few areas of the terrace sand
overlying the Fernando. The Fernando is doubtless capped by ter-
race deposits in many places, but it is usually impossible to tell
whether this is true or not. The lines of contact between these for-
mations are of necessity arbitrarily shown.

This similarity causes much difficulty in places in determining
whether the deposits bélong to the Fernando or to the later epoch,
and whether it is necessary to go through a great thickness of Fer-
nando beds or. only a few feet to reach the Monterey below. Where
fossils, distinct lines of bedding, or tilted strata are present they are
indications that the sand belongs to the Fernando.

The terraces are found commonly at all altitudes up to 1,200 reet,
and a few even as high as 1,400 feet. None have been definitely rec-
ognized at a higher elevation. :

LITHOLOGIC CHARACTER.

The material of the terrace deposits is usually sand and conglomer-
ate, for the most part the former. The sand is medium grained and
contains scattering waterworn pebbles. It is normally soft and
grayish, but in many places compact, being stained a reddish yellow
and hardened by iron oxide or filled with iron-stained concretions.
In this surficially compacted state it forms hard cappings on hilltops
and slopes. Round, bullet-like, iron-hardened concretions are char-
acteristic of the derived soil. Over much of the surface of Burton
Mesa and in other places this deposit occurs as loose, grayish sand,
hardened locally by the action of rain water and various salts or
oxide of iron. The conglomerate—or gravel, as it might equally well

1784—Bull. 322—07—75 "
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be called—is composed of bowlders, pebbles, and fragments of Mon-
terey flint and shale, besides pebbles of other rocks in smaller quan-
tity. Some of the pebbles are very much waterworn, but in places
the number of unworn fragments of shale almost necessitates the use
. of the word “breccia’’ in describing the deposits. Evidence of bed-
ding is rarely prominent in the typical terrace deposits, but they
invariably appear to lie horizontal, seeming to have been little dis-
turbed by the uplift of the land that brought them to their present
elevation.

No fossils have been found in these deposits, but they contain
numerous pholas-bored pebbles of Monterey shale, and in places, as:
on Burton Mesa, the Monterey shale itself, upon which the deposits
lie, has been bored by these marine mollusks.

Many of the cappings formed parallel with the surface through
hardening by iron oxide have the appearance of being beds with
appreciable dip, and are therefore misleading. The thickness of the
coating of Burton Mesa is 25 or 30 feet and the cover of the typical
terrace in other parts of the region has about the same thickness.
Whether it attains a much greater development than this at any
place is hard to tell. These shallow coverings hide considerable areas
of the Monterey and obscure its structure, but most of the canyons
that cut into the terraces reveal the presence of the oil-bearing for-
mation beneath. The thickness of the coatings is not sufficient to
make a serious difference in the depth to which it is necessary to
drill for oil. The deposits are economically of importance as reser-
voirs for the oil escaping from the Monterey shale, and thus they
give rise to accumulations of asphalt. It is usually impossible to -
tell whether the sand that helps to form the asphalt is a terrace
deposit or belongs to the Fernando. The terrace sand can not form
as deep asphalt deposits as those due to the Fernando sand.

In some of the valley fillings above mentioned, as for instance along
Salsipuedes Creek, and at the west edge. of the Santa Maria Valley
between Guadalupe Lake and the Casmalia Hills, there occur hori-
zontally bedded deposits of clay, sand, and gravel differing in ap-
pearance from the terrace deposits and possibly differing in age and
origin. A good example of an old valley filling which now forms the
summit of a hill is'shown in PL. IV, B (p. 36). It consists of a sandy
and earthy material through which rock fragments and pebbles are
scattered. 1t illustrates the usual unconformity of the post-Fernando
deposits with the older formations. The low hills in the region of
Santa Ynez are formed largely of horizontal beds of fine gravel
unlike the Pleistocene deposits found elsewhere. These exhibit in
one place an appearance of being tilted, though this may be due to
cross-bedding. ' ‘
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ORIGIN.

Most of the terrace deposits are probably of marine origin. This
is proved in the case of the most typical deposits by the presence of
the pholas borings already mentioned. The deposition was carried
on in shallow water and much of the material was derived on the
spot from the wearing away of the shore line of Monterey shale, the
fragments of which were not always subjected to much polishing
before being deposited and protected from agencies of erosion.
These deposits give undeniable evidence of a great uplift of the
coast during Pleistocene time. It seems most probable that the
terraced surfaces resulted from marine planatlon along gradually
rising shore lines and that the formation covering them represents
the beach and shore depOSltS The tise of the land was probably too
rapid and the amount of sediment too small to allow much off-shore
extension of the deposition. The material that may have been
deposited in the deeper places determined by the depressions in the
topography has since probably been largely removed by erosion.
The terrace deposits themselves have been extensively eroded and
in many places are left as mere remnants. Some of them have no
doubt been subsequently added to by wind-blown sand.

It is probable that some of the terraces and horizontal Pleistocene
deposits along valleys have been formed by streams. Most of the
valley fillings were probably laid down in this way. At the mouths
of some canyons, as along the western side of Graciosa Canyon,
Pleistocene deposits have been built up in the shape of detrital fans,
which have since been carved into flat-topped, steep-sided blocks by
recent streams.

DUNE SAND.

The prevailing northwesterly wind from the ocean has amassed
great deposits of sand in places along the coast. The process has
probably been going on all through the Quaternary period and it is
hard to distinguish the older of the eolian deposits from those partially
or entirely of marine deposition. The line of contact of these forma-
tions as mapped is arbitrary.

The greatest mass of dune sand occurs at the northwest end of the
Casmalia Hills, where the gradual slope down to the sea from an eleva-
tion of about 1,200 feet is covered by loose, yellow- sand of probable
eolian origin. This drifts about incessantly and is probably still in
the process of collecting, being supplied from the long, low, open
shore to the north and held in check by the bulwark of the Casmalia
Hills on the south. This deposit has a thickness of several hundred
feet. At its base along the coast is exposed a basal layer of large
bowlders and horizontally stratified sand. The original slope of the
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hills was probably at least partly covered during the uplift of the
coast by marine terrace deposits similar to those found elsewhere in
the region, these being later buried by the gathering wind-blown
sand. Recent marine shells are widely scattered over the surface
of this sand, but are not considered by the writers as indicating its
marine origin. They were probably carried there by Indians or
birds.

South of the Casmalia Hills, where the coast is open to the
winds, sand dunes are continually forming and covering up the ter-
race deposits. The sand is not retarded by an inland barrier, how-
ever, as on the north of the hills, and no such vast deposit has been
formed. The sand is continually being carried into the interior
valleys and spread thinly over a wide area.

ALLUVIUM.

All the valleys of this region contain a certain amount of alluvial
material and stream gravels, which reach in many localities a thick-
ness of 50 feet or more. In some places the deposit is earthy, in
others sandy earth, and in still others pure sand, gravel, or clay.
It is as a rule horizontally stratified. Recent deposits of this charac-
ter attain considerable extent in the wide valleys, but it is not easy
to distinguish them from Quaternary deposits of different age or of -
somewhat different origin. They are mapped as distinct only in the
larger valleys and the contact lines are arbitrary. Practically all
the hills and valleys within the territory mapped have a covering
of soil.

IGNEOUS ROCKS.

GENERAL STATEMENT.

The formations in this region are chiefly of sedimentary origin,
but eruptive and intrusive igneous rocks of various ages appear.
These are all basic in composition. Layers of volcanic ash high in
silica interbedded with the Monterey are discussed with the sedi-
mentary series (p. 37). The center for igneous rocks is in the region
around Point Sal of which Fairbanks made a special study, and
the statements here made in regard to the igneous rocks of that region
are based largely on his description.®

' IGNEOUS ROCKS OF PRE-MONTEREY AGE.

_ Fairbanks describes a small intrusion of basalt having a laccolithic
appearance in the Knoxville (lower Cretaceous) shales north of
Mount Lospe, in the Casmalia Hills, and a large neighboring area
of spheroidal basalt that he is certain is older than the Monterey

a Rairbanks, H. W., The geology of Point Sal: Bull. Dept. Geology, Univ. California, vol. 3, 1896,
pp. 1-92, ) ' .
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and believes to antedate the Knoxville. It is closely associated and
intermingled with bodies of diabase and gabbro. This complex
forms Point Sal Ridge and the rocky headland of Point Sal. Another
complex that he believes belongs in the Knoxville forms a long dike
north of Schumann Canyon. It is an exceedingly complicated intru-
sive mass of gabbro and peridotite that has been penetrated by later
dikes of diabase, norite, gabbro, and intermediate types of rock.

The areas mapped as Franciscan (Jurassic) are largely occupied by
serpéentine that was originally intruded in Franciscan strata. This
serpentine may be older than the Knoxville, and the last-mentioned
occurrence of gabbro and peridotite may be contemporaneous with it.

Diabase was struck at a depth of 1,300 feet in the Pezzoni well
No. 1, southwest of Sisquoc. It is a considerably altered rock com-
posed largely of serpentine and plagioclase feldspar, with some augite,
possibly a small amount of unaltered olivine, considerable magnetite,
and several accessory minerals. This occurrence is of considerable
importance as affecting the prospects for the production of oil in
this neighborhood. The question arises whether this diabase has
intruded the Monterey, as in the San Rafael Mountains, or whether
it is a part of the older igneous formations, in which diabase is
common. The fact that the rock is so much altered probably indi-
cates that it belongs to a formerly exposed older formation upon
which a fairly high portion of the Monterey shale series has over-
lapped. It is hardly conceivable that an intrusion at such a depth
in the shale could have undergone so much alteration. -In either
case, whether this diabase marks the base of the Monterey or whether
. the shales have been intruded by an igneous mass, the conditions are
unfavorable for the discovery of oil in the immediate vicinity.

IGNEOUS ROCKS INTRUDING THE,MONTEREY..

The youngest igneous rocks occurring in the Santa Maria quad-
rangle and those of chief interest in the present connection are intru-
sive in the Monterey (middle Miocene). Such are five small areas of
diabagse mapped by Fairbanks south of Point Sal and two areas of
diabase in the San Rafael Mountains. The age of the two latter is
somewhat in doubt, but the metamorphic and disturbed appearance
of the Monterey shale in their vicinity indicates that they originated
as dikes intruding the Monterey. The shale appears hardened and
baked in the immediate neighborhood and narrow tongues of Mon-
terey shale, certainly altered along the contact, extend into the mass
on Tepusquet Creek. Along its edges appear patches of Aucella-
bearing sandstone belonging to the Knoxville, which were probably
brought up from below by the intrusion. * The diabase in both areas
is of dark-green color and coarse texture and exhibits sheared ser-
pentinous facies.
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Another intrusion of probable post-Monterey age forms a single
outcrop in the hills 7 miles northeast of Point Conception. It is a’
dike of basic porphyry related to basalt. On one side of the outcrop
the bases of horizontally lying rough pentagonal columns are well
exposed. It is not known whether the sedimentary rocks through
which this is intruded belong to the Monterey or the upper part of the
Vaqueros.

GEOLOGIC HISTORY.

EARLIEST PERIODS.

The general geologic aspect of the Santa Maria district is that of a
region of comparatively recent geologic formations. Tertiary rocks,
in places covered by Pleistocene deposits, are predominant, those
of Cretaceous and Jurassic age less widespread, and older formations
entirely absent. The Tertiary has received almost all the attention
in the present study and little can be said of the history of the region
previous to that period. The much-disturbed and metamorphosed
Jurassic sediments (Franciscan), intruded by serpentine, form the
" basement of the whole region, but outcrop only very locally. In Cre-
taceous time a considerable thickness of marine sediments was laid
down, but these deposits were probably not greatly disturbed before
the beginning of deposition in the Tertiary. To the present time they
have remained unmetamorphosed and no more affected by moun-
tain-making forces than later formations. Igneous intrusions, how-
ever, took place at different times in the Cretaceous.

- EOCENE PERIOD.

All the greater divisions of the Tertiary, with the possible excep-
tion of the Oligocene, are represented by marine sediments, the
major part of this time having been taken up by sedimentation.
The relations between the Cretaceous and Eocene rocks have not
been studied. Sedimentation began at some time in the Eocene-
not yet determined, in the southern portion of the region mapped,
and continued nearly to the end of the Eocene, when it-ceased for a
period of unknown length. It was probably in the period just pre-
ceding that of the deposition of the Eocene sediments that the forces
began to work which caused the structural features south of the
region where the San Rafael Mountains now stand to assume an east-
west trend. In'this way may have been formed the depression
extending east and west across the region now -occupied by the
Coast Ranges, which afforded a basin of deposition for the Eocene
and possibly a connection between the ocean and the basins in which
strata of the same age were deposited in the interior. A large part |
of the Santa Ynez Mountains is composed of Eocene strata which
have been lifted up along east-west lines of structure. The main
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uplift did not occur at the close of Eocene time, but it is probable
that orogenic movements did bring to a close the period during
which the Eocene sediments were laid down by raising the strata
slightly above the sea and preventing for a time further deposition.
How long this time was is not known, but it corresponds approxi-
mately with the Oligocene.

LOWER MIOCENE PERIOD

The. movements 1mmed1at;ely followmg the deposition of the

Eocene caused no appreciable disturbance in the Eocene strata, and
when sedimentation recommenced over the same area in lower
Miocene time neither the old nor the new strata preserved any posi-
tive evidence in their relative position that a time break had occurred.
The great masses of coarse conglomerate forming the base of the
‘lower Miocene portion of the group record a change to conditions
of very shallow water, and the abrupt change of faunas indicates
that a long time interval separated their deposition from that of the
subjacent Eocene. It is most probable, however, that the post-
Eocene movements, which were gentle, were also somewhat local,
and that in portions of the Santa Ynez Mountains to the east of the
region under discussion sedimentation was more nearly continuous.
At about the close of the Oligocene period the Eocene basin was
again depressed; deposition of sediments, almost entirely of detrital
origin and very similar to those previously laid down, ensued in a
widening area covered by the sea; and subsidence of the land gradu-
ally continued. The Vaqueros formation, which resulted from this
period of depression, represents the greater part of lower Miocene
time.

MIDDLE MIOCENE PERIOD.

‘The middle Mlocene (Monterey) shale formation is one of striking
1nd1v1duahty, and conditions of unusual character prevailed during
its period of deposition. At the beginning of middle Miocene time
the land sank over a large part of the region of California now occu-
pied by the Coast Ranges and fairly deep water conditions became
prevalent. The wearing away of extended land areas ceased -as they
became submerged, and the material for the formation of coarse
detrital deposits was no longer plentiful. Two varieties of deposits,
which were largely of organic origin, were the chief ones to be formed
during the long period that followed. These were the laminated
limestones and the much more abundant siliceous shales. Silt of
extremely fine grain, both of siliceous and argillaceous nature, was
swept into the sea waters, probably from considerable distances, and
settled down to form a considerable proportion of the deposits; but
sand and other coarse detritus found their way only at rare intervals

el
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to the main portions of the quiet sea bottom which was formerly
the surface of the land and which had been given a comparatively low
relief by the long period of erosion that preceded the submergence.

During the period of transition between the Vaqueros and the Mon-
terey, limestone was formed chiefly, but somewhat inclosed basins
where deposits of alkaline mud were laid down apparently existed in
places. Such a basin isindicated by the alkaline gypsiferous clayson
the south side of the Casmalia Hills, probably representing upper
Vaqueros. In some places, as, for instance, in the San Rafael Moun-
tains, sandstone beds were formed early in Monterey time, probably in
the neighborhood of locally unsubmerged areas. But later very little
sand was deposited anywhere. Further submergence no doubt took
place during the period, removing the sources of this sand and
allowing to be deposited under fairly constant conditions a thickness
of beds greater than a mile. It is not probable, however, that the
depth of the sea was at any time as much as this, being more likely
closer to half a mile.

During the early part of Monterey time conditions were varlable,
calcareous and siliceous deposits alternating, probably as a result of
alternating temporary predominance in the sea of organisms with
calcareous or siliceous shells. As the period progressed the siliceous
organisms became more predominant and remained so, making up a
large fraction of the total bylk of the Monterey formation. It was
an age of diatoms. These small marine plants lived in extreme
abundance in the sea and fell in showers with their siliceous tests
to add to the accumulating ooze of the ocean bottom, just as they are
forming ooze at the present day in some oceanic waters. It is well
known that diatoms multiply with extreme rapidity. It has been
calculated that starting with a single individual the offspring may
number 1,000,000 within a month. One can conceive that under
very favorable life conditions, such as must have existed, the diatom
" frustules may have accumulated rapidly at the sea bottom and aided
the fine siliceous and argillaceous sediments in the quick building
up of the thick deposits of middle Miocene time. A principal obstacle
to the rapid accumulation of the diatoms might be the limited supply
of silica from which these alge derive the material of their tests.
Other organisms with their shells and skeletons were also present
to aid in building up the shale beds. They were Radiolaria and
Foraminifera; sponges with their spicules, which were abundant;
Crustacea; fishes, the remains of which are numerous in the shales;
and mollusks with delicate shells, which are common, though poorly
preserved.

Volcanic eruptions, possibly submarine, broke out-at different
times during the latter part of the lower Miocene (Vaqueros) and
the early part of the middle Miocene (Monterey.) They may have
accompanied movements that took place during the transition

.
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period. Acidic volcanic ash of a rhyolitic type was ejected, and it
settled in the ocean to form regular beds of considerable thickness
and extent interstratified with the other sediments. The occur-
rence of ash interbedded with diatomaceous earth that probably
belongs fairly high in the Monterey formation indicates that these
eruptions did not cease in the early part of middle Miocene time.
Neither the centers of eruptions nor any lava equivalents of the ash
have been found in the field. Similar eruptions were characteristic
of the lower and middle Miocene for long distances north and south
of this region.

LATE TERTIARY AND EARLY QUATERNARY PERIOD.

The Monterey period of deposition was brought to a close by
orogenic movements which folded the shales and lifted them above
the sea in many places. In some regions the folding was intense,
the greatest disturbances accompanying the uplift of the mountain
ranges to an altitude of thousands of feet. The San Rafael Moun-
tains, which were upheaved at this time, probably extended along
the lines of former mountains, and some smaller mountainous or
hilly areas likewise, such as the Casmalia Hills and perhaps portions
of the Santa Ynez Range, followed former zones of uplift. But for
the most part the Santa Ynez Range was probably new. It is
doubtful whether it was ever completely covered by Monterey sedi-
ments, and its structure may have been determined by minor folding
previous to the beginning of the Monterey, but it is probable that
this range did not have any approach to its present proportions until
after middle Miocene time. In other regions low, broad. folds were
formed during the post-Monterey disturbance and the strata were
not upheaved to a great altitude; such was the case in parts of the
basin region between the San Rafael and Santa Ynez mountains.

After the formation of the middle Miocene shales they were -
intruded at several different points by basic igneous masses, mostly
of the nature of diabase. The disturbance which put an end to the
" period was profound and this igneous activity was probably an
accompaniment of it. The rocks were locally hardened by contact
action in consequence of the intrusions.

After an erosion interval, probably of comparatlvely short dura-
tion, the land again sank, though not so extensively nor to such
depth as in the previous subsidence, and a large part of the ‘Santa
Maria district, especially the lower regions, became submerged.
The deposition of the Fernando followed, beginning before the close
of the Miocene. Owing to differences in altitude and possibly also
to local difference in the amount of subsidence, the deposition -began
in some places before it did in others. Over the areas in which the
Monterey has been only slightly folded, the Fernando beds assumed
conformable positions with it. In regions where the Monterey beds
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had been more highly tilted the later sediments were laid down
unconformably. In places the first Fernando beds were of similar
lithologic character to the Monterey shale, being deposited probably
under similar conditions or else derived from the redeposition of the
shale material. This similarity, added to the bedding conformity,
caused the formations to appear as completely conformable and con-
tinuous. But the presence in places of layers of brecciated Monterey
shale at the base of the Fernando, and in places of true angular
unconformities, proves that a period of erosion preceded the Fer-
nando deposmon

After the period of deposition of the finer sediments usually found
at the base of the Fernando, shallow-water conditions prevailed.
The deposits were almost entirely detrital, the product of erosion on
land, much of the material coming from areas of Monterey shale.
Fresh-water or possibly brackish-water conditions may have pre-
vailed in the latter part of Fernando time.. They certainly did for a
time and locally, at least, when the brackish-water hmestone beds
were formed.

MAIN QUATERNARY PERIOD.

Downward and upward movements of the coastal region were
probably in progress during the Fernando period, but were intensi-
fied early in Pleistocene time, and disturbance of the strata along the
lines influenced by the post-Monterey upheaval took place. In this
way the mountain ranges were upraised in their present position and
the Fernando became Warped along the lines of further folding in the
Monterey. .

After this uplift erosion set in and eventually removed the Fer-
nando from some parts of the region over which it had formed a
thick covering. The mountain regions were worn into rugged shapes,
Santa Maria and Santa Ynez rivers developed graded valleys, and
‘the sea planed off the coast extensively by cutting. During the same
period, however, land building over this region was in progress as the
result of differential movements of the coast. The great resultant
changes of level in post-Fernando time, as indicated by the records,
were a pretty general depression to a depth of 1,100 to 1,200 feet, and
locally to at least 1,400 feet; and a later uplift to the present
level. These movements were probably gradual and continuous,
but not sufficiently slow to allow the formation of deposits of great
thickness. During these movements the sea cut into the land as the
water encroached and receded, forming terraces inclined toward the
ocean, and beach and shallow—watel sediments were laid down as thin
coatings over the newly planed surfaces. These deposits were prob-
ably formed as the land rose. During the periods of depression the
streams built up deposits of gravel, sand, and clay at different levels,
giving rise to extensive terraces and to filled valleys. Great deposits



STRUCTURE AND CONDITIONS AFFECTING PRESENCE OF OIL. 71

of wind-blown sand were formed also, and their formation is con-
tinuing at present. During the late Quaternary the deposits and
topographic forms resulting from all these processes have been carved
by erosion; wide areas have been denuded of the thin Pleistocene
capping; and in many places bits of terrace deposits are left merely
as scattering remnants..

STRUCTURE AND CONDITIONS AFFECTING THE PRES-
ENCE OF OIL.

THE ANTICLINAL THEORY.

The anticlinal theory of oil accumulation assumes that the oil,
being of lesser gravity, rises above the water present in porous
rocks and collects at the highest possible points in upward folds,
being there confined by impervious strata arching over the folds.
The presence of water, according to this theory,. is considered as
fundamentally necessary for the carrying out of the process of
accumulation in anticlines.

The presenceof oil in anticlinal folds was repeatedly observed in
the eastern part of North America during the latter half of the
nineteenth century. E. B. Andrews noted its occurrence along low
anticlines in West Virginia and Ohio as early as 1861, and described
this occurrence that same year,® and again, with more assurance of
its wide application, in 1866.> -

In 1863 the Canadian geologists,® in describing the oil springs
immediately north of Lake Erie, noted their close relation to the
anticlinal structure, and formulated the theory that the rise of the

“oil is due to the presence of water in the rocks. Their brief state-
ment is as follows: '

Some of these springs appear to be on the line of the great anticlinal which runs
through the western peninsula, and subordinate undulations of & similar character
will be found connected with others. The oil, being lighter than water and per-
meating with it the strata, naturally runs to the highest part, which is the crown of
the anticlinal, whence it escapes to the surface by some of those breaks which are
usually found in such positions.

Also in 1863 Sterry Hunt, to whom the above-cited conclusions in
the Canadian report are probably due, described the oil of western
Ontario as derived from low anticlines.?

The following quotation is from an account written in 1885 by
I. C. White¢ of his search for some method of determining the loca-
tion of gas accumulations:

In the prosecution of this work I was aided by a suggestion from Mr. William A.
Earsenian, of Allegheny, Pa., an oil operator of many years’ experience, who had

a Am. Jour. Sci., 2d ser., vol. 32, July, 1861, pp. 85-93.

b Am. Jour. Sci., 2d ser., vol. 42, July 1866, pp. 33-37.

¢ Geology of Canada, Canadian Geol. Survey, 1863, p. 379.
d Am. Jour. Sei., 2d ser., vol. 35, March, 1863, pp. 169-170.
¢ Science, vol. 5, No. 125, June 26, 1885.
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noticed that the principal gas wells then known in western Pennsylvania were sit-
uated close to where anticlinal axes were drawn on the geological maps. From this
he inferred there must be some connection between the gas wells and the anticlines.
After visiting all the great gas wells that had been struck in western Pennsylvania
and West Virginia, and carefully examining the geological surroundings of each, I
found that every one of them was situated either directly on or near the crown of an
anticlinal axis, while wells that had been bored in the syncline on either side furnished
little or no gas, but in many cases large quantities of salt water. Further observation
showed that the gas wells were confined to a narrow belt, only one-fourth to 1 mile
wide, along the crests of the anticlinal folds. These facts seemed to connect gas terri-
tory unmistakably with the disturbance in the rocks caused by their upheaval into
arches, but the crucial test was yet to be made in the actual location of good gas ter-
ritory on this theory. During the last two years I have submitted it to all manner of
tests, both in locating and condemning gas territory, and the general result has been
to confirm the anticlinal theory beyond a reasonable doubt.

The anticlinal theory was found applicable, according to Red-
wood,® by various investigators in the Eastern Hemisphere, in the
Caucasian and Carpathian fields, in India, Persia, and Algiers, and
as stated by Lyman,® in some at least of the wells in Japan. Fur-
ther credence has been lent to it by investigators in various parts of
the world in subsequent reports on oil districts. It has, however, not
been proved to be of universal application.

ACCUMULATION OF OIL IN THE SANTA MARIA DISTRICT.

In the Santa Maria and Lompoc fields the evidence indicates that
anticlinal structure is favorable although probably not absolutely .
essential to the accumulation of oil. But whether or not this fact
is explainable on the basis of the anticlinal theory as previously
advanced, and ds seemingly applicable to eastern fields, remains a
question, for the reason that definite evidence is lacking regarding
the presence or absence of water in the strata containing the oil.
The fields of the Santa Maria district are not yet old enough to make
it ascertainable whether water occupies lower levels in the same por-
ous strata in which the oil is contained, or strata below those contain-
ing the oil, and whether water will take the place of the oil on its
exhaustion in the wells; or, on the other hand, whether the oil
occurs unassociated with water in large amounts. What evidence
there is throws doubt on the assumption that water is present in
sufficiént amounts materially to affect the position of the oil in the
strata. Although over a hundred wells have been sunk to depths
ranging between 1,500 and considerably more than 4,000 feet in
various positions relative to the axes of folds, water has been reported
in only four wells at a depth of more than 1,000 feet below the surface,
or below sea level, and in only a few wells below 300 or 400 feet.
In other words, whatever water is present occurs in all but four wells

aRedwood, Boverton, assisted by Holloway, G. T.: Petroleum and its products, London, 1st ed., 1896,
vol. 1, pp. 44-46; also2d ed., 1906, vol. 1, p. 112.
b Geological survey of the oil lands of Japan, Tokio, 1877 and 1878.
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near the surface, or at le.ast‘ considerably above the oil-producing
zones. "

It may be questioned whether the presence of water is essential for
the accumulation of petroleum in the upward folds of the strata under
the conditions presented by the Santa Maria and Lompoc fields.
Here the oil tends to rise to the surface and form seepages wherever
channels of escape are offered. This is probably not due to hydro-
static pressure, as there is no evidence that the water tended to
rise in the same way; and it is just the opposite of the tendency
ascribed to oil by upholders of .the anticlinal theory, which would
result in the oil descending and gathering in the synclinal troughs on
subsidence or removal of the water. In the fields under discussion
the oil is always intimately associated with gas. There do not seem
to be, as a rile, separated stores of gas and oil, but the two are inter-
mmgled or at least closely brought together, so that one is not usu-
ally found without the other, although gas is sometimes found alone.
The oil exhibits a tendency to migrate, as shown by its original con-
centration from widely separated points of origin, by its surface seep-
age, and by the energetic way in which it rises in the drill holes when
a source of it is tapped. This migratory faculty may be ascribed
entirely to the presence of the associated gas, which would cause the
oil to fill every crevice offering a point of escape or a point of lodgment.
If this is granted, it is evident that the points of accumulation of oil
will be determined chiefly by the presence of cavities, large or small,
- offering a place for it to gather. Anticlines, being points of fractur-
ing and in some places opening out of the strata, would afford likely
places for the oil to lodge in those beds subject to fracture and for it
to be imprisoned by overarching impervious beds.

Aside from ideas as to accumulation of oil after such a fashion, the
writers have come to the conclusion that in this region many of the
“oil sands,” so called, are not true sands, but zones of fractured shale
or flint offering interspaces in which the oil can gather. Beds of sand
in the Monterey are scarce and thin. Some of the oil-producing zones
are very thick, amounting to tens or even hundreds of feet. The oil
occurs chiefly in the lower portion of the formation, where brittle, flinty
shale is abundant; -and as it is a noticeable fact that wherever these
hard, flinty layers appear at the surface they are usually much more
contorted and fractured than the associated softer shales, which are,
in general, only folded and not broken, it seems-likely that the same
fracturing and resultant formation of an ideal reservoir for the oil
takes place in the depths as at the surface. Where it is so fractured,
the shale occupies a greater volume than before, showing spaces some
of which are open and others partially or wholly filled with chalcedonic
or bituminous material. The unfractured beds are more or less imper-
vious to the rapid migration of the petroleum, and s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>