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GEOLOGY AND GROUND WATERS OF THE WESTERN PART
OF SAN DIEGO COUNTY, CALIFORNIA.

By ArtrUR J. ELLIs and CmarLEs H. LEﬁ:.

INTRODUCTION.
HISTORY OF GROUND-WATER UTILIZATION.
By C. H. LeE.

According to the irrigation census taken in 1910 under cooperative
agreement between the Bureau of the Census and the Departmrent of
Engineering of the State of California, 9,297 irrigation pumping plants
were in operation in California during that year and 277,000 acres were
irrigated by pumping from wells. In 1914 the number of pumping
plants in the State had increased to 24,589,! and if the area irrigated
from such plants had increased in the same proportion, it was in that
year approximately 700,000 acres. The total area irrigated from
surface and ground waters in California.in 1914 was about 3,270,000
acres.? The data therefore indicate that ground water served nearly
one-fourth of the irrigated lands of the.State at that time, and it fur.
nishes a far greater part of the water used for domestic, manufactur-
ing, and municipal supplies.

In San Diego County (Pl. I) extensive utilization of the ground
waters was begun only a few years ago, and much additional develop-
ment is still possible. The potential demand probably exceeds that
in any other settled part of the State. Irrigation is necessary for the
successful cultivation of most of the agricultural crops to which the
climate and soil of theregion are adapted. Furthermore, the cl'matic
and scenic features of much of the county make it very attractive as
a place of either temporary or permanent residence. As the delightful
climate of the San Diego coast becomes more widely known, the region
will undoubtedly become one of the most popular playgrounds of the
United States, drawing upon the heated regions of the Southwest
during the summer and the Eastern and Northern States during the
winter. There will also be an ever-increasing permanent popula-
tion. The demand for water for household and garden u<es is
already large and is destined far to exceed the demand for water for
irrigation in ¢ommercial agriculture.

1 Adams, Frank, Progress report of irrigation investigations * # # in California, 1912-14: In Cali-
fornia Dept. of Engineering Fourth Bien. Rept., Dec. 1, 1912, to Nov. 30, 1914, pp. 158-210, 1914. See pp.
177-178.

2 Q;IW)W acres in 1912; Idem, p. 207, 15
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The surface waters, though at times overwhelming in volume, are
unfortunately not dependable and require expensive storage and
transmission works for their utilization. There are no perennial
streams except at high levels and at a considerable distarce from the
coast where they are too small to be of much practical value. Pre-
cipitation of sufficient magnitude to produce run-off is confined to
three or four months of the year, and in years of average precipitation
the larger streams do not maintain a permanent flow for more than five
or six months. To obtain from the surface streams the unfailing
water supplies required for irrigation and especially for domestic uses,
it is necessary to provide large storage reservoirs. Ccnditions are
made even more unfavorable by the wide variations in precipitation
from one year to another and by the occasional periods of severe
drought. This condition necessitates holding in reserve sufficient
water (in storage) to supply the full requirements for a three or four
year period. The expense of providing the necessary stovage works is
great, and after the water has been stored the losses by evaporation
from the exposed water surface may amount to a large proportion of
the volume originally stored. The problem of keeping vater up to a
standard of potability for domestic use after being held in storage for
two or three years is also very difficult.

On the other hand, supplies of ground water, if available at all,
are relatively reliable, especially if they are drawn upon only te
supplement surface supplies. They are also protected from evapo-
ration and can be more easily protected from pollution.

Ground water was first largely used in San Diego Courty in 1898—
the first year of serious drought subsequent to the eerly eighties,
when the extensive settlement of the county was Dogun. This
drought continued with varying severity until 1905, rainfall and
stream flow being far below normal throughout the vhole period.
Large consumers of water at that time were the cormunities of
ChulaVista and National City, supplied from Sweetwater Reservoir,
which was built and operated by the San Diego Land & Town Co.,
the orchard and farm lands supplied by the San Diego Flume Co.
from storage and gravity flow of San Diego River, and the city of
San Diego, supplied by San Diego flume and other sources. In the
effort to serve these consumers when the surface waters failed wells
were sunk and pumping plants installed at the nearest sites that
gave promise of yielding adequate quantities of water. The San
Diego Land & Town Co.sank batteries of wells at a numwber of points
in the valley of Sweetwater River; the San Diego Flume Co. installed .
two plants in the upper San Dlego River valley above Lakeside;

the city of San Diego drew from several batteries of wells in Mission
" Valley; and many orchardists endeavored to augment from small
Plants on their own lands the inadequate supplies furnished by the
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companies. With the return of normal conditions of stresm flow
in 1905, the use of the larger pumping plants was discontinved and
most of the equipment was removed, and the use of many of the
private plants that had been but moderately successful was also
discontinued.

Activity in the settlement and development of the county was not
renewed until about 1909, and in the interval rapid strides had been
made in the manufacture of cheap, efficient pumping equ'vment.
The river valleys, with their ample stores of ground water end low
pumping lifts, offered attractive agricultural opportunities fcvr small
land owners. In the peried beginning with 1909 much of the Tia
Juana, Otay, Sweetwater, and San Diego river valleys was put
under cultivation by irrigation from individual pumping plants.
A few of the many efforts that were made to obtain irrigation water
outside the river valleys were moderately successful, but only in
the major valleys have supplies adequate for the irrigation of large
areas been developed. Nevertheless there remains much additional
land: in small tracts outside the major valleys that can be irrigated
from ground waters obtained locally.

The importance of ground water as a reserve in penods of drought
makes accurate knowledge of the quantity available essertial to.
permanent settlement. For instance, the over use of ground water
to irrigate an orchard in the early periods of a protracted drought
might make it impossible later in the period to obtain enough
water to keep the fruit trees alive or even to supply the domestic
needs of the owners. The investigations here reported wer~» made
not only for the purpose of suggesting where and how ground
waters can be obtained, but also to indicate the limits tc¢ which
supplies of ground water should be utilized.

PREVIOUS GEOLOGIC WORK.
By A.J. Erus.

The earliest geologic survey of this region was that conducted by
C. C. Parry and Arthur Schott, in conneetion with the United States
and Mexican Boundary Survey.! From July, 1849, to March, 1851,
Dr. Parry was in the vicinity of San Diego, and resided durng the
fall and winter of 1850-51 at San Luis Rey. His excursions ertended
northward along the coast to Monterey and eastward to Gila River,
and embraced the region then known as southern California. Parry’s
collections of rock specimens and fossils were classified and de<cribed
by James Hall? and T. A. Conrad.?

L Parry, C. C., and 8chott, Arthur, Geological reports: United States and Mexican Boundary £urvey, vol.
1, part 2, pp. 1-98, 1857,

2 Hall,7ames, Paleontology and geology of the boundary: United States and Mexican Bound Ty Survey
vol. 1, part 2, pp. 103-140, 1857, -

¢ Conrad, T. A., Description of Cretaceous and Tertiary fossils: Idem, pp. 141-147.

115536 °—19—wsp 446——2
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The first geological survey of California was conducbed during the
years 1851 to 1856 by Dr. John B. Trask, but San Diego County was
not included in the areas investigated.

In December, 1853, William P. Blake, as geologist of the expedition
under Lieut. R. S. Williamson, Corps of Topographical Engineers,
to ascertain the most practicable and economical route for a railroad
from Mississippi River to the Pacific Ocean, traveled from San Felipe
to San Diego and thence north to San Pedro, and made a report on
the geology of the region based on observations along his route.!
J. S. Newberry, geologist of the expedition under Lieut. J. C. Ives for
the exploration of the Colorado River, crossed from San Diego to
Yuma in December, 1857, and obtained notes on the geoloy.?

Under the second State geological survey of California in 1872,
W. A. Goodyear made a reconnaissance of San Diego County,® and in |
1892 H. W. Fairbanks made an accurate reconnaissance survey of
this and adjacent counties.!

All reports of the California State Mining Bureau subsequent to
the fifth contain notes on the mineral resources of San Diego County,
including observations on the general geology. In 1914 that bureau
published a pamphlet by Dr. F. J. H. Merrill giving a general outline
of the geology of San Diego and Imperial counties.®* Some studies
of the paleontology and stratigraphy of the coast have been made to
which specific reference will be made in the following page~ ‘

PURPOSE AND SCOPE OF THIS INVESTIGATICN.

The area described in this paper comprises approximately that part
of San Diego County which is drained directly into the Pacific Ocean.
With unimportant exceptions, it does not include that part of the
county whose streams discharge into an interior basin or into the
Gulf of California. (See Pls. I and II.) The eastern I'mits of the
area covered are, however, not sharply defined. Pletes II, III,
and XV (in pocket), which show topography, locations of wells,
geology, and precipitation, cover the area lying west of longitude
116° 30’ and south of latitude 30° 30’. This area. is about 60 miles
long and 50 miles wide and embraces about 3,000 square miles.

1 Blake, Wm. P., Geological report, explorations and surveys for & railread route from the Mississippi
River to the Pacific Ocean: 33d Cong., 2d sess., S. Doc. 78, pp. 122-130, 176, 1856. Also Observations on the
physical geography and geology of the coast of California from Bodega Bay to San Disgo: United States
Coast Survey Rept., 1855, pp. 376-398, 1856,

2 Newberry, J. 8., Geological report: Inreport upon the Colorado River of the West, exvlored in 1857 and
1858 by Lieut. J. C. Ives under the direction of the Office of Explorations and Surveys: 3fth Cong., 1st sess.,
H. Doc. 90, pp. 13-18, 1861.

3 Goodyear, W. A., San Diego County: California State Min. Bur. Eighth Ann. Rept., pp. 516-528, 1888,

4 Fairbanks, H. W., Geology of San Diego County; also of portions-of Orange and Sar Bernardine coun-
ties: California State Min Bur. Eleventh Rept., pp. 76-120, 1893,

& Merrill, F. J. H., Geology amd mineral resources of San Diego and Imperial counties; California State
Min. Bur., 1914,



INTRODUCTION. ‘ 14

The investigation on which this report is based was mude u~ter the-
direction of O. E. Meinzer, geologist in charge of the grourd:water
investigations of the United States Geological Survey, in fihancial
_cooperation with the State of California and the city of San Diego.
The purpose was to obtain accurate and comprehensive infc*mation
with regard to the ground waters of the western part of San Diego
County available for use by landowneis, water companies, and
communities in the solution of their water-supply problems.

The field work was begun in September, 1914. The geologi~ survey
was made from September to December of that year. The observa-
tions. on ground water were continued without interruption until
August, 1915, but data were not systematically gathered after De-
cember, 1915, and any changes brought about by the floods of Jan-
uary and February, 1916, have not been considered in this report.
The important conclusions of the report are, however, not affected
by these floods.

In addition to the study of the geology and physiography of the
area the field work included measurements referred to sea level of
the water levels in wells; observations of flow of Tia Juars Rivet
near Nestor; measurements at irregular intervals of other streams;
. tests of typical wells and pumping plants; collection of infctmation

concerning other wells and pumping plants and of the materisls pene~
trated by wells; tests of porosity of water-bearing deposits; collecs
tion of records of precipitation and evaporation and of gener~l infor-
mation pertaining to the development and use of grounl water
throughout the county; and the collection of water samples.

Most of the analyses of water were made by S. C. Dinsmor», under
contract with the United States Geological Survey; others were made
in the water-resources laboratory of the Survey. The analy~es were
classified and interpreted by Alfred A. Chambers, who also rendered
much assistance in the preparation of the chapter relating to the
quality of the waters. .

Measurements of the flow of the streams in the region and of the
water levels in certain wells have been made for a period of ears by
the United States Geological Survey in cooperation with various

_agencies. Most of this work has been done by F. C. Eber*, under
the direction of H. D. McGlashan, district engineer. The complete
records of stream flow are published in a separate volume (Water-
Supply Paper 447), but use has been made of the records in the
ground-water investigations reported in this paper.
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PHYSIOGRAPHY.
By A.J. Erus.
INTRODUCTORY STATEMENT.

The part of San Diego County described in this report cnsists of a
mountainous highland area and a narrow belt along the shore char-
acterized by broad, flat-topped sea terraces, called in this report the
San Diego coastal belt. The highland area is a part of a g-eat upland
region that extends far south into Lower California. Tis upland
is limited on the east by a steep descent to the Gulf of California and
the Salton basin, but its plateau-like surface slopes grad—ally west-
ward toward the ocean. It appears like a huge block of the earth’s
crust that has been broken and uplifted along its eastern side. In
form and position it resembles the Sierra Nevada, but the amount
of uplift and tilting has been much less.
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SAN DIEGO COASTAL BELT.

GENERAL FEATURES.

The coastal belt consists, for the most part, of several rolatively
flat, high, upland benches or terraces that are dissected by stream
channels and that extend from the highlands westward to the ocean,
where, except in the region of San Diego Bay, they terminate in a
line of sea cliffs. The terraces are generally referred to co'lectively
as ‘“‘the mesa,” but some of the interstream areas have received
individual names, such as Otay Mesa, which lies between T a Juana
and Otay rivers, and Linda Vista Mesa, which extends f~m San
Diego River to Los Penasquitos River.

The major stream valleys are wide and flat bottomed and are
bounded by very steep slopes that in many places are several hundred
feet high. The minor stream valleys are the valleys of young streams
that, with few exceptions, rise on the mesa. They are shor*, narrow
gashes in the terraces and are tributary to the main streams or open
directly into the sea. The major valleys are occupied by olcer rivers
that head far back in the highland area.

North of Mission Bay and rising high above the mesa Soledad
Mountain forms a broad peninsula that extends a few miler into the
ocean; south of Mission Bay, Point Loma forms a second peninsula
that partly incloses San Diego Bay.

From La Jolla (see map, Pl. II, in pocket) the coast line extends
northward, bearing gradually more and more to the west without
any considerable irregularities; but south of La Jolla it winds about
bays and peninsulas so that the distance from La Jolla to the inter-
national boundary measured along the shore is more than 75 miles,
whereas the distance between these points in a direct line is less than
25 miles. The total length of the shore line in San Diego County,
including the bays, is about 125 miles, although the distence in a
direct line from the southwest corner of the county to Sen Mateo-
Point at the northwest corner is only 68 miles.

The controlling influence in the development of the phys ')graphlc
features of the coastal belt has been oscillation—that is, the rising
and sinking of the land with respect to the sea level. Sucl vertical
movements of the land seem to have been almost continusus since
.the oldest sedimentary formations in the coastal belt were lsid down.
As a result of these movements deep valleys have been cut remeatedly
by the streams and subsequently partly filled, and different levels
have been successively exposed to the waves, so that rumerous
terraces have been formed. As described in more detail on page
22, these movements have been irregular, being rapid at som= periods
and slow at others. At times they have affected only certain parts
of ‘this region; at other times the whole coastal belt in Sen Diego
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County seems to have moved uniformly. Within very recent geologic
time the land has stood considerably higher than at present, and
there are indications (see p. 23) that along most of the coast sinking
is now in progress. The net result of these oscillations, I owever, has
been a general elevation of the region.

COAST LINE.

Froem San Onofre to the mouth of Soledad Valley the coast line is
bordered by cliffs which in places rise sheer from the margin of the
water and in other places are separated from the water by a narrow
band of beach sand. These cliffs have been formed b the waves
cutting into and undermining a terrace that stands 75 to 100 feet
abovesealevel. (SeePl.V,A.) From the mouth of Soledad Valley
to La Jolla the lower terrace is absent and the cliffs, which here mark
the edge of Linda Vista Mesa, reach heights of more than 400 feet.

Nine streams-reach the sea between San Mateo Point and La Jolla.
The lower parts of all their valleys have broad, flat, marshy bottoms
and contain lagoons that on drying up in summer leave broad tracts
heavily coated with salt. These lagoons lie where beach ridges have
been built across the mouths of the valleys by waves and shore
currents, so that most of them are entirely cut off from the ocean,
and their drainage, except in times of flood, reaches the sea by per-
colation through the sand. Only the Santa Margarita, the San Die-
guito, and the Soledad are able to keep narrow channels onen through
the beach deposits.

The beach ridges, cliffs, and terraces are the results of vrave erosion
and deposition by shore currents, together with changes in the eleva-
tion of the land with respect to sea level. The mode of tk+ir develop-
ment may be illustrated by a brief discussion of the plysiographic
history of ‘the area about Oceanside. Before the materials that form
the 75 to 100 foot terrace bordering the eoast near Oceanside were

- depesited the land stood possibly as much as 200 feet hither than it
does at present. At that time the shore was no doubt somewhat
farther west. While the land was rising and while it stood at this
highest elevation the streams cut their valleys down to what was
then sea level—that is, about 200 feet below the present valley floors.
The land then sank to a level about 100 feet below that at which it
now stands, so that the sea advanced over the lowlands and flooded
the valleys. During this time of submergence the waves cut into the
ends of the ridges between: the estuaries and formed a line of sea
eliffs with a wave-cut terrace at the base. Part of the material
derived from this cutting was washed out into deeper water by the
undertow and part was swept along shore and formed bars aeross the
mouths of the estuaries in the same way that bars have been formed
alang the present shore. At the same time the streams weye washing
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ssnd and gravel down their valleys and filling the lagaon~ hebind
the bars. In this manner a nearly continuous terrace was formad
along the shore beneath the water’s edge. When the land was again
elevated the newly formed terrace emerged, the streams begsn to
remove the filling from their valleys, and the bars were cut through.
As the terrace rose new streams were established on it and produced
topographic features that are distinetly contrasted to those adjacent
on the east. This relation is called by Salisbury a ‘‘topographic
uncenformity.” * The land had probably reached an elevation some-
what higher than it is at present and the streams had probably cut
their beds slightly lower than they now are when sinkire began
again, This sinking, possibly now in progress, is shown by the partly
drowned and consequently marshy valleys of all streams that reach
the ocean in this part of the county.

About 3 miles north of La Jolla a dike of igneous rock (basalt)
about 2 feet wide extends from the base of the cliffs southyestward
into the ocean (see Pl III, in pocket, and Pl. IV, 4). The total
length of the dike exposed at low water is, aceording to Frirbanks,
about 1,800 feet. Its northern end is now covered by talus, so that
its relation to the mesa formations is concealed, but in 1£92 Fair-
banks reported that it did not extend into the chﬁ's, “the only signs
being a fault in line with the dike.” 2

At many places along the shore, but. particularly betweer Delmar
and Encinitas, accumulations of large flattened, smooth-surfaced

" pebbles or small boulders lie a few feet above high-water mark and
extend along the beach in narrow ridges, in some places 24 feet in
height. The average pebble is about 5 inches long, 3 inecl os wide,
and 2 inches thick. Plate V, B, shows one of these ridves near
Eneinitas. The concentration of pebbles in this form is dve to the
action of storm waves whose inrush carries sand and pebbles to a
position beyond the reach of the waves under normal conditions.
These waves retreat much more feebly than they advance, and con-
sequently while the sand and small pebbles are dragged back to the
surf, the large pebbles are left stranded. It has been observed that
kelp, which is brought ashore by the waves, sometimes carries pebbles
of this kind jnclosed in its rootlike bases. These pebbles have served
as supperts or anchors for the kelp and have been lifted from the
sea bottom when the plant attained a sufficient buoyancy, or have
been dragged along when the plants were torn from, their moerings
by storm waves.® Fragments of seaweeds, some of which are root-

1 Salisbury, R. D., Three new physiographic terms: Jour. Geology, vol. 12, 1904, Salisbury, R. D., and
Atwood, W, W, Phe interpretation of topographic maps: U. 8. Geol. Survey Prof. Paper 60, p. 78, pl. 151
1909.

t Fairbanks, H. 'W., Geology of San Diego County, etc.: California State Min. Bur. El:venth Anpn,
Rept., p. 97, 1892,

& Shaler, N. S., Sea and Land, p. 55, 1804.
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like masses still inclosing pebbles, are shown in Plate V, B. _Atten-
tion is being directed to these deposits as a possible sourc~ of grinding
pebbles.

From La Jolla southward to the international boundary the coast
line is characterized by peninsulas, bays, steep wave-washed cliffs,
sandy beaches, and muddy and marshy tidal flats. TI's peninsula
on which La Jolla stands is the most noteworthy irregularity of the
coast. It extends about 2 miles into the sea and is al ~ut 4 miles
wide. Soledad Mountain, which forms this peninsula, is 822 feet
high and is separated from the bench on the east by Rose Canyon,
which has cut down 300 to 400 feet below the level of the mesa. A
record of the oscillations of the coast line is preserved on Soledad
Mountain in sea terraces which appear at short vertical intervals
from the base to the top of the mountain. For a distance of several
miles along the shore near La Jolla the present sea cliffs are washed
by the waves at high tide, and in some places they have been deeply
carved by wave action. Just east of La Jolla, at the edge of the
village, the waves have cut large caves which, thougl flooded at
high tide, may be entered at low tide (see Pl. IV, B) and which are
objects of much interest to sight-seers.

Soledad Mountain may owe its origin to a fault that extends
southeasterly along its eastern flank approximately in lire with Rose
Canyon.

Point Loma forms a second peninsula probably proc‘uced in the
same way as Soledad Mountain, but its greatest elevation, which is
at the southern end of the point, is only 400 feet. This peninsula is
7 miles long, north and south, and varies in width from a quarter of
‘a mile on the south to 3 miles on the north. The neck of land that
connects Point Loma with the mainland consists of delta deposits
laid down by San Diego River. Point Loma was an irland during
Quaternary time and it is said that it continued an island to a time
within the memory of Indians living when San Diego was settled.

Missien Bay occupies a syncline of which Soledad Morntain forms
the northern and Point Loma the southern limb. Tha silting up
of this bay has reached a fairly advanced stage. The entrance is
nearly closed by Point Medanos, which is a sand bar extending
southward from the north shore to within a quarter of » mile of the
south shore, and owing to its continuation under water the depth of
water in the present channel at mean low tide is only 4 feet. Over
fully 75 per cent of the area of the bay soundings have shown a depth
at low water of less than 2 feet, and depths greater than 20 feet were
measured at only two places. A mud flat that covers about 2 square
miles and lies only shghtly above high water forms the southern
shore of the bay.



PHYSIOGRAPHY. ' b : 25

From Pojnt Loma south to the Mexican boundary the coastal belt
is occupied by San Diego Bay and the lowlands, including a consider-
able area of tidal marsh between the mouth of Otay River and the
. south slope of Tia Juana Valley. The topographic features of this

area and depths of water in the bay and off its entrance are shown
on Plate VI. San Diego River formerly emptied into Sar. Diego
Bay, but the silt which it carried into the bay threatened to destroy
the harbor so that in 1853 the stream was diverted into Mission Bay.!
The rate of silting up of the bay was thus materially reduced but the
amount of sediment carried in by other streams necessitates d~edging
to keep the bay open for shipping.
The long neck of land that connects Coronado Island with the main-
" land and incloses the bay on the east is a sand bar built by waves
and shore currents that have also formed a narrow land connection
between Coronado Island and North Island and would undobtedly
close the channel between North Island and Point Loma but for the
jetty east of the channel, which was constructed to prevent the
closing of the bay. 2
Fairbanks ? states that “‘San Diego Bay has probably been formed
through the drowning of a river valley in connection with the action
of ocean waves and-currents.” It is possible that when the land
stood at a higher level Tia Juana River may have flowed through
" that valley, Otay and Sweetwater rivers being then tributarv to it.
The Tia Juana seems to be much more competent to occupy such a
valley than the Otay, although no evidence has been founc as yet
that a river crossed the terraces between Tia Juana River snd San
Diego Bay. It is likely that a stream as large as the Tie. Juana
would leave recognizable traces of an ancient channel.

TERRACES.
GENERAL RELATIONS,

The tecraces, locally known as mesas, range in height from 20 to
1,200 feet above sea level, but they are most extensively developed
between elevations of 300 and 500 feet. North of Otay River the
principal terraces slope gently toward the ocean from an elevation of
about 500 feet near the eastern margin to about 300 feet near the west-
ernmargin. South of Otay River the terrace, or top of the mes», slopes
‘in the opposite direction. The western edge of Otay Mesa (see PL
VI) is nearly 550 feet high; 4 miles farther east the elevation is but
little more than 500 feet. The actual slope is, however, much less
than it appears to be when the terrace is viewed from a lower level
a few miles north of its northern edge.

1U. 8. Army Chief of Engineers, Ann. Rept. for 1868, p. 886.
2 Fairbanks, H. 'W., The physiography of California, p. 43; reprinted from Am. Bureau Geoy. Bull., vol.
2, pp. 232-253, 329-850, 1901.
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The terraces were originally formed below sea level. Each in turn
was leveled by the combined wave erosion and marine deposition,
as described on page 22, and then lifted above the sea and subjected
to stream erosion. The highest terrace is the oldest. Most of the
present irregularities of the surface are due to stream action. The
elevation of the land progressed irregularly, being relatively rapid at
some times and much slower at others. During times of slow or
interrupted rise the sea cut cliffs at successively lower levels on the
edges of the terraces, such as those now being formed along the
shore at La Jolla, and during times of rapid elevation parts of the
sea bottom were lifted above the waves to form successive terraces.
These cliffs and terraces are now conspicuous fectures of the
landscape.

In the region about San Diego Bay, as shown by Plate "'I (in pocket),
there are five terraces, which, north of Tia Juana River, are, respec-
tively, about 20, 50, 100, 250, and 500 feet above sea level. These
elevations are, however, only general, for each of the terraces was
originally somewhat uneven, and, moreover, they heve been con-
siderably modified by erosion, so that their true relations can be seen
only by observation from selected localities. Viewed from a dis-
tance, as from a point northeast of Chulavista on the south bluff of
Sweetwater Valley, the minor irregularities of the terraces disappear,
and they are seen as a succession of nearly flat benches or steps rising
from the low shore of San Diego Bay to the border of the highlands
on the east.

The darker colors on Plate VI indicate the remnarts of the ter-
races; the lighter shades indicate their probable extent previous to
erosion. As indicated on this map the marine terraces extend into
the major valleys and show that these valleys were e~tuaries when
the terraces were formed.

The terraces south of Tia Juana River exhibit some«what different
topographic relations. Only a small part of these terraces is in the
United States, but even in this part the cliffs are steeper and higher,
and the terraces are separated by larger vertical intervals than the
corresponding cliffs and terraces north of the river. For example,
the terrace on which Oneonta is situated, which is the lighest terrace
between Tia Juana and Otay rivers on which Quaternary fossils are
found, is about 50 feet above sea level; but the broad, perfectly de-
veloped terrace which extends for many miles south of the Tia Juana
and on which Quaternary fossils are abundant, is about 100 feet above
sea Jevel along its eastern margin and is nowhere less than 75feet above
the sea. The terrace north of Tia Juana River which, at an elevation
of about 200 feet, corresponds to a terrace south of the Tia Juana at
an elevation of about 400 feet, and Otay Mesa, shown on Plate VI at
about 500 feet above sea level, is represented south of the Fia Juana
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by a table-land that is about 700 feet above sea level and that evtends
from a peint near the international boundary southward to Table
Mountain. Each of these terraces is of marine origin, and therefore
must hgve been of uniform elevation throughout its extent when it
was formed. If the eorrelations of the disconnected parts of the
several terraces as indicated are correct, their present relations prob-
ably mean that the land south of Tia Juana River has risen hlgher
and mare rapidly than that to the north.

In addition to the principal terraces shown on Plate VI, compara-
tively inconspicuous benches at other elevations mark short pauses
in the retreat of the shore line. One of these is on the south side of
Otay Mesa at 425 feet above sea level, and another, at 300 feet above
sea level, may be seen at several places between the international
boundary and Sweetwater. River. No doubt careful field studies
would reveal still others.

In the geologic reports of the United States and Mexican Bonndary
Survey, Parry! mentions three terraces in this region, the lowest
being that which is shown on Plate VI (in packet) as the Nestor
plain, the second being the top of Otay Mesa, and the third Table
Mountain, a flat-topped mountain about 17 miles south of the inter-
national boundary, visible from San Diego as a conspicuous feature
on the sky line. Surveys made in 1909 show the altitude of Table
Mountain to be 2,275 feet above sea level.? It is not necessary, how-
ever, to go south of the boundary to find remnants of a much higher
terrace than Otay Mesa. The high ridges that radiate from the gran-
ite range west of Foster and extend westward to Miramar an from
El Cajon Valley to Poway Valley and that form those steep grades
in the eounty highway known as the “Poway grade’’ are rernants
of a very old and much eroded marine delta terrace. The tops of
these ridges are about 900 feet ahove sea level near the west
ends and rise gradually to about 1,200 feet above sea level at the
east, where they join the higher slopes of crystalline rocks. These
branehing ridges taken together are referred to in this report as
Poway Mesa. Linda Vista Mesa extends from the western edge of
Poway Mesa to Soledad Mountain and the acean and was orivinally
continuous southward to Otay Mesa. Comparison of the aroumts
of erosion that have heen accomphshed on the surfaces of Linda
Vista Meas and Poway Mesa gives some indication of the r~lative
ages of the two original terraces. The map forming Plate VII shews
parts of Linda Vista Mesa and Poway Mesa. As shown en thi~map,
Linda Vista Mesa is in general flat and stands 400 te 500 feet abowe
sea level between the ocean and Miramar. Its westerm part is dis-

py—

1 Parry, C. .(3;, and Schott, Arthur, Geological reports: United States and Mexican Boundary Survey,
vel. 1, pt. 3, chap. 5, p. 86, 1867,
2 V. 8. Hydrographie Office, Navy Mariners’ Chart No. 1149, “S8an Quentin {o 8an Diege,” 1904,
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sected by narrow canyons that are separated by broad, flat divides,
but its eastern part is a broad gently sloping plain that is practically
untouched by erosion. Farther south the terrace of vwhich this was
originally a part is cut through by the deep broad valleys of San
Diego, Sweetwater, and Otay rivers, and the several parts between
these main streams are much dissected by smaller valleys and ravines.
Yet even here considerable tracts of the original nearly flat terrace
are still preserved. These topographic features are distinctly in con-
trast to those of the Poway Mesa, a part of which east of Miramar
is shown in Plate VII. The canyons of the Poway Me<a are so close
together that none of the original flat top remains, the crests of the
ridges being narrow and in many places less than 10 feet wide. These
divides, however, have probably not been cut far below the level of
the original terrace. They are nearly uniform in height, sloping from
about 1,200 feet above sea level on the east to about £00 feet on the
west and they represent fairly well the slope of the terrace when
erosion began. The topography of Linda Vista Mesa is “young,”
" that of Poway Mesa is “mature,” showing that the higher terrace
has been exposed to erosion a much longer time than the lower one.

POWAY MESA.

The original extent of Poway Mesa can not be determined. Rem-
nants of it are preserved west and southwest of El Cejon Valley and
north of Poway Valley. At the time of the earth mcvement which
brought Linda Vista Mesa above seal level Poway 11esa probably
extended southward to the vicinity of La Mesa, westward over the
site of Miramar, and northward nearly to Black Mountain. Pre-
vious to that time it may have extended much farther westward.

Considerable interest attaches to this high terrace on account of
its possible relation to ancient stream gravel that extends eastward
as far as Witch Creek, as shown on Plate III. This gravel now caps
mountains which rise to elevations of 2,000 to 3,500 feet and it has
generally been regarded as marking the course of somo large ancient
river. As suggested by Fairbanks (see p. 41), and as shown on the
map (PL. III), Poway Mesa may be the delta of such a river. But
the region has been lifted 1,500 feet or more since the Poway Mesa
was formed, and probably most of the features of the highland have
since been developed, so that it is now impossible to visualize accu-
rately the physiography of that time. An explanation of the origin
of the so-called ‘‘placer gravels” which has been brought to the
attention of many residents of San Diego is that Colorado River once
may have crossed the country along the line of grave! deposits and,
‘flowing across the terraces and through the present site of San Diego,
entered San Diego Bay, and that the gravels, together with supposed
stream deposits on the terrace (and underlying San Diego), were laid
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down by this river. But it should be remembered that when Poway.
Mesa was being built the present site of San Diego was possibly
several hundred feet below sea level, and that the shore line must
have been at least as far east as Foster, so that no fluviatile depsits
in or near San Diego could reasonably be attributed to the same
origin as the stream gravels east of Foster. The origin of the st-eam
which deposited the gravels is altogether a matter of conjecture, but
it certainly had no relation to present topographic conditions.

MOUNDS.

The surface of Linda Vista Mesa and, to a less extent, the ter-aces
north and south of it are dotted with thousands of low, round
hummocks that range in height from a few inches to 3 feet and in
. diameter from about 3 feet to 15 feet. Over wide areas the7 are
found very close together, some being separated by less than & feet
(PL. VIII). Some casual observers have supposed them to have been
formed by gas-escaping from the freshly deposited material; others
believe them to represent the work of springs of water while the plain
was still near sea level. They are, however, no doubt correctly
ascribed to the action of the wind as it sweeps through the svarse
desert vegetation and blows away the loose soil except where it is
held by plant roots. One or two shrubs are generally found growing
in the center of-each hummock, though many of them are bare,
The barren hummocks merely indicate a former distribution of vege-
tation. These products of wind érosion are common features of arid
plains in western North America,' where, owing to the absen<e -of
wind breakers and the sparse soil the eroding power of prevailing
strong winds is particularly effective. A-report of the United S'tates
Weather Bureau 2 describes the ereding and transporting power of
the winds:

The winds throughout the entire section are light, except when northern storms
move southward, or when Sonora storms in the summer months move slowly north-
westward and recurve. There are certain well-marked winds, known as Santa Ana
or desert winds, which blow for periods of about three days from the north. These
winds are generally dust-laden, are very dry, and are extremely trying to human
and animal life. In San Diego County these are known as desert winds, as thex blow
rom the east; but in the other counties the direction is more from the north. Mr.
Campbell describes these winds as follows, in the Monthly Weather Reviaw for
October, 1906:

“They blow during periods of 3 to 6 or 9 days; but rarely last beyond 21 days.
They are cool winds to us here on the mountains, while on the const they are hot,

and are shn—drymg, lip-cracking, unpleasant visitants. After they reach the coast
the force is mostly out of them. Sometimes their force at Campo rivals a hur-icane.

1 8ee Chamberlin, T. C., and Salisbury, R. D., Geology, vol. 1, p. 22, 1904. See also Barnes, G. W., The
Hillocks-or meund formations of San Diego, Calif.: Am. Naturalist, vol. 13, p. 565; 1879, Wallac~, AHred
R., Glacial drift of California: Nature, vol. 15, p. 274, Jan. 25, 1877. Le Conte, Joseph, Hog wa'lows or
prairla mounds: Nature, vol. 15, p. 530, Apr. 19, 1877.

* MAdie, Aloxander, Summaries of climatological data, by sections: U, 8. Weailier Bureau Bull. W,
vol. 1, sec, 13, p. 2, 1912, -
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In places they pierce window panes with little round holes as if drilled by the
coarse gravel they carry like a dose of small shot. On my ranch on the Laguna
Mountains, at an elevation of 6,500 feet, all the east side is in big piune and oak timber
for some miles; yet on the last ridge overlooking the desert on the east, not a tree
grows for miles, although north and south they grow up to within 200 yards of it all
along. Even the brush changes on that last ridge from a growth of 8 to 10 feet down
to all dwarf, creeping and clinging close to the ground, but of th~ same variety as
the upright. These winds are so violent that they often tear dovn houses. Their
duration is from October to March. We generally get our first fall rains after the
blow is over; but this year the first rain, on the 15th, preceded thisone. If they come
in the spring after the first blooms form, both the blooms and the young fruit drop
off the trees after a short time. The barometer responds more quickly to an east
wind than to any other change of weather.”

ANCIENT BEACH RIDGES.

An interesting topographic feature on Linda Vista Mesa is a series
of low ridges that extend from Mission Valley northward for 6 to
15 miles, in many places being brought into exaggerated relief by
erosion. Most of these ridges are capped by a brigh-tred sandstone
which is indicated on the geologic map (Pl. III, in pocket). Por-
tions of three of these ridges, somewhat dissected by transverse
canyons but still easily identified are shown on Plate VII. The
letter ‘“A”” marks the northern extremity of a ridge that extends
south to Mission Valley; the letter ‘‘B” marks disconnected parts
of a ridge that also extends to Mission Valley. The ridge marked
“C” extends only short distances north and south of the edges of
the area shown on Plate VII. It is believed that these ridges were
formed by the waves along former shore lines just as similar ridges
are now being formed along the shore near the international boundary,
or in a manner very similar to that in which the rand spit that
extends from Coronado south to the mainland (see p. 25) was
recently formed. If the land were raised 100 feet San Diego Bay
would be entirely dry, and the sand spit would form a ridge which
would have very much the appearance of the old ridges on Linda
Vista Mesa. A more striking example of the origin of these ridges
may be seen in the much more recently formed sand ridge which
extends along the shore between the railroad and tls edge of the
bluffs from Delmar nearly to Oceanside and which for long dis-
tances cuts off the view of the ocean from +the train. This ridge
rests on the extreme edge of the mesa, as much as 100 feet above
sea level in many places, but it has been much more recently
elevated above the sea (see p. 69) than the higher ridges farther

east,
SAN ONOFRE HILLS.

North of San Luis Rey River the broad terracs and widely
separated canyons, characteristic of the mesa farther s-uth, give way
to high, rounded steep sloped hills separated by deep, narrow, inter-
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locking valleys. The hills reach elevations ranging from 500 t» 600
feet above sea level and have an average height of about 36( feet.
Beginning about 3 miles north of Ysidora and extending nort“west
to Arroyo San Mateo ‘the San Onofre Hills (including San € ~~fre
Mountain) rise to elevations of 800 to 1,735 feet, and are flanked on
the east by the dissected terrace, 300 to 500 feet high, which corre-
sponds-to Linda Vista Mesa and on the west by a low narrow sloping
plain bordering the coast. The San Onofre Hills are about 3 miles
wide and are intersected by several canyons which cut belo~ the
level of the terrace on the east. These hills are believed to have been
formed later than the terraces and probably owe their origin to an
upward movement of the land between the ocean and a fault that
extends along their eastern base.

MAJOR VALLEYS.

The valleys referred to in this report as major valleys are those
occupied by Santa Margarita, San Luis Rey, San Dieguito, San
Diego, Sweetwater, Otay, and Tia Juana rivers. They are cl ~rac-
terized by wide flat gently sloping floors, bordered by very steep
slopes or bluffs several hundred feet high, and they contain st~eams
that rise far back in the highland area.

Santa Margarits Vaelley—Halfway between Deluz station and
Home ranch Santa Margarita River leaves a rock gorge and enters.
a broad valley. As far downstream as the Home ranch this valley
is bordered on the west by granite hills and on the east by bluffs that
lead up to a terrace or mesa about 300 feet above the valley floor.
Below the Home ranch it is bordered on both sides by bluffe that
lead up the terrace. The valley is constricted at the Home ranch and
near Ysidora, but its average width is nearly a half mile. The river
is about 100 feet above sea level one mile north of the Home rnch,
and its gradient is about 10 feet per mile from this point to the ocean.

San Luis Rey Valley.—About 3 miles east of the San Luis Rey
Mission San Luis Rey River leaves its gorge in the highland area and
enters a flat-bottomed valley incised about 300 feet below the ter-aces.
At this point, approximately 8 miles from the ocean, the river is at
an elevation of about 90 feet above sea level. Its grade below this
point is about 11 feet to the mile. East of the mission the valley is
about 2 miles wide but farther downstream it becomes gradually
narrower, and near Oceanside it is hardly a tenth of a mile in vidth.

San Dieguito Valley.—San Dieguito River leaves its rock gorge about
6 miles from the ocean and erters a valley which opens abruptl~ to a
width of half a mile. At the mouth of the gorge the river is about
40 feet above sea level and thence to its mouth its gradient is about
7 feet per mile. Through the entire length of the valley the wills
rise precipitously 100 to 300 feet above the valley floor.
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Mission Valley.—Mission Valley, which is the valley of San Diego
River, extends from the rock gorge west of Cowles Mountain south-
westward to Mission Bay, a distance of 8 miles. From the mouth of
the gorge to the old San Diego Mission the valley is about a third of a
mile wide, and from the Old Mission to Old Town, a distance of 6
miles, it has a fairly uniform width of about three-fifths of a mile.
The valley floor is flat throughout its entire length, and from its
head to the vicinity of Old Town is bordered on both sides by precipi-
tous cliffs that rise 100 to 300 feet to the levels of the terraces. At
Old Town the terraces come to an end and the valley forms part of
the narrow coastal belt. The elevation of the river at the mouth of
the gorge is 100 feet above sea level, and the slope from this point
to the bay is about 11 feet to the mile.

Sweetwater Valley.—Sweetwater Valley extends from the vicinity

of Aloha, where it leaves the highland area, to San Diego Bay, a
distance of 8 miles. In this distance the descent is 100 feet, or 12}
feet per mile. This valley, like Mission Valley, has a fl~t bottom and
steep sides leading up to the terraces 100 to 300 feet above the valley
levels. It is, however, narrower than Mission Valley, being only
one-fourth to one-half mile wide. It follows a meandering course,
and in this respect is distinctly in contrast to the lower parts of the
other major valleys, all of which are more nearly straight.
. Otay Valley—Otay Valley extends due west fror~ the base of
Otay Mountain to the south end of San Diego Bay. Its sides are
high bluffs as far west as the village of Otay, but thence to the bay
the stream flows across a low plain. Otay Valley differs from the
other major valleys in that its grade is much steeper in the lower—
miles, about 25 feet .to the mile, and, in that the valley floor, instead
of being flat, slopes rather steeply from the base of the bluffs on each
side to the stream channel, which through most of its length is in the
middle of the valley. The significance of these features is discussed
on page 33.

Tia Juana Valley.—Tia Juana River crosses to the north side of
the international boundary at Tia Juana (Pl II, in packet) and ex-
tends westward 6 miles to the ocean. The valley floor at the bound-
ary is about a mile wide and is bordered on the soutl" by cliffs that
rise 400 feet above the river. On the north side of the valley the
bluffs, which extend northwestward toward Nestor and are more
than 400 feet high at Tia Juana, rapidly diminish in height and
leave a broad, plain through which the stream flows westward
between low sloping banks less than 25 feet high. The river is about
50 feet above sea level at Tia Juana, Calif., and slopes westward at
the rate of 8 feet to the mile. )

Origin of major valleys.—The features of the major valleys in this
region are due in part to the nature of the streams and in part to the
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alternate rising and sinking of the land. The major streams criginate
in the mountains and their headwaters drain large areas. The
precipitation is so great at certain times that large volumes of
water sweep through the valleys, but during long intervals the amount
of water collected in the highlands is so much smaller that it sinks
into the sands of the river beds as soon as it reaches the eastern
edge of the coastal belt. Broad streamways which intermittently
discharge large volumes of water are characteristic of streams in arid
regions, and this feature of the major valleys in San Diego County
is due in part to the action of flood waters. Unusually heavy floods
which swept the valleys of this area in January, 1916, furrished a
wealth of evidence as to the process and efficiency of flood erosion.
The accompanying photographs taken before and after the flood of
January, 1916, Plates IX, X, and XI, show results of flood erosion..
But the form of these valleys is in part due also to the fact that during a
recent period in the geologic history of the region the land stood
" higher than at present, and the major streams were able to cut their
valleys down to a level which is now 100 to 200 feet below the level
of the sea, as is shown by the logs of wells sunk in the valleys. (See
p.111). The streams have therefore partly filled their old valleys and
the widths of the present valley floors represent the distance I~tween
the valley walls possibly as much as 200 feet above their original
bases. That the sides of the walleys are generally very steep, and
in places nearly vertical, is due to the general aridity of the region.
The flood waters are efficient in removing talus material which falls
or slides down to the foot of the bluffs, but the tops of the bluffs
‘are not worn back as rapidly as in regions where the rains are more
frequent and the run-off on the surface is relatively larger. The
rainfall on the terraces is small and is rapidly disposed of by the
minor streams and by evaporation and percolation, so that, as in all
arid regions, higher and lower levels are separated by sharp breaks
and very steep slopes.

As mentioned on page 32, Otay Valley has a much steeper grade
than the other major valleys and its floor, instead of being flat, slopes
from the sides toward the stream channel. Moreover, records of
wells show that the filling in this valley is comparatively shallow.
These conditions indicate that Otay River, probably because it was
younger and smaller, was unable to erode its valley to the same depth
as the other major streams during the time when the land stood higher;
‘consequently when the subsequent lowering of the land carried the
bottoms of all the other major valley floors well below sea level only
a part of Otay Valley was submerged and that to a comparatively
shallow depth. Otay Valley therefore has characteristics of knoth the
major and the minor valleys.

115536°—19—wsp 446——3
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The lower parts of all the major valleys and some of the minor
valleys are marshy, and some of the streams are completely cut off
from the ocean by beach ridges. These features are discussed with
other coast-line features (p. 22).

MINOR VALLEYS.

The largest of the minor valleys are those occupied ty San Mateo,
Loma Alta, Buena Vista, Agua Hedionda, San Marco~ Escondido,
McGonigle, Los Penasqui-
tos, Soledad, Rose, and Las
Choyas creels. Los Pe-
nasquitos Creek joins Sole-
dad Creek 4 miles from the

. ocean, but £ll the other
’52‘ S creeks mentioned discharge
8% - . either directly into the -
~ ocean or into Mission or
San Diego bays. Most of

iy the minor valleys, however,
W™  are tributary to the major
gﬁ% valleys. Except Escondido
%ﬁ* Creek and Lo~ Penasquitos
;3; Creek, both of which rise to

s

the highland area, the minor
streams are confined to the
coastal region. In general
they occupy steep-floored
valleys, the distance from
the top of the terrace to the

FiGURE 1.—Tho Tecoloto drainage system, showing thean- 1100rs of the major valleys
gular courses of minor streams produced by ancient beach belllg usu ﬂﬂy ShOI‘t, and’

ridges on Linda Vista Mesa.
except at the mouths of
those that discharge into the ocean, they are without flood plains.
Some of the minor valleys cut in Linda Vista Mesa follow peculiar
angular courses, asillustrated by the Tecolote drainage system, shown
in figure 1. This condition is due to the control of the drainage by
the ancient beach ridges. The surface water, which would normally
flow westward in the direction of the general slope of the terrace, was
deflected to the north and to the south by the ridges until it was able
to out across them at right angles. Once established, the streams
deepened their valleys in these places. '

Ey 2
RIS

leLES

THE HIGHLAND AREA.
GENERAL FEATURES.

The highland area lies east of the coastal belt and extends from
the highest terraces and beyond the eastern boundarv of the area
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covered by this report. For the purpose of obtaining a general view
of the region, W. A. Goodyear in 1872 ascended Cuyamaca Mountain,
which rises to an elevation of 6,515 feet above sea level, in the erstern
part of the area. The following graphic description is quoted from
his report.?

The view from the summit of this peak is very extensive, reaching toward th- south
far into the Republic of Mexico and toward the north asfarasthe San Jacinto Peakand
Mount San Bernardino, while to the west and southwest the shore for many miles,
together with a very broad expanse of the ocean, are in sight; and to the northeast a
considerable part of the Coahuilla Valley or the northwestern part of the Colorado
Desert, and beyond it a long stretch of the southeastern continuation of the San Ber-
nardino range of mountains running to the Colorado River along the northeast side
of the Desert Valley, can also be seen. This is the best point from which to obtain a
bird’s-eye view of the general form and character of the mountains in the western
part of San Diego County.

Looking down from this standpoint over the surrounding region, the whole country
from just back of San Diego easterly to the western edge of the desert is like an angry
ocean of knobby peaks more or less isolated, with short ridges running in every pos-
sible direction and inclosing between and amongst them numeroussmall and irregular
valleys. As a general rule, the higher peaks and ridges rise from 1,000 to 2,500 feet
above the little valleys and canyons around their immediate bases. But in going
easterly from the coast each successive little valley is higher than the one immediately
preceding it, and the dominant peaks and ridges are also gradually higher and higher
above the sea until we reach the irregular line of the main summit crest or water divide
of the range, when the mountains break suddenly off and fall within a very few miles
from 4,000 to 5,000 feet or more with an abrupt and precipitous front toward the east
to the western edge of the desert.

Together with the coastal belt, the highland area has been r>peat-
edly raised and lowered with respect to the sea level, but so far as is
known these oscillations have not carried this highland area below
sea level since an early geologic time. During all the time thot the
upper formations underlying the coastal belt were being laid down,
- and while the terraces were being formed and dissected, the high-
land area stood above the sea and was undergoing erosion. The
movements of the land surface with respect to sea level produced
results in the coastal belt that are readily recognized in the stricture
and topography. But in the highland area the effects were princi-
pally manifested in changing the gradients of the streams and, to
some extent, in faulting and folding the rocks. In an area of crys-
talline rocks such as this neither the particular results of the several
movements nor the chronologic order of their occurrence are readily
detected. For this reason the physiographic history of the highland
area is much more obscure than that of the coastal belt. Hovever,
a general conception of the origin and growth of the mountains and
stream valleys may be obtained from a study of their individual
characteristics and their interrelations.

1 Goodyear, W. A., S8an Diego County: California State Min, Bur. Eighth Ann, Rept., 1887-%8, p. 520.
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THE MOUNTAINS.
GENERAL RELATIONS.,

The mountains of the highland area belong to what has been called
the Peninsular Range. As stated by Fairbanks, this range extends
southward, “forming the backbone of the peninsula of Lower Cali-
fornia. Northward it becomes broader and more complex, rising in
the lofty San Jacinto and San Bernardino ranges on the east, and
the Santa Ana Range on the west, while the region between is filled
with mountains and valleys irregularly disposed.”

It will be seen from the map (Pl. II, in pocket) that in the area
discussed in this report there is little regularity in the distribution
of mountain peaks—that they do not lie in distinct ranges. Eleva-
tions of about 6,000 feet are common in the northeastern part, the
principal peaks being Morgan Hill (elevation 5,628 feet), Palomar
Mountain (6,126 feet), Hot Springs Mountain (6,250 feet), North Peak
(6,028 feet), Middle Peak (5,750 feet), and Cuyamac~ Peak (6,515
feet). The general elevation of the eastern half of thae area is more
than 3,000 feet above sea level; that of the western half ranges from
500 to 1,500 feet above sea level, though a few peaks, such as Otay
Mountain (elevation 3,572 feet), San Miguel Mountain (2,573 feet),
El1Cajon Mountain (3,680 feot), and Woodson Mountain (2,890 feet),
exceed 2,500 feet.

The southern slopes of the mountains are commonly nearly barren
of vegetation, but most of the northern slopes are covered by chapar-
ral and scattered groves of isolated trees of cedar, oak, live oak, pines,
and firs. Excellent grazing is found on many of the mountain slopes
and in nearly all the valleys.

Notwithstanding the complexity of the surface features, as seen
from an elevated position or as shown by the topog-aphic map, a
number of features afford a certain degree of uniformitz. The divide
between the ocean drainage on the west and the gulf drainage on the
east trends northwesterly, a direction roughly paralle! to the shore
line. The same general direction is followed by numerous dikes
throughout the highland area, by a scarplike range of low hills at the
eastern edge of Poway Mesa, by the range composed of porphyritic
rocks (including Otay Mountains, San Miguel Mountain, and Cowles
Mountain) and by the San Onofre Hills. Close field observation
reveals among the smaller features a considerable deg-ee of parallel-
ism to this direction that is entirely masked by tha larger topo-
graphic forms shown on the map.

ORIGIN.

In general the mountains of this area have been regarded as due
principally to erosion. It is believed that previous to the elevation

1 Fairbanks, H, W., The physiography of California, reprinted from Am. Bur, Geog. Bull,, vol. 2, pp.
232-252, 320-350, 1001,
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of the land it was a peneplain—that is, a region reduced by stream
erosion until it had cemparatively little relief—and that as tks land
was raised the streams were rejuvenated and cut their valleys to their
present depths. Evidence of the former existence of a peneplain is
found on the tops eof many ef the mountains throughout the area.
- Fairbanks ! describes this evidence as follows:

The features of an ancient base level are particularly noticeable upon tt 2 crests
of the mountains and ridges. The summit of Smiths Mountain as well as that of the
Laguna Mountains are fine examples of flat topped. Viewed from a point east of
Fallbrook, the western slope of the mountains forms a nearly even sky lins gently
dipping toward the coast. The present canyons have been eroded in this ancient
plain and in many cases they have widened to extensive valleys. The main streams
are completely graded, flowing over a sand floor.

Stream erosion has probably been the principal direct agent in
producing this topography, and eresion is notably affected by rising
or lowering of the land surface. Such movements are also frequently
accompanied by a certain amount of faulting. Some of the topo-
graphic features are due primarily to faulting. Smiths Mountein and
the range of peaks forming the divide owe their origin te faulting, as
explained by Fairbanks ? and as indicated by the California Earth-
quake Commission. Three faults, presumably of considerable
magnitude, one on each side of Smiths Mountain and Warners Valley
and one aleng the east side of the San Onofre hills, are shown en the
map published by the California Earthquake Commission (see L. III)
and small faults, showing displacement of a few feet, are numerous
throughout the area. Plate XII shows a small fault enceuntered in
the Himalaya mine, near Mesa Grande. In an area of crystalline
rocks, however, it is exceedingly difficult and often imposs'ble to
detect faults which are too large to be identified by the displacement
of minor structures, such as joints and veins, and which, though of
sufficient magnitude to modify the topography, are still teo small to
show the zones of shearing and crushing characteristic of great faults,
In such an area therefore many faults of moderate size are treceable
only by topographic evidence, and as that kind of evidence is rarely
conclusive, knowledge of the extent to which faulting ef this character
has been effective is necessarily indefinite. The geologic history and
the structure of the region make it reasonable to suppose that faulting
has centributed toward the development of the present topography
of the highland area in two ways—first, directly, by lifting certain
blocks of the earth’s crust higher than others and so forming moun-
tains; and, second, indirectedly, by fracturing the rocks so that in
places they were more easily worn away by the streams (see p. 49),
and valleys were formed.

1 Fairbanks, H. W., The physiography of California: Am. Bur. Geog. Bull., vol. 2, pp. 232-2r2, 320-350,
1901,

2Idem, p. 350. Seealso Report of California State Earthquake Commission, Andrew C. Lawson,
chairman, 1910, Atlas, Map No. 1.
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THE RIVER VALLEYS.

The principal streams of the highland area rise near the divide and
flow to the ocean. Except where they cross the valley plains they
occupy deep narrow gorges whose walls are of rock but whose floors
are very commonly of sand. Well borings have shown that the rock
bottoms underlying the débris in many of these valleys are more than
50 feet below the present stream beds. The presence of so much
filling in all the principal valleys is regarded as an indication that the
stream gradients have been lowered-either by a general sinking of the
land in the eastern part of the highland area or by rising of the land
in the western part. It is also possible that the alternate cutting and
filling of the valleys may have resulted in part, at least, from changes
in stream flow due to changes in climate.

San Luis Rey Valley.—San Luis Rey River rises in Varners Valley
at the foot of Palomar Mountain and flows southwestward over a
sandy bed to the west corner of the valley, where it turns sharply
to the northwest and enters a narrow and deep canyon which skirts
the foot of Smiths Mountain. The river flows on a rocky bed from
the point where the canyon becomes wider and contains a deposit of
valley fill over which the stream flows. From the Rinccn Reservation
to Bonsall, near the western side of the highland area, tte valley of the
San Luis Rey contains deep deposits of valley fill, and from Rincon
to the east side of Monserate ranch the stream has cut an inner canyon
about 200 feet deep through valley fill. The explanation of this
condition is that at an early period, while the land was rising, the San
Luis Rey cut its bed to a position considerably below the present
bed; that subsequently the land was depressed and this valley was
filled by the river with rock débris to a level about 200 feet above the
present stream, and that the land was again elevated so that the river
cut down through the fill to its present position.

The total fall of the San Luis Rey from its headwaters to the edge of
the coastal belt is 2,675 feet, or an average of about 6C feet per mile.
The fall is everywhere only about 35 feet per mile except between the
west corner of Warners Valley and the Rincon reservation. Between
Warners Valley and Pala the San Luis Rey receives no tributaries
from the south. All the area south of this part of the river drains
southward to the Santa Maria.

San Dieguito Valley.—San Dieguito River, which is called Santa
Ysabel Creek in its upper course, rises on the soutlwest slope of
Volcan Mountain, one branch heading in the south corner of Warners
Valley, and flows in a fairly direct southwesterly course to the ocean.
The streams that form its headwaters occupy narrow canyons
developed along a fault line, the southwest wall of the canyons being
a continuation of the southwest wall of Warners Valler. The drain-









PHYSIOGRAPHY. B

age on the north side of Santa Ysabel Creek reaches it throug™ short
parallel streams that flow almost due south; that on the south side of
the creek, however, does not enter the main stream directly but forms
Santa Maria Creek, which flows parallel to the Santa Ysabel through
the Santa Maria plam and joins San Dieguito River in San Fasqual
Valley. Through a large part of its course the main strear: flows
over valley fill, but it has not cut so deeply into the fill as Ias the
San Luis Rey in part of its valley.

San Diego Valley.—San Diego River rises on the table lard near
Julian, and all its headwaters flow west or northwest until they reach
the deep canyon through which the main stream flows and which
extends southwestward. Above El Cajon Valley no large streams
enter the river on the north side, but on the south it receives many
streams of considerable size. The area lying immediately north of
the San Diego is drained by San Vicente Creek, which flovrs in a
course roughly parallel to that of the San Diego, to its junction with
the latter near Lakeside.

Sweetwater Valley and other valleys. ——Sweetwaber Valley and the
valleys of Cottonwood and Pine Valley creeks, in the southern part
of the area, are essentially like the valley of the Santa Ysabel. Sweet-
water River rises just east of Cuyamaca Peak, on a table-land into
which its headwaters have cut deep canyons, and flows southwest-
ward to the ocean in a course parallel to courses of the Sante. Maria
and the San Dieguito. Between the headwaters and Dehesa the
river receives several tributaries of considerable size on the south
side but none at all on the north side, all the country between Sweet-
water Valley and San Diego River being drained by tributaries of the
San Diego.

Cottonwood Creek, to which Pine Valley Creek is tributarr, rises
somewhat farther south than Sweetwater River and flows in a more
southerly direction to the eastern base of the San Ysidro Mountains
where it joins the Rio del Tecate to form Tia Juana River.

" The fall of Sweetwater River between its head and Sweetwater
dam is 4,300 feet, or nearly 100 feet per mile. The fall between the
head of Pine Valley Creek and the junction of Cottonwood Cresk with
Rio del Tecate is about 4,000 feet, or about 70 feet to the mile.

Peculiarities of drainage systems.—The drainage of the highland
area as a whole presents a number of striking peculiarities. In all
the principal valleys there are places where the bedrock floor is
deeply buried beneath detritus. In several of the valleys the streams
are flowing on the rock bottoms of narrow gorges at places farther
downstream than those where there is so much ﬁllmg In some of
the latter places the rock floor beneath the filling is so low #s com-
pared with the bottoms of the rock gorges farther downstream as to
indicate either that the filled parts have sunk as compared with the
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gorges or that the gorges have been raised as compared with the filled
parts, or, in other words, differential land movements have taken
place. The drainage basins are unsymmetrical, so that most of the
streams have more and longer tributaries on one side than on the
other. This arrangement may have resulted from tilting of some of
the blocks of the earth’s crust ds they were raised or lowered.

The pattern of the streams, as drawn on a map, shows that there
is a tendency in parts of the region for the drainage tc follow nearly
parallel courses and to make rectangular changes of direction. These
conditions are believed to be due to control of the drainage by faults
or other structures in the rocks.

AN ANCIENT RIVER VALLEY.

It is believed that previous to the establishment of the present
drainage systems at least the central part of the highland area was
drained by an ancient stream a part of whose course is now indicated
by a line of stream depos1ts (see P III, in pocket), that extend from
Witch Creek southwestward nearly to Foster. The evidences of
this old drainage line are described by Fairbanks? as follows:

It is not generally known that an acient auriferous gravel charnel exists in the
county. It begins about a mile north of the old stage station, an? 3 miles west of
Ballena post office, where there rises a hill shaped like a whale’s bacl- (hence the name
Ballena), covered with washed gravel and boulders. The main port‘on of the channel
* which has escaped erogion begins south of the stage station, capping a hill which
has an elevation above the sea of 2,400 feet, being a little lower than the so-called
Whale Mountain. The gravel is 50 to 100 feet thick, and has a wid*h of 2,000 feet or
more. It rises 300 to 500 feet above the valleys and canyons on its rides. It extends
in a direction a little south of west for about 4 miles, terminating on the south of
Santa Maria Valley. A granite ridge runs 2 or 3 miles farther in tte same direction,
probably preserved by the gravels, which are now gone. A pretty valley, a mile long,
has been eroded in the eastern end of the gravels, down to the underlying granite.
Placer mining has been carried on {for years here in a gmall way by Mexicans. Gold
is said to be scattered everywhere through the gravels, which are often very firmly
cemented. Lack of water, for the ridge is higher than any of the surrounding country,
has prevented work on a large scale. Lately a mining district has been organized, and
it is proposed to bring water 7 miles in pipe. In the gravels are washed boulders,
many of them being 2 feet in diameter and well polished. The remarkable thing
about them, however, is that they are nearly all porphyries. The most abundant is
a red feldspar-quartz porphyry. Quartzite boulders of all colors are numerous, and
there are a few of the basic diorite so common in portions of the county. Garnets are
said to be very abundant in the gravels, and many boulders of a scl ist carrying them
are also present. The matrix of this rock could not be made out in the field; it is very
tough and heavy, and has never been seen in place. The red p>rphyry boulders
resemble those on the mesa farther west, but have never been found in place. Never,
in the mountains east or north, has porphyry of this kind been seen. either by myself
or described by others. From the old stage station the upper course of the stream was
north and south as far as it can be traced. There are indications that one branch

1 Fairbanks, H. W., Geology of San Diego County, also of portions of Crange and 8an Bernardine coun-
iies: California State Min, Bur. Eleventh Ann. Rept., pp. 91-92, 1893.
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extended easterly toward Julian. These gravels appear on a hill surrounded by deep
canyons, about 2 miles east of the top of the grade above Fosters. At the tap of the
grade the hills on the west are flat-topped, and covered with gravels to a depth of 150
feet. These have much the same character, and probably belong to the same channel.
More investigation is needed to determine whether the course of the old st-eam was
down toward the San Diego River, in Cajon Valley, or west toward the high mesas
south and southeast of Poway Valley. It seems probable, however, that the stream
flowed west, and that the mesas have been formed partly from the bowlders which
they brought down. This mesa, as well as the gravels at the head of the grade, hasan
elevation of 1,500 feet. The source of the porphyry boulders and the garnetiferous
schists of this old river is & matter of great perplexity. The gravel deposit has every
characteristic of an old river channel, and not that of an elevated arm of the sea;
besides, the presence of gold in the gravels indicates their derivation from th~ country
farther east. The gold may have been derived from Julian or Mesa Grande. or some
more remote point. The river must have flowed across the gold belt, but then the
question arises, how could a river of such magnitude have existed so near the summit?
The only way out of the difficulty is to suppose that a great uplift has taken place
along the crest and western slope, coupled with an enormous amount of erosion; and
that this stream once, before this great change took place in the configuration of the
country, headed many miles to the northeast, far beyond the drainage of the western
slope. The boulders consist largely of hard rocks, and are very smoothly rovnded and
polished, indicating that they have been transported a long distance, and subjected
to attrition through a protracted interval. '

The peculiarities of the present drainage system, together with
the evidence of an earlier drainage, indicate not only that the land
surface in this area has undergone changes of level of considerable
magnitude but also that these disturbances have been accompanied
by warping and slight differential movements.of the crust which
have produced faults and folds throughout the area. It is probable
that many of the present drainage lines have been developed in part
along depressions created by crustal movements and in part along
fault lines and zones of crushed and weakened rocks, caused I'y those
movements.

HIGHLAND BASINS.
GENERAL FEATURES.

Comparatively flat tracts, some of them surrounded ty steep
mountain walls, cover many square miles within the highlend area
and form the broad valleys or basins that are referred tc in this
report as highland basins. El Cajon Valley (P1. XIIT), Santa Maria
Valley (see fig. 2), and Warners Valley are typical examples. They
bear about the same relation to the stream valleys that lal-es ordi-
narily bear to rivers—that is, they form nodes or local enlarrements
which in size are out of proportion to the main stream valleys. Thus
El Cajon Valley, a little more than halfway between the hoad and
mouth of San Diego River, forms a broad, nearly square besin that
extends 6 miles in the direction at right angles to the course of the
river and more than 5 miles in the direction parallel to the river.
The river valley both above and below this basin is in most places
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F1GURE 2.—Sketch showing topography of Santa Marla Valley in vicinity of Ramona.

less tl'an a quarter
of a mile wide and
does not exceed
three-quarters of a
mile in width even
in Mission Valley,
near the mouth of
the river.

The floors of
these valleys are
comy aratively
smooth and slope
gently toward the
streams to which
they #re tributary,
being in thisrespect
distinctly in con-
trast to their rug-
ged surroundings.
Thin deposits of al-
luvium, with minor

“amounts of wind

deposits, underlie
all parts of these
basins, except in
Warners and San
Felipe valleys,
where lake deposits
occur. In the cen-
tral parts of the ba-
sins, where the al-
luviun - has* been
spread out by flood
waters it ranges in
thicknessfrom only
a few inches to sev-
eral feet, but in the
slopes near the bor-
ders of the basin
the thickness of the
deposit may be 30
feet or more. The
alluvium is under-
lain ty granite,
which i+ thoroughly
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disintegrated at the surface, but becomes gradually firmer below the
surface and is solid at a depth ranging in general from 50 to 100 feet.’
At some places south of Fallbrook this residuum is not move than
10 feet thick, and at a few places, especially northwest of Escondido,
fresh granite outorops at the surface.

Each of the highland basins is crossed by one or more streams, but
there is apparently no genetic relation between the streams and the
basins. San Diego River flows along the northern edge of F1 Cajon
Valley; the headwaters of San Luis Rey River lie in the extreme
northern part of Warners Valley, and in the lower part of its course
this stream crosses near the middle of Fallbrook Plain; Es-ondido
Creek crosses near the north end and San Dieguito Creek reoar the
middle of the Escondido plains; and Los Penasquitos Creek flows
along the south wall of Poway Valley; and there is no clear evidence
that the general topography of any of the basins is due to erosion
by these streams.

In accordance with their geographic distribution, the Fighland
basins are grouped into three belts. The first belt, or lower basins,
includes Fallbrook Plain, Escondido, Poway, and El Cajon valleys.
Poway Mesa is also included in this belt of basins, because the rock
floor on which the deposit that now forms the mesa was laid is
believed to be similar to and genetically related to the basin floors
on the north and south of it. The second belt, or intermediate
basins, includes Bear Valley and Santa Maria Valley; and the third
belt, or higher basins, includes Warners and San Felipe valleys.

LOWER BELT.

Fallbrook Plain.—Fallbrook Plain extends from Santa Margarita
River, at the foot of Gavilan and neighboring mountains, sonthward
to the valley of the San Luis Rey, and from Red Mountain westward
to the eastern edge of the sedimentary rocks underlying the coasta]
belt. Its surface is gently rolling, but a few hills are scatter>d along
its western edge. The bedrock is prinecipally granite, vhich is
decomposed at the surface, the residyum being 50 to 100 feet deep
over most of the area, but only a few feet thick or entirel;” absent
in some places, where fresh rocks lie near to the surface or are
exposed. The elevation of Fallbrook Plain ranges from 500 feet to
about 700 feet, the mean elevation being about 600 feet.

South of Fallbrook Plain and separated from it by the valley of
the San Luis Rey another basin extends southward to Sar Marcos
Creek and from San Marcos Mountains westward to the sedimentary
rocks. This basin was originally of the same character ard origin
as Fallbrook Plain, although it has been made more rugged by ero-
sion by the headwaters of seven or eight small streams that, rise at
the foot of San Marcos Mountains. The surface is covered by resid-
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uum, and the average elevation is about 500 feet. At its southern
‘end this basin swings eastward along the northern base of Cerro de
las Posas and joins Escondido Valley, where, owing to lass favorable
conditions for stream erosion, the surface becomes much smoother

Escondido and Poway valleys.—Escondido Valley is boinded on the
north by the south ends of the San Marcos Mountains, Merriam
Mountains, and Burnt Mountain, and extends southward (including
Poway Valley) to Los Penasquitos River and the base of the cliff of
Tertiary gravels that forms the side of Poway Valley. It is 4 to 8
miles wide. On the east it is bounded by highlands that are more
than 2,000 feet in elevation and that include Las Lomas Muertas and
Woodson mountains, and on the west by Mount Whitney, Black
Mountain, and intermediate peaks. The topography of this basin is
not essentially different from that of Fallbrook Plain, though the
mountain wall on the west gives it a more basin-like appearance,
The surface is much smoother in the vicinity of Escondido than
elsewhere owing to deposits of alluvium which have filled many of the
hollows. The surface rises slightly between Escondidc and Poway,
becoming rougher, like the area between the San Luis Rey and the
San Marcos, and it is crossed by San Dieguito River, wkich has cut a
narrow valley to the depth of about 400 feet below the level of
Escondido. Twin Peak, rising to an elevation of 1,312 feet, and sev-
eral lower granitic hills in its vicinity nearly separate Poway Valley
from the northern part of the plain. The mean elevation of Escon-
dido Valley is about 700 feet, and of Poway Valley about 500 feet
above sea level.

The formation that lies at the surface over the greater part of the
basin is residuum popularly known as decomposed granite. It
extends to depths of from 40 to about 100 feet, and is underlain by
solid granite. Along Escondido Creek beds of sand and gravel that
occupy an old rock valley of the stream have been penetrated to
depths of 30 to 40 feet by well borings that have failed to reach
bedrock. ‘

Poway and El Cajon valleys are separated by Poway Mesa, which
is 1,000 to 1,200 feet in general elevation and is under!ain by coarse
gravels mixed with more or less sandy clay that stand in steep slopes.
These gravels form most of the north slope of El Cajon Valley, and
along this slope granite can be seen underlying the gravels at an eleva-
tion about 500 feet above the sea. ~The Beaver oil well (K 22, PL. II
and p. 68) was drilled almost exactly in the center of Poway Mesa at an
elevation of 1,000 feet above sea level, and it was reported that granite
was reached at a depth of about 800 feet. According to this informa-
tion the elevation of the bedrock at this point between Poway and
ElCajon valleys is about 300 feet above sea level. The position of the
rocks here and under the gravels north of San Diego Fiver indicates
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that there is no important break in the surface of the rock ﬂoor
between Poway and El Cajon valleys.

Practically all the material penetrated by the Beaver oil well
consisted of the gravels and sandy clays that are exposed in all the
canyons in the Poway Mesa, but immediately overlying the 1-adrock
the well encountered a deposit that probably corresponds to t~e marl
in El Cajon Valley. If the meager information in regard to this
material is correctly interpreted it indicates that previous to the
deposition of the gravels of the mesa the underlying rock surface was
submierged in the waters of a bay which for a long time was receiving
very little sediment from the land on the east.

El Cajon Valley—El Cajon Valley, which has a mean elevation of
about 500 feet, is bounded on the north by Poway Mesa, on the east
and south by granite walls that rise 500 to 1,500 feet above the valley
floor, and on the west by a steep, wave-cut slope composed of Ter-
tiary deposits. At least six terraces are preserved along this ~vestern
wall at elevations of about 440, 570, 650, 688, 760, and 800 fee* above
sea level, respectively. Cowles Mountain, through which San Diego
River has cut a gorge, forms a short stretch of the west boundary.
This valley is not unlike the basins previously described, the only
noteworthy difference being that, except where cut by the narrow
gorge of San Diego River, it is completely inclosed by higl walls,
and from this fact it derives its Spanish name, meaning “th» box.”
The length of the valley north and south is about 5 miles, and the
average width east and west about 4 miles. A thin layer of alluvium
covers the surface, but under this residuum or decomposed granite,
in places extending to depths of 25 to 50 feet, has been encontered
“in a number of wells. At seweral places in this valley, however,
wells passing through the alluvium at the surface have entered a
calcareous clay resembling marl, which along San Diego River west
of Lakeside was found to be more than 200 feet thick. This raterial
is believed to have been deposited in quiet waters that oncupied
El Cajon Valley before and during the time that the gravel and clay
of Poway Mesa was being deposited. That El Cajon Valley was not
deeply filled by Tertiary deposits and later excavated by ernsion is
indicated by the absence of any identifiable remnants of such deposits
along the eastern and southern walls of the valley and on the valley
floor itself, and by the absence of any stream competent to remove so
completely so large an amount of material. It is therefore concluded
(1) that comparatively little sedimentation took place in tho basin
while it was submerged, and that Tertiary deposits along tl'~ west
side were distributed by shore currents, and (2) that the distribution
over this valley of the deposits which form Poway Mesa as well as
other high terraces was prevented by the headland formed by San
Miguel Mountain and the islands offshore, comprising what sre now
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Cowles Mountain, Black Mountain, Mount Whitney, and inter-
mediate peaks, which directed the shore currents along their western
sides.

‘When the land was elevated the bays were gradually drained, the
water which occupied El Cajon Valley escaping through the narrow
passage now occupied by San Diego River; and the terraces on the
west wall of the valley indicate the successive stages of uplift while
the waves in the bay were washing against the steep wall of sediments.

Origin of the basins of the lower belt.—All the highland basins thus
far described, together with the rock surface underlying the gravels
of Poway Mesa form a belt which may be regarded as a structural
unit. The gravels of Poway Mesa are evidently marine deposits, as
is indicated by their position and structure. At the time of their
deposition the underlying crystalline rock basement was submerged.
El Cajon Valley and Poway Valley were submerged at this time,
together with the marls of marine origin underlying it, and by the
marine deposit on the northwest side of Poway Valley; ut no direct
evidence that Escondido Valley and Fallbrook Plain wer~ submerged
has been obtained. No evidence was discovered in this area indi-
cating that these basins might have been produced by marine erosion
before the deposition of the gravels, but this present lacl: of evidence
is not considered sufficient reason to abandon altogether the theory
of marine erosion, and further study of this problem is highly desir-
able. However, other features of the highland area afford evidence
that this surface is a part of a more extensive base level, and that it
owes its present position relative to the adjacent highlands on the
east to the earth movements which have characterized the geologic
history of this region.

INTERMEDIATE BELT.

Approximately parallel to the belt of basins previously described
and about 10 miles east of it there is a second belt of basins that show
the same similarities in geology and topography that have been
pointed out in regard to the western belt. This belt includes Bear
Valley and the broad area of low relief that extends 5 or 6 miles
northward nearly to the Pauma grant, the south half of the Guejito
grant, and Santa Maria Valley. The basins in this bolt are from
1,000 to 1,500 feet higher than those in the first belt, end they are
more definitely separated by deeply eroded canyons. ITevertheless,
they correspond very closely in their physical features and were
obviously connected previous to the development of the canyons
which now separate them. .

Bear Valley.—The area lying south of the Pauma grant and includ-
ing Bear Valley is an elevated table-land about 1,500 fe~t above sea
level, very irregular in outline but definitely bounded in every direc-
tion except the southeast by deep valleys and sharp peaks and ridges,
whose summits correspond in elevation with the general level of this
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area. Alluvium and residuum underlie the surface except where
small rocky hills rise above the general level. In the southern part
of the area is a deposit of val'ley fill, the extent and thickness of which
was Dot ascertained, but it is neither so thick nor so extensive as the
fill in El Cajon Valley or in Escondido Valley.

From the eastern end of Bear Valley the land surface rises gre dually
to the boundary of the Guejito grant, where it reaches a broad rolling
table-land, 2,000 feet above sea level, that comprises about 7,000
acres, and extends 8 miles southward to San Pasqual Valley. The
physical features of this basin are essentially like those of the area
previously described. It is bounded on the north by Roderick
Mountain and Pine Mountain, which rise to elevations of about 3,800
and 4,100 feet above sea level, respectively, but on the east and south
it is bounded by deep valleys. On the west there is a broad area of
very rugged topography but the summits of the peaks corresyond in
general elevation with this plain. .

Santa Maria Valley—Santa Maria Valley is separated from the
Guejito basin by the canyon of Santa Ysabel River and San F~squal
Valley, which have been cut to a depth of about 1,000 feet below the
level of Santa Maria Valley. The mean elevation of Santa Maria
Valley is about 1,500 feet. Its surface is gently rolling and is formed
by alluvium and decomposed granite, except along the course of
Santa Maria Creek, which crosses about the middle of it, whers sand
and gravel of fluviatile origin occur. This basin is roughly circular
in outline and is approximately 6 miles in diameter. It is bounded
by broken country of high relief distinctly in contrast to the topog-
raphy of the valley itself, in which granite hills that rise to elevations
500 to 1,000 feet higher than Santa Maria Valley are commeon.

Just east of this basin and separated from it by a narrow belt of
rough country there is an area similar in character and nearly as
large, which stands at an elevation of about 2,300 feet. This area
includes Santa Teresa Valley. It is more indefinite in outline and”
somewhat rough, but its surface is distinctly more even than that
of the country surrounding it.

Other basins.—In the southern part of the highland area thore are
a large number of smaller basins similar to those just des-ribed.
Some of them are very definitely bounded by mountain walls; for
example, Jamul Valley (elevation, 1,000 feet), whose sharp trisngular
shape is a striking feature, and Padre Barona Valley (elevation,
1,500 feet), which, although closely surrounded by high peaks and at
least 500 feet above the base-level of its small drainage system, has a
floor so nearly flat that it is almost marshy in places. Other basins
are Irregular and more or less indefinite in outline and stand at eleva-
tions successively higher from the edge of the coastal belt ea~tward
" to the divide.
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HIGHER BELT.

East of Bear and Santa Teresa valleys is a third belt of character-
istic basins which includes Warners, San Felipe, Dodge, and Oak
Grove valleys. Of this group only Warners Valley was studied in
the field, but the topographic map shows that all correvpond rather
closely in elevation, and particularly that Warners Valley and San
Felipe Valley are essentially the same in their topographic relations
to their surroundings. The logs of a few wells in San Felipe Valley
and some general information in regard to that area (p. 206) support
the topographic evidence.

Warners Valley is nearly square and comprises abot 32 square
miles. Tt is bounded on all sides by steep mountain walls that rise
on the east, south, and west more than 1,000 feet, and on the north
more than 3,000 feet above the valley floor. The vallay floor com-
prises areas of rolling land, flat river floodplains, and o small group

_of low rocky buttes, called Monkey Hill, which lies a short distance
from the southwestern side of the valley. Some granitic residuum
occurs in the valley but most of the valley foor is formed by sediments
that were deposited in an ancient lake. Shore features, beach ridges,
deltas, and terraces, composed largely of gravel formed in this lake
are preserved on all sides of the valley but are most definite on the
northeastern, southeastern, and southwestern borders. The north-
eastern and southwestern edges of the valley coincide with fault
lines, as shown by the California Earthquake Comriission,® and
characteristic evidences of faulting are displayed along the south-
western edge. It seems probable also that the valley is bounded on
the northwest and southeast by faults, and that it was produced by
faulting.

ORIGIN OF HIGHLAND BASINS.

The correspondence in the elevations of the basins in each of the
three belts has been pointed out, and also the fact that the belts are
successively higher from the coastal region eastward. There is,
moreover, in. all of the region lying east of the first belt of basins, a
notable correspondence in elevation between the summits of most
of the peaks in the broken areas and the basins. In fact, if, in the
region east of Escondido and El Cajon valleys, all the canyons were
filled up level with the basins of the highland belt thare would be
reconstructed an extensive rolling plain sloping gently toward the
west. Along the eastern border of the area this plein would be
broken by a range of mountains, including Palomar, Volcan, and
Cuyamaca peaks, but farther west the summits of most of the peaks
and ridges would coincide with the plain, so that only widaly separated
buttes would rise considerably above the general level. On the west

1 Rept. California State Earthquake Commission, Andrew C. Lawson, chairman, 1917, Atlas, Map. No. 1.
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~ this plain would be level with the summits of Monserate Mountain,
the San Marcos and Merriam mountains, and with the heights all
along the eastern borders of Escondido, Poway, and El Cajon valleys,
but along the eastern edge of the first belt or lower basins it would
suddenly end and the surface would fall in steep slopes 500 feet or
more to the level of the Fallbrook, Escondido, and El Cajon basins.

These relations indicate that in an earlier geologic time a plain of
this kind really existed here, that the present high, flat areas so
widely distributed throughout the region are remnants of it, and that
the present topography is due principally to stream erosion which
progressed gradually as the region was elevated from its original
low position to its present altitude. But as a result of a certain
amount of faulting that took place while the land was being raised
some land masses were elevated more than others. Thus Falomar
Mountain and Volcan Mountain and some of the other peal+ were
raised high above their surrounding regions. According to 1ferrill?
(see p. 37) faulting and folding have probably been important
factors in the development of the present,topography of tho high-
land area. He states that this ‘“‘is an anticlinal area including
minor synclines. The various anticlinal and sync¢linal folds are
intersected by parallel faults at right angles to their axes and conse-
quently with northeast trend. These faults have cut the formation
into blocks which pitch northwesterly.”” The differential elevation
and tilting of fault blocks west of Smiths Mountain and Cuyamaca
Mountain have not been so directly instrumental in producing the
present topography as erosion has been; but indirectly by their
effect on drainage, as suggested on page 37, they have probably
been influential throughout the entire region. The presence of
faults along the western edge of the highland area has mot been
established, but considering the general topographic and strictural
relations of the region as a whole and the present lack of definite
indications of marine erosion in the basin areas, it seems exiremely
probable that the Fallbrook, Escondido, Poway, and El Cajon
basins, and the rock basement of Poway Mesa, were originally parts
of the extensive base level on the east, and if they were it is impnssible
reasonably to account for their present topographic relation to the
highlands on the east except by the theory that, as a result of faulting
or exceedingly sharp folding along their eastern borders, tke land
surface on the east was raised nearly 1,500 feet higher than it was
west of those borders.

The range of mountains along the western edge of the highland
area, including Otay, San Miguel, Cowles, and Black mountains, was
probably brought into relief primarily by erosion previous to the

1 Merrill, F. J. H., Geology and mineral resources of S8an Diego and Imperial counties: Califcrnia State
Min. Bur. Biennial Rept., 1013-14, p. 8, 1914,
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elevation of the land farther east and, like the rangye including
Cuyamaca and Laguna mountains, rose to a considerable height
above the ancient base level, but it seems also to have been involved
to some extent in differential crustal movements which may have
included faulting, as is indicated by the fact that all the large streams
cross this range through rock gorges floored with solid rock, whereas"
immediately east of the range these streams flow over débris-filled
valleys whose rock bottoms lie much lower than the rock floors of
their canyons through the felsite range.

GEOLOGY.
By A.J. Euus.
GENERAL STATEMENT.

The area discussed in this report is divisible geologically into two
provinces, one, comprising a region of crystalline rocks that extends
from the eastern boundary of the area westward to the coastal
section, practically coextensive with the highland area, and the other
a region of sedimentary rocks that lies between the region of crystal-
line rocks and the ocean and is practically coextensive with the
San Diego coastal belt. The boundary between these two provinces
is a sinuous line roughly parallel to the coast at an average distance
of about 15 miles inland. Throughout most of its length, and
especially in the southern part of the area, where the edge of the
crystalline rocks is marked by a range of mountains, the boundary
is sharply defined by the abutment of the flat-lyiny sediments
against steep walls of igneous rocks; but in most places, particularly
in the northern part of the area, the sedimentary rocks overlap on
the crystallines in such a way that the establishment of a boundary
line between the two is more or less arbitrary. There ave a few out-
lying masses of crystalline rocks in the sedimentary area (Pl. XIV, B),
and scattered deposits of unaltered sediments occur in the crystal-
line area. Slates, quartzites, and schists of sedimentary origin are
present in the crystalline area, but are so intimately assaciated with
the granites and felsites that they are regarded as elements of the
crystalline complex.

SEDIMENTARY FORMATIONS.
DISTRIBUTION AND CHARACTER.

The San Diego coastal belt has been the scene of deposition through
a very long time. A drill hole near San Diego, which was begun prac-
tically at sea level, has penetrated sedimentary rocks to a depth of
more than a mile, and more than a thousand feet of stratified deposits
lie above sea level. On the east the sedimentaries overlap the
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crystalline rocks and become rapidly thinner until they disavpear,
but on the west they extend to an unknown depth. The form~tions
consist of conglomerate, sandstones, shales, and limestones. but,
owing to the close proximity to the highland area from which nearly
all the material has been derived, coarse deposits are present ir. large
proportions and in the upper part of the section they are predomi-
nant. Some of the finer-grained beds contain fossils, most of them
poorly preserved and difficult to identify, but fossils of Creta~eous,
~ Tertiary, and Pleistocene age have been distinguished. The oldest

** or Cretaceous beds are exposed in only a few low places along the

coast. The widely distributed terrace formations are of Tertiary
age. The Pleistocene occurs as a thin veneer on the older rocks
along the shore.

TaBLE 1.—Sedimentary formations in the San Diego area, Calif.

System. Series. Formation. Material. Ngl(it‘;!;)
Recent. Valley fill..cuneenenaucnnnnann Loam, sand, silt, and gravel...| 0-100-200
Unconformity.
San Pedro formation.......... Beachsandsand mud........ 0-50+
Quaternary. Pala eonglomerate (relation to | Coarse valley filleonglomerate.| 0~200+
Pleistocens, San Pedro formation unde-
" termined; ma{l be contem-
poraneous with San Pedro
or may be older).
Unconformity -
. Beach deposits..eccvvereieenifiaivennesnanneocnreceraraaneaes 0-50
Pliocene and! San Diego formation.......... Interbedded sandstone, sandy 0-500
Miocene. marls, sandy shales, and
. conglomerates,
Poway conglomerate (rela- | Conglomerate, thin sand and 0-1,000
tion to San Diego formation | clay beds.
Tertiary. undetermined; may he con-
t]ggnpo)ranaous with San
iego).
San Onofre breccia............ BreCeif cueeeeeeeerassacnacenns (¢9]
~Unconformity Sandst hale, and limi 600-700
andstons, shale, an 6-
Eocene, stone. Thin coalseams.
Upper Cre-
Cretaceous. aceous. Chico formation.........cce...- Sandstones, shales..... PO (¢3]

CRETACEOUS SYSTEM.

CHICO FORMATION,

The lower parts of the sea cliffs at the south end of Point Loma
expose beds of dark shales and sandstones from which Fairbanks
obtained about 60 species of Cretaceous fossils, most of which are
characteristic of the Chico formation of the Upper Cretaceous. The
exposed thickness of these beds is estimated at about 50 feet, but
the estimate may be only roughly approximate, for the Cretsceous
beds do not differ markedly in appearance from the overlying Ter-
tiary, and the barrenness of many of the beds made it impossible
accurately to determine the position of the contact. The Chico
formation in this locality is overlain by Tertiary deposits that cor-
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- respond in appearance much more closely with the later Tertiary or
Miocene deposits back of San Diego than with the earlier Tertiary or
Eocene deposits in the northern part of the area. Fossils indicating
the age of beds in the upper part of this section could not be obtained,
but there is little doubt that Eocene formations are entirely absent.
About a mile north of the point, however, on the ea-t side of the
peninsula, the lower parts of the bluff expose sandstcnes which re-
semble the Focene sandstones north of Los Penasquitos Canyon,
and Eocene fossils have been found on the north end of Point Loma,
so that apparently the later Tertiary was deposited unconformably
on the underlying formations. Cretaceous beds that are similar to
those on Point Loma and that carry similar fossils are exposed in
the sea cliffs at La Jolla, but from La Jolla the beds dip both north-
ward and southward and disappear within a short distance. Here
also Cretaceous beds appear to be overlain by later Tertiary de-
posits, although Eocene beds are exposed in the cliffs a short distance
north of La Jolla and at the mouth of Rose Canyon southeast of La
Jolla. In both places the Cretaceous beds are exposed only in sea
cliffs, and not at the surface, consequently in those placs this forma-
tion is not shown on the geologic map (Pl. III, in pockst).

The area of Cretaceous rocks mapped as Chico formation in the
northwest corner of the county was not surveyed in connection
with the investigation here reported, but information furnished by
R. T. Hill and E. S. Larsen, jr., indicates it as the probeble extension

of an area of Cretaceous rocks lying immediately nortl of this area.

TERTIARY SYSTEM.

DISTRIBUTION.

Two divisions of the Tertiary which are distinguishec by lithologic
as well as paleontologic difference have been recognized in this area—
an earlier Tertiary, which is undoubtedly Eocene, and alater, which
appears to be an inseparable assemblage of upper Miocene and Plio-
cene deposms Both upper Miocene and Pliocene fossils have been
obtained in the southern part of the area, but owing to the lack of
continuity in the strata and to the barrenness of the beds in so many
places, detailed correlation has not yet been possible, and no general
stratigraphic distinction between Miocene and Pliocene has been
made in this report.

As shown on the geologic map (Pl. ITI, in pocket), the earlier Ter-
tiary or Eocene deposits appear at the surface from Los Penasquitos
Canyon northward to Buena Vista Creek; the later Tertiary deposits
are exposed from Las Penasquitos Canyon southward to the Mexican
boundary and from Buena Vista Creek northward to the north
boundary of the county.

{
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EOCENE SERIES.

The earlier Tertiary or Eocene beds appear at the surface between
Los Penasquitos Canyon and Buena Vista Creek and underlie the
later deposits from Los Penasquitos Canyon southward, being
exposed at low levels in Soledad, San Clemente, and Rose canyons.
Fossils, possibly of Eocene age, were collected near the top of the
mesa east of Chula Vista, and although none but late Tertiary de-
posits have as yet been definitely recognized, detailed paleontnlogic
studies may establish the presence at the surface of Eocene denosits
south of Mission Valley.

The top of the Eocene is characterized by a white sandstone, which
in some places east of Delmar and Encinitas is nearly 1€0 feet thick.
This white sandstone is underlain by alternating layers of shale, sand-
stone, and limestone, all of which, in contrast with the later Tertiary
deposits, appear to be quite uniform over considerable areas. In the
upper part of the section limestone is rare and the sandstones and
shales are generally very light colored, the shales being usually
decidedly greenish; but in the lower part of the section, as exposed
along the shore line, the beds are somber colored, some of them. very
dark, and thin layers of limestone are common.

The following section is exposed in the sea cliffs 2 miles north of
Delmar and just north of the mouth of San Dieguito River. The
beds are undulating, but near the southern end of the exposure they
dip 5° N.25° E

Section 2 miles north of Delmar.

Pleistocene: Feet.
Yellow and reddish, slightly indurated sand, containing Pleisto-
ccenefossils. . ...l 40

Eocene:

Yellow to white sandstone. . ... ..o 20
Shale; thin layers; greenish with rusty patches; contains a few
BT T v SN 8
Limestone composed chiefly of oyster shells.................. .€
Greenish-white sandstone. .......ocooo oo 3.t
Limestone composed chiefly of oystershells.................. 3
Greenish sandstone with a few thin (1 to 2 inch) streaks of fossil
L0217 - A 4

Among the fossils collected from the uppermost of these beds,
W. H. Dall identified six Pleistocene forms. (See p. 69.) The basal
members of the section yielded numerous specimens which Mr. Dall
labels Ostrea sp. undet.

The following section is exposed 1 mile south of Delmar at tho east
side of the road near the mouth and on the north side of Soledad
Canyon. The beds dip 6° 30’ N. 30° W.
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Sections of Eocene beds 1 mile south of Delmar.

. Feet.
(Top) Friable white sandstone. ... .ocooeeiaaa L. ... 10
Shale. o e e 6
Brown to white sandstone... ... .. ... .. .l 3
Shale. oo e e, 4
Brown to white sandstone. ... ... ... ...l 3
35T 5
Varicolored sandstone—red, yellow, and white.........._........ 3
Greenish shale, somewhatsandy..._.. ... ... ... ... .. ... 5

The following section is exposed 2 miles southeast of Delmar, on
the east side of the railroad, at the mouth of Soledac. Canyon. The
beds dip 6° 30” N. 75° W.

Section 2 miles southeast of Delmar.

Feet.
Pleistocene: Silt, gravel, and pebbles, with Pleistocene fosrils.
Eocene: Friable sandstone with pebbles; rough bedded. . ......... 15
Eocene: Massive argillaceous sandy layer containing Ostrea s». undet.

Greenish sandy shale.

A richly fossiliferous outcrop of shale, sand, and gravel appears on
the west side of the county road in the south wall of San Clemente
Canyon, 6 miles east of its junction with Rose Canyon. The fossils
coHected here were submitted to Mr. Dall, who identified them as
Eocene, closely resembling in the general assembly the fauna of the
Arago group at Coos Bay, Oreg., but the species are represented by
very poor casts, not determinable. The following genera are all
represented :

Conus. Acila. Angulus.
Nasga. Nucula. Solen,
Turritella. Glycymeris. Diplodcnta.
Trochita. Ostrea. Corbula.
Hipponix. Cardium. Terebratulina.
Modiolus. Tellina. Laquen+
Anomia. Macoma.

Leda. Moerella.

In the cliff on the south side of the mouth of San Elijo Lagoon,
3 miles south of Encinitas, the following section is exposed. The
top bed dips 5° E., but the lower beds dip 4° 30’ S.

Section of Eocene beds at mouth of San Elijo Lagoon.

(Top) Yellow to whitesand...... ... 30

Limestone composed of a mass of Eocene shells, a collection of which
contained, as determined by Mr. Dall: Osirea sp., Scalasp., Veneri-
cardia planicosta var. horni Gabb, Pitaria (?) sp., Tellina sp., Ceri-

thivm sp., Ampullina (?) sp., TochitaSpa. .. .iveereeeiianaana.. .8
Yellow sandstone. ..o el 4
Sandylimestone containing numerous oysters and a few other fossils. . . .3

Coarse yellow sandstone with a few scattered oysters at the top..... 3
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A: well drilled about 5 miles northeast of Encinitas, in sec. 26, T.
12 S,R.4 W. (F 6, PL. II), in search of oil, penetrated 2,126 feet
of alternating beds of sandstone, shale, conglomerate, and lir~estone,
as shown in the following well log. Eocene sandstones and shales
immediately underlie the surface where this well was drillec, but it
is not possible to determine from the reported log the depth to which
the Eocene rocks extend. The log as given represents som> unfor-
tunately broad generalizations, as, for example, the first 700 feet of
the section is reported merely as sandstone and shale, wlereas a
detailed record would undoubtedly show a succession of distinct
beds, but it is especially remarkable that at the depth of 700
feet an 800-foot bed of conglomerate was encountered. F-obably
this also represents a rough grouping of very distinct Iayers, and it is
possible that the other members of the section should also be regarded
as more or less general. '

TaBLE 2.—Log of Clark oil well (F 6).

[Authority, K. V. Phoenix. Surface elevation about 200 feet above sea level.]

Thick- . Thick-

ness. Depth. ness. Depth,

Feet, Feet. Fecl. Feet.
Sandstone and shale.......... 700 700 || Sandy shale 23 1,875
Conglomerate...... .- 800 1,500 || Limestone.... .. 35 1,910
Blue shale. . ..... ceen 125 1,625 || “Breasand’. . 105 2,015
Calgareous lnyer. ............. ?Thin| ?Thin || Shale NG 2,016
Redshale.......... . 35 ) ‘Whitesand with sulphur water 64 2,080
Conglomerate.. ... S [¢)) 1,750 || Calcareous shale with fogsils.. N1 2,081
Hard black sand.............. 100 1,850 || Hard sand layers............. 45 2,126

Note.—Work on this well was interrupted at the depth of 1,750 feet; when it was resumed the old borin
was reamed out. Mr. Phoenix was employed on the second stage of the work and during th» subsequen!
drilling, and this log was furnished by him from memory.

The following incomplete log of the Balboa oil well was furnished
by Mr. H. A. Whitney, o<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>