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GROUND-WATER GEOLOGY OF THE COASTAL ZONE,
LONG BEACH-SANTA ANA AREA, CALIFORNIA

By J. F. PoLanp, A. M. PrpER, and others

ABSTRACT

This paper is the first chapter of a comprehensive report on the ground-water
features in the southern part of the coastal plain in Los Angeles and Orange
Counties, Calif., with special reference to the effectiveness of the so-called coastal
barrier—the Newport-Inglewood structural zone—in restraining landward move-
ment of saline water.

The coastal plain in Los Angeles and Orange Counties, which covers some 775
square miles, sustains a large urban and rural population, diverse industries, and
intensive agricultural developments. The aggregate ground-water withd-awal in
1945 was about 400,000 acre-feet a year, an average of about 360 millior gallons
a day.

The dominant land-form elements are a central lowland plain with tongues
extending to the coast, bordering highlands and foothills, and a succession of low
hills and mesas alined northwestward along the coastal edge of the central low-
land plain. These low hills and mesas are the land-surface expression of geologic
structure in the Newport-Inglewood zone.

The highland areas that border the inland edge of the coastal plain are of mod-
erate altitude and relief; most of the ridge crests range from 1,400 to 2,500 feet in
altitude, but Santiago Peak in the Santa Ana Mountains attains a height of 5,680
feet above sea level. From these highlands the land surface descends across
foothills and aggraded alluvial aprons to the central lowland, Downey Plain, here
defined as the surface formed by alluvial aggradation during the post-Pleistocene
time of rising base level.

The Newport-Inglewood belt of hills and plains (mesas) has a maximum relief
of some 500 feet but is widely underlain at a depth of about 30 feet by a surface
of marine planation. As initially formed in late Pleistocene time that surface
was largely a featureless plain. Thus the present land-surface forms w*thin the
Newport-Inglewood belt measure the earth deformation that has occurred there
sinece late Pleistocene time and so are pertinent with respect to structural features
that influence the watertightness of the so-called coastal barrier.

The hills and mesas of the Newport-Inglewood belt are cut by six gaps through
which tongues of the central lowland extend to the coast. The gaps are trenched
in the deformed late Pleistocene surface and are floored with alluvium that is
highly permeable in its lower part. The Long Beach-Santa Ana area, with which
this report is concerned, encompasses the central and eastern segments of the
coastal plain, and includes five of the gaps in succession from northwest to south-
east: Dominguez, Alamitos, Sunset, Bolsa, and Santa Ana Gaps.

In the Long Beach-Santa Ana area a thick sequence of Quaternary and Ter-
tiary sedimentary rocks has been deposited on a basement of metamorphic and
crystalline rocks of pre-Tertiary age. In the broad syncline underlying tI = central
part of Downey Plain these sediments probably exceed 20,000 feet in thickness.
This report pertains chiefly to the geology and water-bearing character of the
rocks that underlie the coastal zone of the Long Beach-Santa Ana area. This
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2 GROUND-WATER GEOLOGY, LONG BEACH-SANTA ANA AREA

area extends some 27 miles from Dominguez Hill on the northwest to Newport
Beach on the southeast, has an average width of about 6 miles, includes some 180
square miles, and borders the Pacific Ocean.

Of the Quaternary deposits the youngest are of Recent age and comprise silt,
sand, gravel, and clay, chiefly of fluvial origin; they are the latest contributions
to the alluvial cones of the Los Angeles, San Gabriel, and Santa Ana Rivers; their
thickness is as much as 175 feet. The upper division of the Recent deposits,
largely fine sand and silt of low permeability, commonly furnishes water only to
a few wells of small yield; the lower division is coarse sand and gravel deposited
chiefly in two tongues extending respectively, from Whittier 1Tarrows through
Dominguez Gap and from Santa Ana Canyon through Santa Ana Gap. These
tongues, designated in this report the Gaspur and Talbert water-bearing zones,
range from 40 to 100 feet in thickness and from 1 to 6 miles in width; they yield
water freely to numerous wells with individual yields from a few hundred to more
than 1,000 gallons a minute. It is estimated that the aggregate withdrawals for
all uses from the Gaspur and Talbert zones in 1945 was about 25,000 acre-feet
a year &ach.

The Pleistocene deposits which underlie nearly all the Long Feach-Santa Ana
area consist of interfingered beds of sand, gravel, silt, and clay. In downward
succession they include a capping terrace deposit, the Palos Verdes sand, certain
unnamed late Pleistocene deposits, and the San Pedro formation of early Pleis-
tocene age. 'They range in thickness from about 200 to 1,000 feet along the coast,
and 20 to 900 feet under the hills and gaps of the Newport-Inglewood zone and
attain maximum thickness of about 3,000 feet beneath the central part of Downey
Plain. In general, the San Pedro formation occupies from 75 to 90 percent of
the Pleistocene section. The deposits of late Pleistocene age, which cap the
hills and mesas of the Newport-Inglewood belt of hills and underlie Downey
Plain at depths of as little as 100 feet, comprise silt, clay, sand, and some gravel,
chiefly of fluvial but in part of lagoonal and marine origin. They range in thick-
ness from a thin edge to about 700 (?) feet. The beds of gravel and sand hold
confined water and supply many small domestic and stock wells and a few larger
irrigation wells. The San Pedro formation, which embraces all strata of early
Pleistocene age, underlies the deposits of late Pleistocene age and, locally at
least, is unconformable with them and with the underlying sediments of late
Pliocene age. 1t is essentially correlative with the type San Ped-o sand, Timms
Point silt, and Lomita marl, but is much thicker and more heterogeneous. In
this report the Timms Point silt and Lomita marl are discussed as the two basal
members of the formation; they occur locally on the east flank of the Palos Verdes
Hills and northeast. of Signal Hill where they are as much as several hundred feet
thick.

The San Pedro formation is of diverse physical character within the extent of
the coastal zone. In Los Angeles County west of the San Galbriel River it is
composed largely of sand and gravel of marine and littoral origin, especially in
the lower two-thirds of the formation; the remaining upper part i- silt, clay, and
fine sand. Here the sand-and-gravel member within the San Pecro formation is
so extensive and so productive to wells that it is designated in this report the
Silverado water-bearing zone. In the Long Beach area the Silversdo zone under-
lies some 68 square miles, or 43,000 acres, and has a thickness of 300 to 500 feet
in nearly all that area. It supplies many industrial and municipal wells with
individual yields of 1,000 to as much as 4,000 gallons a minute. Ir 1941 the with-
drawal from the Silverado zone in the Long Beach area was 30,000 to 35,000 acre-
feet a year. Along the inland edge of the coastal zone in Los Angeles County the
Silverado zone fingers out northward into lagoonal sediments that, are predomi-
nantly silt and clay. In Orange County the deposits of Pleistocene age are
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chiefly of the San Pedro formation. They are heterogeneous, composed of about
equal proportions of permeable sand and gravel and impermeable silt and clay.
The thickness of these deposits in Orange County ranges from about 20 feet at
the south edge of Newport Mesa to as much as 900 feet beneath Sunset Gep. The
most persistent and prolific water-bearing zone within the Pleistocene deposits of
Orange County underlies most of the central and northern part of Newport Mesa
where it is 200 to 500 feet thick and yields as much as 2,000 gallons a minute to
single wells. An analogous zone underlies Huntington Beach Mesa. Elsewhere
the aquifers commonly are dispersed among beds of low permeability and are
less than 100 feet thick; nevertheless, they supply many irrigation and some
municipal wells whose yield ranges from a few hundred to 1,500 gallons & minute.
From all the Pleistocene deposits of the coastal zone in Orange County the
withdrawal in 1941 is estimated at about 15,000 acre-feet a year.

Consolidated rocks of Pliocene and Miocene age underlie the Quaternary
deposits in nearly all the Long Beach-Santa Ana area. The Pliocene comprises
the Pico formation above and the Repetto formation below. The Pico formation
has been subdivided into upper, middle, and lower divisions. The upper divi-
sion, comprising semiconsolidated sand, silt, and clay members of marine origin,
is about 1,800 feet thick and contains essentially fresh water. In most of the
coastal zone the upper few hundred feet are not water bearing, but the lnwer 600
to 1,000 feet include several members of sand. The productivity of th=se sand
layers is not known but might be several hundred gallons of water a mionute to a
single well. Hence the upper division of the Pico formation affords a large reserve
supply of essentially fresh water now virtually untapped.

The middle and lower divisions of the Pico formation, the Repetto formation,
and the rocks of Miocene age, which are at least several thousand feet thick under
all the Long Beach-Santa Ana area, are largely siltstone and shale of low perme-
ability. Their sand members contain only saline waters ranging from about half
to the full salinity of ocean water. In nearly all the area these rocks are far below
the depths penetrated by water wells.

The thick succession of sedimentary rocks underlying the coastal plain has
been deposited in a broad synclinal depression that includes several lo-al struc-
tural features whose axes are roughly parallel and trend northwest. The most
extensive of these is the Newport-Inglewood structural zone, a compnsite belt
of anticlinal folds and echelon faults. In effect it divides the coastal plain into
two synclinal troughs: to the northeast a broad syncline that underlier Downey
Plain and extends from Hollywood to and beyond Santa Ana, to the sothwest a
narrow syncline that extends from Santa Monica to Long Beach. Within the
Newport-Inglewood zone and the flanking troughs all rocks older than t! e alluvial
deposits of Recent age have been warped and locally ruptured by deformation
developed successively since at least late Miocene time. Much of this deforma-
tion occurred in Pleistocene time—Ilargely in mid-Pleistocene, but also in late-
Pleistocene (post-Palos Verdes) or Recent time—to form the present tonographic
relief along the structural zone.

The recurrent structural activity along the Newport-Inglewood zone has pro-
duced both folds and faults which are critical with respect to inland movement of
ocean water. The folds determine the depths to impermeable rocks of upper
Pliocene age in the core of the zone; ocean water must pass above this lip in order
to reach the productive water-bearing zones farther inland. From I ominguez
Hill southeast to San Gabriel River the estimated depth of this lip is 400 to 700
feet below sea level, except at Signal Hill where it is as much as 200 feet above
sea level; southeastward in Orange County it increases to 900 feet below sea
level in Sunset Gap and then rises gradually to sea level beneath Newport Mesa.
Within the coastal zone a nearly continuous set of faults is alined along the crest
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of the Newport-Inglewood zone. These faults displace the permeable deposits of
Pleistocene age and so produce structural traps. In many places they have
been cemented, largely by calcium carbonate. The structural traps and zones
of cementation, together with lithologic discontinuities, have d=veloped a sub-
stantial barrier which along much of the reach from Dominguez Gap to Santa
Ana Gap greatly impedes but does not wholly prevent movement of water across
the Newport-Inglewood zone in the permeable rocks of Pleistocene age. Little
barrier effect, if any, has been developed in the tongues of Recent age that lie
athwart the structural zone.

In general at least three distinct bodies of ground water exist in the Long
Beach-Santa Ana area; in downward succession they are a semiverched body of
water which occurs at shallow depth, commonly less than 50 feet below land
surface; the principal body of naturally fresh ground water, which occupies the
coarser water-bearing zones of Recent age, the deposits of Pleistocene age, and
the upper division of the underlying Pico formation; and a body cf saline connate
water which occurs in rocks of Tertiary age beneath the whole area.

The semiperched body is essentially unconfined, is generally inferior in quality,
and supplies relatively few water wells of small capacity.

The principal body of fresh ground water has its base 800 to 2,600 feet below
sea level along the crest of the Newport-Inglewood zone but extends to depths
as great as 8,000 feet beneath the central part of Downey Plain. It is tapped by
several thousand wells ranging in depth from less than 50 to al'~ut 1,700 feet;
about two-thirds of their aggregate yield is for irrigation and th~ remainder for
domestic and industrial use. The waters of this body, as tapped by wells, com-
monly contain less than 25 parts per million of chloride. The sediments containing
the body of fresh ground water are largely of marine origin, however, and so
initially were saturated with ocean water. This saline water was displaced by
fresh water, chiefly before or during mid-Pleistocene time, or before the barrier
features had been developed in the Pleistocene deposits along the Newport-
Inglewood zone. The fresh-water body is effectively confined between impermeable
layers of silt and clay, except in permeable reaches of San Gabriel River and Rio
Hondo downstream from Whittier Narrows, and of Santa Ana River downstream
from Santa Ana Canyon. Here most of the replenishment occurs by infiltration
from the river channels, but some is derived from underflow and by deep pene-
tration of irrigation water and rain. Circulation was wholly oceanward under
natural conditions but was restrained sufficiently by confining streta and by the
barrier of the Newport-Inglewood zone to produce an area of flowing wells for as
much as 12 miles inland from the structural zone. Heavy withdrawals and
declining water levels have dissipated the head and at times have developed a
landward gradient over a substantial part of the coastal plain. As a result saline
encroachment has moved a few miles landward in the permeable aquifers of
Recent age in Dominguez and Santa Ana Gaps.

The extent, character, and source of this contamination, and the hydrologic
evidence relating to the barrier features of the Newport-Inglewood zone, are
discussed in succeeding chapters of the comprehensive report.

INTRODUCTION
SCOPE OF THE INVESTIGATION

This interpretative paper is essentially the first chapter of a com-
prehensive report on an investigation of a part of the coastal plain
in Los Angeles and Orange Counties, Calif. This investigation has
been carried out by the Federal Geological Survey in cooperation
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with four local agencies: the Los Angeles County Flood Control
District, the Orange County Flood Control District, the Orange
County Water District, and the Board of Water Commissioners of
the city of Long Beach.

The specific objective of the investigation is the determination of
conditions that have given rise to four critical questions: (1) to what
degree is the so-called coastal barrier effective in restraining deteriora-
tion of the quality of the ground-water supply by incursion of ocean
water; (2) is the known deterioration in ground-water quality locally
along the coast being aggravated progressively owing to the incursion
of ocean water, connate waters or oil-well brines, industrial wastes, or
other waters of high concentration; (3) can withdrawals of ground
water for the many requirements of the area be continued freely and
indefinitely without the present areas of salt-water contamination
extending substantially; (4) to what degree are remedial or preventive
measures feasible.

These questions are critical because developments in and adjacent
to the area—a great metropolitan district of some 2,000,000 people,
diversified industries, and extensive agricultural districts—are de-
pendent to a very great degree on water withdrawn from wells.
In 1945 water so derived satisfied fully three-fourths of the require-
ments for all purposes in the whole coastal-plain area, excent in the
city of Los Angeles whose supply is imported principally from Owens
Valley. The aggregate withdrawal of ground water within the coastal
plain is approximately 400,000 acre-feet a year, an average of about
360,000,000 gallons a day.

The objective of the investigation has been approached by an
intensive study of all pertinent features in a coastal zone that extends
from Dominguez Hill on the northwest to Newport Mesa on the
southeast, spans the areas of most pressing deterioration in water
quality, and covers some 180 square miles; and by a general study of
certain selected features in the coastal-plain area that exterds inland
to the bordering mountains or foothills and covers some 3%0 square
miles. Facts from the intensive and general studies have be=n largely
released to the public. (See Piper, Poland, and others, 1042, 1943;
Poland and others, 1942; Garrett and others, 1943; Meinzer, Wenzel,
and others, 1944, p. 77-169; Poland, Sinnott, and others, 1¢45.)

The whole area of both coastal and inland zones, whict together
cover some 560 square miles, is here designated the ‘“Long Beach-
Santa Ana’’ area. Its location is shown in figure 1, and some of its
general features are shown on figure 2.

The cooperative investigation is concerned primarily with a problem
of water quality but in one aspect fundamentally with the water-
tightness of the longshore barrier. Hence it is concerned with
features of stratigraphy and geologic structure that determine the
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extent and continuity of water-bearing materials in and adjacent to
the barrier and with the land forms of the area in which certain of the
stratigraphic and structural features are expressed. These pertinent
geologic features are discussed in this report, which deals largely with
the coastal zone of the Long Beach-Santa Ana area but of necessity is
extended to cover certain broad features of the inland zone of that
area and of the contiguous region.

Particular study of the geologic features of the area was begun in
July 1940 and was essentially completed in June 1943. Owing in
part to conditions of the war it has been carried on successively by
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J. F. Poland, R. C. Newcomb, and W. W, Paulsen. Newcomb and
Paulsen each prepared a draft of a report prior to his detachment for
military service, but neither of these drafts covered the full scope of
the geologic studies. To the report in its present form substantial
contributions have been made by J. F. Poland, A. M. Piper, and
Allen Sinnott.

This report was written in 1944 and was first released to the public
in 1945, in duplicated form. Publication has been deleyed, first by
conditions resulting from World War IT and later by tke decision to
wait until the revised topographic sheets of the area beceme available
for the base map. The last of these was supplied in Dezember 1952.

ACENOWLEDGMENTS

In the investigation of the geologic features of the relatively small
ares, covered by this report considerable assistance has been drawn
from numerous and diverse sources. Broad features of the area and
its vicinity are covered in the published reports by Mendenhall (1905a,
1905b, 1905¢, 1908) on work in 1903 and 1904 and by Eckis (1934) in
1930-34. Critical discussions of specific features by numerous geolo-
gists have been published and these are cited where pertinent. Sub-
stantial contributions of critical information have been made by
several oil companies through certain geologists and paleontologists:
by the Associated Oil Co. through A. S. Diven; by the Bankline Oil
Co. through E. V. Bartosh; by the Continental Oil Co. through R. M.
Barnes, Glenn Bowes, and W. D. Rankin; by the Genernl Petroleum
Corp. through E. C. Edwards and P. H. Gardett; by the Hilldon Oil
Co. through C. G. Willis and Robin Willis; by the Hogan Petroleum
Co. through Dana Hogan; by the Ohio Oil Co. through G. P. Gariepy;
by the Richfield Oil Corp. through H. W. Hoots, M. L. Natland, and
P. H. Dudley; by the Shell Oil Co., Inec., through Alex Clark, Frank
W. Bell, G. C. Kuffel, and A. W. Gentry; by the Signal Oil and Gas
Co. through Harry Godde and L. H. Metzner; by the Standard Oil
Co. of California through W. S. W. Kew, R. G. Reese, and H. L.
Driver; by the Texas Co. through Hampton Smith and A. I. Greger-
sen; by the Union Oil Co. through S. G. Wissler and K. M. Bravinder;
and by the Western Gulf Oil Co. through R. W. Clark. Special
acknowledgment is due S. G. Wissler and M. 1. Natland, who have
assisted greatly through discussions of stratigraphic problems and
who have kindly undertaken the microfaunal examination of critical
suites of samples from water wells.

Certain of the stratigraphic problems were discussed with W. W.
Woodring, who also furnished paleontologic data fror~ a critical
outcrop.
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Other geologists, paleontologists, and engineers who have furnished
information are C. R. Browning, R. H. Garrison, P. P. Goudkoff,
U. S. Grant 4th, R. H. Moran, F. S. Parker, E. R. Stanley, H. P.
Stolz, Read Winterburn, and H. P. Vail.

Some of the information so received is cited in the body of this
report as pertinent; much more was made available in confidence,
but by arrangement it is not specifically eited although it affcrds the
fundamental basis for certain interpretations of data otherwise
obtained.

Drillers’ records for many water wells were compiled and made
available by the California Division of Water Resources. Scme 300
additional logs have been made available by many individuals and
organizations, chiefly by the Orange County Flood Control District,
the San Gabriel Valley Protective Association, the Water Depart-
ment of the city of Long Beach, the Southern California Edison Co.,
Inc., the Western Gulf Oil Co., the city of Signal Hill, and the Corps
of Engineers, U. S. Army.

Electric logs for oil wells in the Wilmington area were supplied by
the Board of Harbor Commissioners of the city of Long Beach through
F. J. Hardesty and by the Los Angeles County Flood Control District
through Paul Baumann.

The geologic features of the structural zone and of the entire coastal
zone of the Long Beach-Santa Ana area have been studied partly in
three-dimensional perspective by a peg model of all water wells for
which logs were available, and of certain oil wells for which electric
logs were made available through the courtesy of oil companies. These
electric logs afford much of the basis for correlation of the deeper
fresh-water-bearing beds and a material basis for fairly explicit inter-
pretation of the structure of these beds within the area. They also
furnish specific information on the depth to the zone of saline connate
water that underlies the fresh-water zone throughout the area. This
peg-model study proved to be highly effective in amplifying the usual
field methods of geologic mapping.

NUMBERS APPLIED TO WELLS BY THE GEOLOGICAL SURVEY

In its cooperative program in Los Angeles and Orange Counties the
Geological Survey has designated wells by numbers that indicate the
respective locations according to rectangular land surveys. For
example, for well 5/10-13B7, the first part of the Geologicel Survey
number indicates the township and range—T. 5 S., R. 10 W., San
Bernardino baseline and meridian—the digits following the hyphen
indicate the section, as sec. 13, and the letter indicates the 40-acre
subdivision of the section shown on the accompanying diagram.
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Within each 40-acre tract the wells are numbered serially as indicated
by the final digit or digits of the number. Thus, well 5/10-13B7 is in
the NWYUNEY sec. 13, and is the seventh well listed in that tract.

D C B A

M L K J

N | Pl Q| R
| |

The California Division of Water Resources and several local
agencies have assigned serial and location numbers to water wells
in an extensive district that includes the Long Beach-Santa Ana area.
These two systems of numbers are explained, and cross references to
corresponding Geological Survey numbers are given in an informal
report heretofore released to the public (Piper, Poland, and others,
1042, p. 219-298).

The system of Geological Survey numbers is applied to all parts of
the coastal plain. In the small parts of the area that once were public
land the official Federal land survey is followed. In nearly all the
remainder of the area, except the extensive Irvine Tract, the land
is subdivided according to extensions of the Federal survey, so that the
system applies readily. For a few small areas land lines are projected
because no rectangular survey has ever been made. In some other
areas, as within the city of Long Beach, the projected lines are shifted
slightly to coincide with main roads.

The extensive Irvine Tract, the easternmost part of the area, is
subdivided into blocks numbered serially 1 to 185; nearly all these
blocks are rectangular and a mile square. For well I-123R1 in this
part of the arca the initial letter indicates the Irvine Tract, the digits
following the hyphen indicate the block (No. 123), and the remainder
of the number indicates the location of the well with respect to pro-
jected 40-acre subdivisions of the block corresponding to the 40-acre
tracts in the standard section of land.

This system of numbers is also used as a convenient means of locat-
ing a feature described in the text. Thus, an area or feature within
the NWENWY% sec. 7, T. 5 S., R. 11 W., projected land lines, may be
1dentified as 5/11-7D.
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LAND FORMS OF THE COASTAL-PLAIN AREA
GENERAL FEATURES

The coastal plain in Los Angeles and Orange Counties, although
small among the coastal plains of the world, is uncommon in the
diversity of its land forms. Its elements are quite unlike in mode of
development and complex in their genetic relation to one another.
None the less these diverse forms express rather faithfully certain
features of the stratigraphy and geologic structure by which the
movement of ground water is determined; hence a general discussion
of them is pertinent. The discussion is extended to all the coastal-
plain area in the two counties because only in this way can the funda-
mental pattern of the forms be developed.

The dominant land-form elements are a central lowland plain with
tongues extending to the coast, bordering highlands and their foot-
hills, and a succession of low hills and mesas in alinement along the
coastal edge of the main lowland plain. These alined hills and
mesas are the land-surface expression of the Newport-Inglewood
structural zone, the so-called coastal barrier with whose watertight-
ness the Geological Survey is fundamentally concerned in the investi-
gation here reported in part. All the land-form elements so far dis-
criminated in the coastal-plain area are listed below according to a
tentative genetic classification. The location and extent of ench are
shown on plate 1 in somewhat generalized fashion; details of their
form are shown on the Geological Survey topographic maps of the
region.

Tentative classification of land-form elements in the coastal-plain area of Lo~ Angeles

and Orange Counties

Bordering highlands—substantially of structural origin in mid-Pleistocene(?)
time, moderate to bold in relief, and generally of mature form:

Santa Monica Mountains.
Puente Hills.

Santa Ana Mountains.
San Joaquin Hills.

Palos Verdes Hills.

Inland foothills—of moderate relief, initiated about in mid-Pleistocen=(?) time
by uplift; substantially degraded in general in late Pleistocene time, locally
planed and veneered with alluvium, then moderately deformed; sorre further
dissection in Recent time:

Elysian Hills.
Repetto and La Merced Hills.
Coyote Hills uplift and La Habra Basin.

Alluvial aprons adjacent to highlands and foothills—surfaces of ageradation
considerably older than the central lowland plain, of late Pleistocene(?) and
Recent age:

Santa Monica Plain.
La Brea Plain.

Tustin Plain.
Minor aprons, unnamed.

346109—56———2



12 GROUND-WATER GEOLOGY, LONG BEACH-SANTA ANA AREA

Newport-Inglewood belt of hills and plains—features formed chiefly by marine
and adjacent continental planation, sedimentation, and deformation; all in
latest Pleistocene and Recent(?) time:

Pronounced uplifts along the axis:
Baldwin and Beverly Hills.
Rosecrans Hills.

Dominguez Hill.
Signal Hill uplift.
Landing Hill.
Mesas and related plains:
Ocean Park Plain.
Torrance Plain.
Long Beach Plain.
Huntington Beach Mesa.
Bolsa Chica and Newport Mesas.

El Segundo sandhills—of late Pleistocene(?) and Recent age, in large part of
eolian origin.

Downey Plain—the central lowland, of aggradational origin and Recent age.

BORDERING HIGHLANDS

The highland areas that form a discontinuous border along the
inland edge of the coastal plain and the isolated Palos Verdes Hills at
the coast are alike in that their land-surface profiles are lergely smooth
sweeping curves of moderate gradient with rounded crests and valleys.
These features have been interpreted as elements of an old erosion
surface (Eldridge and Arnold, 1907, p. 103), subsequently elevated and
undoubtedly deformed by recurrent earth movements. Commonly
these highlands terminate in slopes that pass into the adjacent plains
without abrupt change of gradient, but at some places tt ey terminate
in or are transected by scarps of which some are known to be faultline
scarps. The higher parts of the composite terranes are intricately
gullied, and the lower parts sharply incised by the present drains.
Nearly all parts have been considerably smoothed by slepe wash and
other materials that constitute a continental terrace cover.

In altitude the highlands range considerably. In the Santa Monica
Mountains the main ridge crests are from 1,400 to 2,150 feet above
sea level and in general are lower toward the cast. (Hoots, 1931,
pl. 16.) In the Puente and Palos Verdes Hills the greatest altitudes
are about 1,780 and 1,480 feet, respectively. The Santa Ana Moun-
tains include the highest summit along all the coastal-plain border,
Santiago Peak, whose crest is about 5,680 fect above sea level.

On the two highland areas along the coast—the Palos Verdes Hills
and the San Joaquin Hills—successive wave-cut terraces cover a wide
range in altitude on the leeward slopes and to some extent on the wind-
ward slopes. On the Palos Verdes Hills (Woodring, Bramlette, and
Kew, 1946) is an interrupted series of 13 such terraces, ranging from
about 50 to 1,300 feet above present sea level. The lovrest of these
terraces is strikingly deformed; from about 50 feet above ses level in
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the vicinity of San Pedro it rises gradually around the eastern and
northern flanks of the hills to about 400 feet opposite the western edge
of Torrance Plain, from which it is separated by a scarplike feature
200 to 300 feet high and of structural origin. The succession of ter-
races and the relatively young but strongly deformed lowest terrace
on the Palos Verdes Hills exemplify a characteristic feature in the pro-
gressive development of the highland areas, which have been uplifted
recurrently into late geologic time and, although somewhat deformed
within, commonly have been intensely deformed along their margins.

On the San Joaquin Hills, wave-cut terraces exist at 100, 200, 300,
600, and 900 feet above present sea level. The higher terraces have
been almost completely destroyed by intricate gullying; the lowest or
100-foot terrace extends northward to pass beneath the edge of
Downey Plain.

Composed very largely of nonpermeable rocks of sedimentary or
metamorphic origin, except for slope wash and the relatively thin and
discontinuous continental terrace cover, the highlands quickly shed
much of the rain that falls on them. Essentially they are not func-
tional intake areas and no substantial quantity of ground vrater is
derived from them to sustain the withdrawals from the coastal-plain

lowlands.
INLAND FOOTHILLS

The Elysian (Woodring, 1932, pl. 2), Repetto, and La Mercad Hills
are formed largely on rocks of Tertiary age, substantially degraded in
the triangular area between the Santa Monica Mountains on the west,
the Puente Hills on the east, and the San Rafael Hills on tke north
between Glendale and Pasadena, beyond the area shown on plate 1.
Once probably continuous, an old land surface so formed has been
transected by antecedent streams, two of whose channels now consti-
tute major passes to the inland basins (see fig. 2); one of these passes is
now occupied by the Los Angeles River, the other jointly by the Rio
Hondo and the San Gabriel River. The surface has been further and
intricately dissected by numerous minor streams, all of which are now
ephemeral.

In these hills the principal crests occur in the northern part of the
respective areas outlined on plate 1 and range between 600 and 800
feet above sea level. From these crests the land surface descends
rather steeply southward and between 250 and 325 feet alave sea
level passes into a somewhat discontinuous alluvial apron.

Like the adjacent highlands the higher parts of the Elysian, Repetto,
and La Merced Hills are formed on rocks that are substantially im-
permeable and quickly shed much of the rain falling on them. The
frontal apron to the south doubtless is fairly permeable and in part
probably constitutes an intake area from which some water is trans-
mitted to the productive water-bearing zones beneath Downey Plain.
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In its major form the remaining foothill unit, Coyote Hills and La
Habra Basin, shown on plate 1 combines a canoe-shaped ridge, whose
crest is somewhat nonlinear and convex southward, snd a comple-
mentary elongate basin to the north. This general outer form is
largely of structural origin and comprises an anticline, Coyote Hills
uplift, and a syncline, La Habra Basin (Eckis, 1934, p. 217-223); it is,
however, of composite origin. Its highest point on tke crest of the
Coyote Hills is some 600 feet above sea level. Northward it descends
gradually to the axis of I.a Habra Basin, which is 275 to 300 feet above
sea level, and then rises smoothly to the flank of the Puente Hills.
Southward it descends fairly smoothly to a low bordering scarp whose
altitude along the margin of Downey Plain is 120 to 325 feet above sea
level.

The general outer form of the Coyote Hills is of composite origin.
Recent work by Dudley (1943, p. 352) indicates that the area was
sharply folded in mid-Pleistocene time; that lower Pleictocene rocks
were stripped ofl in considerable thickness, at least 2,500 feet locally;
and that a land surface of degradational origin was so forned by fairly
late Pleistocene time. This degradational surface forms many of the
higher elements of the present terrane. ILocally, especially in the
western part of the hills, the end product of degradation was a con-
tinental platform veneered by alluvium of late-Pleistocene age. Sub-
sequently this late-Pleistocene surface apparently was warped into
the present general form and transected by Coyote Creek and several
other antecedent streams. All along their southern flanl- the hills are
now intricately dissected by subsequent streams, all ephemeral. In
at least the eastern half of La Habra Basin the surface F'as been only
slightly modified by some gullying and by superposition of a few small
alluvial fans; in the western half the deformed surfac: appears to
plunge so gently beneath alluvium of Recent age that its extent in
that direction is not determined precisely and can be shown only
approximately on plate 1.

ALLUVIAL APRONS ADJACENT TO HIGHLANDS AND FOOTHILLS

Along the inland edge of the central lowland adjacent to.the high-
lands and foothills are several surfaces of alluvial aggradation whose
age and relation to other land-form elements ars known c»ly roughly.
Distinctive among these are the Santa Monica and La Brea Plains
along the flank of the Santa Monica Mountains westwerd from the
Elysian Hills. The mountain’s lower slope is a plexus of alluvial fans
whose apexes range from about 450 to 600 feet above sen level along
the flank of the Santa Monica Mountains to as low as 275 feet above
sea level along the flank of the Elysian Hills. At its southern edge the
slope is 75 to 200 feet above sea level. The alluvial forms of this area
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apparently were graded in at least two cvcles. The earlier cycle is
tentatively assigned to the late Pleistocene, partly on the basis of the
well-known fauna from the Rancho La Brea tar pits (Merriam, 1911,
p. 197-213; Stock, 1930) on its surface of aggradation. The later cycle
is doubtless of the Recent epoch, as is shown by the mapping of Hoots
(1931, pl. 16) and by the apparent overlap of its deposits onto the
central lowland along the northern flapk of the Ballona Gap (see pl. 1).

All the lower slope along the south flank of the Santa Monica
Mountains has been designated by Hoots (1931, p. 130) the Santa
Monica Plain. In this report, however, that name is restricted to the
older of the two alluvial surfaces in the area westward from Beverly
Hills, and the segment of the older surface between Beverly and Ely-
sian Hills is designated La Brea Plain.

At the opposite extreme of the area, in the alcove betwesn the
Santa Ana Mountains and the San Joaquin Hills, the Tustin Plain
discloses features largely analogous to those of La Brea Plain. Its
northern lobe is the slightly gullied alluvial cone of Santiago Creek,
which emerges from the Santa Ana Mountains nearly east of Anaheim.
From its apex some 400 feet above sea level the surface of the cone
descends at gradients ranging between 25 and 100 feet to the mile,
and beyond Santa Ans it emerges with the central lowland at an
altitude of 50 to 200 feet above sea level. The southeastern lobe of
Tustin Plain is a complex of small alluvial fans that head along the
flank of the Sapta Ana Mountains at altitudes between 350 and 500
feet above sea level and coalesce into a slightly gullied plain that
declines westward between 35 and 100 feet in & mile. At its vestern
margin this plain of aggradation merges into the central lowland. To
the southeast near the head of the alcove it passes into an intricately
gullied terrain on rocks of Pleistocene age.

Although the surface of Tustin Plain doubtless is of Recent age it
seems likely that most of the materials of which it is aggraded were
placed during late-Pleistocene time and that the materials of Recent
age constitute only a relatively thin mantle. In this respect it is
believed essentially analogous to La Brea Plain. Tustin Plain does
not appear to have been aggraded substantially by materials trans-
ported from the San Joaquin Hills which border it on the southwest.

Between La Brea and Tustin Plains along the inland border of the
coastal plain are two moderately extensive aggraded areas inferred
genetically distinct from the central lowland and from adjacent foot-
hills. They lie, respectively, at the foot of Repetto and La Merced
Hills, in the angle between the Los Angeles River and the Rio Hondo,
and in a triangular alcove that transects the Coyote Hills due north-
east of Anaheim. Both aggraded surfaces descend southward into the
central lowland with only a faint change in profile, but rise northward
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to pass into land-form features distinetly older than the lowland.
The easterly of the two surfaces is scarred by a few headward-cutting
gullies.

Although having some features in common and dis-ussed under a
common topic heading these surfaces should not be construed as
strictly contemporaneous and alike in origin. In their features as
now known, La Brea and Tustin Plains appear to have been formed
in much the same way and to be younger than the adjacent highlands.
Each may have been tilted to approximately its present mass by earth
movement concurrently with or following aggradation. La Brea
Plain is definitely younger than the Elysian and Repetto Hills.
Tustin Plain, however, has many features in common with the un-
named surface northeast of Anaheim, which as a land form is definitely
younger than the Coyote Hills uplift and La Habra Basin; but the
deformed Pleistocene surface of the basin has features resembling
those of the aggraded surface adjacent to the Repetto end La Merced
Hills. Also, certain similarities in form suggest that La Brea and
Tustin Plains may be closely related in origin to the common land
surface of the Newport-Inglewood belt. From the evidence here
reviewed it is concluded tentatively that the four surfaces described
under this topic heading are considerably older than Downey Plain
and plunge beneath it even though their lower borders are not sharply
distinguishable; also that they were aggraded to about their present
form in late-Pleistocene time. Strict correlation of these surfaces
with one another and with the deformed surface or surfaces of the
Coyote Hills and the Newport-Inglewood belt appears to be a refine-
ment not attainable by ordinary methods of physiographic mapping
alone.

With respect to the source and movement of ground water these
foothill surfaces of aggradation are inferred to be substantially alike in
being formed of, or at relatively shallow depth underlain by, materials
in some slight hydraulic continuity with certain zones from which
water is withdrawn by wells on the central lowland. All or part of
these surfaces may be functional intake areas from which probably
a very minor part of the withdrawals is sustained.

NEWPORT-INGLEWOOD BELT OF HILLS AND FAINS

COMMON GENETIC FEATURES

It is inferred tentatively that the several land-forra elements of
the Newport-Inglewood belt have certain features in common with
one another and with the lowest deformed terrace of the Palos Verdes
Hills (see p. 12). This inference probably is correct for all the coastal
zone of the Long Beach-Santa Ana area that was investigated critically
by Newcomb and Paulsen for the purposes of this r-port, but its
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soundness has not been tested by critical field studies farther north-
west. These common features in upward succession are as follows:

1. A genetically common underlying platform was cut across
previously deformed rocks of early-Pleistocene age (San Pedro forma-
tion) along much of the present coast but passed onto rocks of Terti-
ary age in Newport Mesa, along the flanks of the Palos Verdes Hills,
and along the flank of the Santa Monica Mountains. Somewhat
inland from the coast, at least in the vicinity of Wilmington in the
western part of the area, the platform is believed to have passed onto
rocks of late Pleistocene age (p. 56). It is overlain at many places
by deposits of marine origin affording material evidence that from the
coast well into the present Newport-Inglewood zone this platform
was cut by marine planation in late-Pleistocene time. Farther inland
the platform may have passed into a surface of continental degrada-
tion, but within the area of the present Downey Plain it is inferred
possibly to have passed into a surface of continental aggradation.
No prolongation of this composite surface is recognized in the foothill
land forms. Over much of the Newport-Inglewood belt this common
platform appears to be no more than about 30 feet beneath the present
land surface; nowhere within the belt is its depth known to be more
than 50 feet.

2. In the coastal zone of the Long Beach-Santa Ana area and some-
what extensively to the northwest is a deposit of unoxidized sand,
largely medium- or coarse-grained and only slightly coherent, that at
several widely separated places contains abundant marine fossils
(see p. 53). Locally this deposit includes a basal gravel-and-cobble
layer. On the lowest terrace of the Palos Verdes Hills thi~ basal
deposit of marine sand is that which Woodring (Woodring, Bramlette,
and Kew, 1946) has designated Palos Verdes sand and has assigned to
the upper Pleistocene (see p. 53). Near the northern and southern
extremities of the Newport-Inglewood belt corresponding ceposits
of sand have been described and have been assigned to the upper
Pleistocene by Hoots (1931, p. 121, 130) and by Willett (1937, p.
379-406; also, a personal communication on the late Pleistocene fauna
from Newport Mesa). All such deposits on the platform of marine
planation in the belt are tentatively accepted as essentially cortempo-
raneous. In measured thickness this marine deposit ranges from a
thin edge to 35 feet in and near the Palos Verdes Hills, according
to Woodring (Woodring, Bramlette, and Kew, 1946, p. 56), and is as
much as 15 feet between Dominguez Hill and Newport Mes«, both
inclusive, where identified by one of the writers. At the rea cliff
east of Long Beach it is at least 23 feet thick, according to Arnold.
Beneath the Santa Monica Plain it appears to be as much as 25 feet
thick, according to Hoots (1931, p. 121).
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3. Overlying the marine sand, or at some places avparently rest-
ing directly on the platform of marine planation, is a deposit that
forms the present land surface. So far as observed in the field or
reported in the literature this capping deposit is nonfossiliferous and
accordingly has been described as nonmarine or continental. The
soil that constitutes its uppermost part ischaracteristically deepreddish
brown and sandy. At some exposures the capping deposit is nearly
all sand of a grain size indistinguishable from that of known marine
sand below, and there is no clear physical evidence of discontinuous
sedimentation at any horizon between fossiliferous merine sand and
the present land surface. The subsoil is brown, owing to an iron
oxide coating on the sand particles, and this coloration fingers out
irregularly several feet below the land surface. Under such conditions
no indubitable evidence that the capping deposit is of nonmarine
origin appears, and this may be the reason why ‘“marine terrace
deposits” are mapped by Eckis (1934, pl. B) over nearl;7 all the New-
port-Inglewood belt. Elsewhere, however, the capping deposit is dis-
tinetly silty and in that respect it contrasts strongly with underlying
fossiliferous sand. In thickness the capping deposit of the Newport-
Inglewood belt ranges between 5 and 20 feet.

These three features common to nearly all the land-form elements
of the Newport-Inglewood belt lead to a critical generalization. The
present land surface within the belt, even though it has a rslief of
some 500 feet, is extensively underlain at shallow and practically
uniform depth by a surface of marine planation which, as initially
formed in late-Pleistocene time, evidently was a featureless plain of
very flat grade, at least in large part. The present land surface is
scarred by only minor gullies and by a few transectire trenches or
gaps. ‘It follows that the present land-surface forms within the New-
port-Inglewood belt, with few and inconsequential restorations,
measure with fair strictness the earth deformation that has there
taken place since late-Pleistocene (Palos Verdes) time. Hence, the
land forms within the belt have considerable weight with respect to
structural features that influence the watertightness of the so-called
coastal barrier.

This generalization is opposed to the conclusion by Vickery (1927,
p. 419) that two hills on the crest of the Signal Hill uplift, delineated
on plate 702, rise above the “Dominguez surface,” which in the type
area of Dominguez Hill is strictly equivalent to the deformed surface
described in this report. But it is in accord with the conclusion by
Woodring (Woodring, Bramlette, and Kew, 1946, p. 105) that “on
physiographic, stratigraphic, and faunal grounds the strata at [which
mantle] Signal Hill and the Palos Verdes sand are essential equiva-
lents.” (See also DeLong, 1941, p. 229-252.) It is also in strict
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accord with the conclusion by Arnold (1903, p. 30) who wrote with
respect to Signal (Los Cerritos) Hill, as follows:

W. 8. T. Smith thinks that perhaps this hill is wave built, but a careful exami-
nation shows that it is the result of an orogenic movement which has taken place
sinee the lower San Pedro beds [San Pedro formation] were deposited there. This
is shown by the contortion of the lower formation [San Pedro], and by the steep
dips of the uppermost layers [Palos Verdes sand and terrace cover], which con-
form almost exactly with the slope of the hill. This orogenic movement has
taken place since the upper San Pedro series [Palos Verdes sand] was depos-
ited * *

PRONOUNCED UPLIFTS ALONG THE AXIS

The dominant feature of the Newport-Inglewood belt is an aline-
ment of discontinuous low hills that extend from the Santa ]4onica
Mountains southeastward into the coastal zone of the Long Beach-
Santa Ana area. These hills are uplifts having a common initial
surface (see p. 17), now deformed but virtually unmodified by erosion
or alluviation. In succession from the northwest they include
Beverly, Baldwin, Rosecrans, Dominguez, Signal, and Landing Hills.

Baldwin and Beverly Hills.—Among these uplifts the Baldwin Hills
(Tieje, 1926, p. 502-503) north of Inglewood are the boldest; the
highest point is some 410 feet higher than the central lowland to the
north and 513 feet above sea level. (See pl. 2, sections A-A’, B-B'.)
Roughly linear scarps constitute the outer faces on the west, north,
and east, and these are pierced by numerous valleys sharply incised
and reaching headward to the very center of the hill mass, with flat-
topped ridges intervening. On the south, however, the hills descend
ramplike to the adjacent lower terrane where the surface is also incised
and the flat ridge tops and southward-sloping ramps are parts of a
land surface initially continuous, gently arched from east tn west,
and plunging to the south. This is a segment of the late-Pleictocene
land surface, uplifted, tilted southward, and warped by eartt move-
ments. Bisecting the segment and apparently interrupting the
Pleistocene surface is a linear westward-facing scarp 75 to 150 feet
high that trends N. 20° W.; this feature is tentatively interpreted as a
fault scarp modified only by small gullies.

North of the Baldwin Hills and across the trench of Ballona Creek
the Beverly Hills disclose features analogous to those of the Paldwin
Hills, but with less relief. The principal summit in this northern
terrane is about 200 feet lower than the crest of the Baldwin Hills
and about 300 feet above sea level. The name Beverly Hills is
restricted in this report to a segment of hilly terrane wholly couth of
Santa Monica Boulevard, whose land surface is essentially composed
of late-Pleistocene (Palos Verdes) marine deposits.

Rosecrans Hills—Beginning just north of Inglewood at the south
flank of the Baldwin Hills and extending southeastward about 8 miles
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to the flank of Dominguez Hill is & low swell herein designated the
Rosecrans Hills. (See pl. 2, sections A-A’, C-C".) This swell is
about 3 miles wide. Its crest declines southeastward from an altitude
of 240 feet above sea level just east of Inglewood to about 100 feet
above sea level as it passes into Dominguez Hill. Its transverse
profiles are all somewhat asymmetric, with flatter eastern slopes that
grade imperceptibly into the central lowland and with steeper western
slopes that pass into Torrance Plain. Superposed on this general
form are modifying features of three types: a few headward-eroding
gullies and small streams; local bulges, not of erosional origin; and at
least two westward-facing fault escarpments. The more prominent
of the two escarpments, some 60 feet high and 2% miles long, trends
N. 25° W, and opposite Inglewood it passes about half a mile west of
the crest of the hills. To the south it appears to die o1t in the rela-
tively steep western flank of the hills; to the north its alinement is
prolonged in an eastward-facing escarpment that bounds the most
southerly promontory of the Baldwin Hills. The less prominent of
the two escarpments begins at the northern flank of Dcminguez Hill,
trends about N, 25° W. for a length of 1% miles, and is half a mile
west of the crest of the hills; it is about 25 feet high to the south and
dies out northward. These two escarpments are not in common
alinement; the one to the south is offset about 2 miles to the east of
the prolongation of the one farther north. Ignoring its gullies and
few small creek valleys the surface of Rosecrans Hills is deformational
in origin; it is another segment of the late-Pleistocene (Palos Verdes)
surface, upwarped and faulted.

Dominguez Hill.—Among the pronounced uplifts of the Newport-
Inglewood belt Dominguez Hill is unique in the simplicity of its
form. It is essentially an elliptical dome whose major dimension
trends N. 60° W., acutely across the general trend of the belt, and
whose transverse profile is asymmetric. (See pl. 2, sections A-A’,
D-D’.) Dominguez Hill is approximately 3 miles long, 2 miles wide,
and rises 170 feet above the adjacent central lowland. The summit
is about 195 feet above sea level. Its northeastern f'ank has the
gentler slope, approximately half that of the opposite flank. The
origin of the hill by doming of the surface of late-Pleistocene age is
substantiated by the occurrence on its west slope of marine sand
(Palos Verdes ? sand) beneath a thin terrace cover. (Se- table 6, log
for well 3/13-32F6.)

The general and fundamentally simple form of Dominguez Hill is
not substantially modified by features of detail. The surface of the
hill is only slightly dissected by gullies none of which is yet graded
throughout. The eastern toe of the hill has been cut back somewhat
by steam erosion and now terminates in a meander scer about 100
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feet high facing the channel of the Los Angeles River. On the western
slope of the hill the uniformity of its gradient is broken by a low linear
terrace and bench trending N. 25° E. for 0.7 mile. This feature has
been interprteted as a ‘‘shore-line groove” by Ferguson and "Villis
(1924, p. 5681). However, the terrace is notably linear and is slined
with a relatively large gully to the north and with a prominent rill to
the south; this common alinement, in conjunction with the abundance
of known fault scarps elsewhere along the Newport-Inglewood belt,
suggests that the ‘“‘groove’” may be of fault origin, but evidence is in-
conclusive. Bravinder (1942, p. 392) has discriminated certain faults
at depth in the Dominguez oil field—of which one seems to be alined
approximately with the groove—but he concludes that none of these
extends to the land surface.

Signal Hill uplift—Across the Lios Angeles River from Dominguez
Hill the Newport-Inglewood belt contains its most widely known top-
ographic feature, Signal Hill, the central and dominating feature of
an uplift that spans three distinct elements: a central segment of
relatively strong relief culminating in the two summits of Signal Hill
and Reservoir Hill; a northern segment that includes Los Cerritos
(little hills) and their physiographic equivalents to the east; and an
eastern segment that includes Alamitos Heights and the extension of
that district eastward nearly to the San Gabriel River. (See pl. 2,
sections A-A’, E-E’, F-F’.)

The central segment of this composite uplift is 3% miles long by 1%
miles wide and rises some 340 feet above the adjacent plains on either
side. It is a plexus of discontinuous warped ramps that rise at various
gradients from the plains and are separated by or merge into bold
linear scarps. This plexus is cut by subsequent gullies of irconse-
quential size and by one antecedent trench, somewhat tortuou-, that
transects the northern tip of the segment, trends S. 60° W ., and passes
just north of the intersection of Orange Avenue and Spring Street in
Long Beach. From this confusion of detail the general form of the
central segment emerges, if the scarps are visually suppressed snd the
gullies and trench disregarded; the warped ramps merge into a fairly
smooth ellipsoidal surface elongated N. 55° W. and somewhat asym-
metric in transverse profile. This reconstruction of general form is
based on substantial evidence that these particular ramps are seg-
ments of the late-Pleistocene (Palos Verdes) land surface and that the
scarps are of fault origin,

The most extensive fault escarpment of this central segment cuts
the southwestern flank of the uplift. About 3% miles long, it begins
near the intersection of Junipero Avenue and State Street in Long
Beach, trends N. 45° W., passes beyond the central segment at the
intersection of American Avenue and 32d Street, and continues to the
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far edge of the northern or Los Cerritos segment. T is scarp is the
land-surface trace of the Cherry~Hill fault (see pl. 3 and 1, p. 98);
along the scarp the land surfaces are lower to the souttwest; the land-
surface offset ranges from 40 to 250 feet, diminishing northwestward.
Parallel to this most extensive scarp, in echelon with it and with one
another, are two scarps each about a mile long, which cut the north-
eastern flank of the uplift, and along which the land surfaces are lower
to the northeast than to the southwest. These scarps mark the
traces of the Reservoir Hill and northeast flank faults. Along each
the land-surface offset increases northwestward from 30 to 125 feet
along the Reservoir Hill scarp and from 30 to 250 feet along the north-
east flank scarp. The echelon is closed on the northwest by a single
transverse scarp, the trace of the Pickler fault; it faces northwest and
is some 180 feet high.

Signal Hill, the dominant summit of the central segment, is a sharply
uptilted slice in the overlap between these longitudinal searps. It is
about 0.5 mile wide and 0.8 mile long. Only its southeast face is an
element of the late Pleistocene surface; that ramplike face begins in a
small saddle on the crest of the uplift at 125 feet above sea level,
rises at a uniform grade of 7 percent, and attains a summit altitude
of 365 feet above sea level. The opposite face of the hill is the trans-
verse scarp cited.

Reservoir Hill, a secondary summit 1 mile southeast of Signal Hill
and about 205 feet above sea level, is a sharply upwarped bulge offset
eastward from the base of the Signal Hill ramp. Its southern and
southwestern faces are ellipsoidal; its bold northeastern face is a part
of the most easterly of the longitudinal scarps. This hill may have
been appreciably disfigured by erosion.

The northern segment of the composite Signal Hill uplift consists
primarily of a rude dome, Los Cerritos, which is nearly circular and
about a mile across and has a flattish summit about 115 feet above
sea level and 80 feet above the lowland plain to the west. On the
southwest a small sector of this domed surface is offset downward
about 35 feet along the extension of the Cherry-Hill scarp. On the
northwest its flank has been cut back in a sinuous bluff some 15 to 60
feet high, facing the channel of the Los Angeles River. Its flattish
summit is gently undulating and suggests very slight degrading by a
meandering stream. On the east Los Cerritos is physiographically
continuous with a slightly undulating plain that declines radially east-
ward on a gradient between 20 and 40 feet a mile and merges im-
perceptibly with the central lowland. The southeastern flank of this
plain is traversed by a faint valley trending southwestward to the
head of the transverse trench cited. This valley is now very slightly
arched in longitudinal profile; presumably it was formed by a stream
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since deflected trom the rising uplift to a more advantageous course
but possibly maintained sufficiently long to have degraded sligttly a
substantial part of the Los Cerritos segment.

The eastern or Alamitos Heights segment of the composite Signal
Hill uplift is a low swell about 2 miles long by 1 mile wide, whose
greater dimension trends about N. 60° W.; its crest is 60 to 80 feet
above sea level. In outer form this segment is half an ellipsoid pcinted
northwestward into the southeastern flank of Reservoir Hill. It is
terminated on the southeast by a dissected escarpment 75 feet high
that faces the San Gabriel River. From the base of this escarpment
a gentle low swell about 15 feet high extends southeastward 0.4 mile
into Alamitos Gap. Although covered in part by a peat bed of B.ecent
age this low swell is interpreted as a stream-cut bench formed during
the erosion of Alamitos Gap and gently warped by subsequent folding
of the anticlinal structure, thus indicating growth of the anticline
during or since transection of the gap.

Barnes and Bowes (1930, p. 10-11) have described the Alemitos
Heights segment as the terminal northwestern part of a topographic
dome rather extensively disfigured on its southwestern flank by sub-
sequent minor streams. They also have interpreted a subdued dis-
continuity in land slopes high on the southwest flank of the deme in
Recreation Park as a modified fault scarp prolonging the Reservoir
Hill scarp to the southeast.

Landing Hwll—The most southeasterly of the pronounced uplifts
along the Newport-Inglewood belt is Landing Hill, 2 miles beyond
the Alamitos Heights segment and just bevond the San Gabriel River.
In outer form this small hill, its summit slightly less than 70 feet above
sea level, appears to be the terminal segment of an ellipsoid pointed
southeastward and little modified by erosion except on the northwest
where it ends in an erosional escarpment 60 feet high facing tle San
Gabriel River. Landing Hill is bisected by a low escarpment that
trends northwestward, across which the domed surface is offset about
15 feet downward to the northeast.

Barnes and Bowes (1930, p. 10) have interpreted Landing Hill as
the terminal southeastern part of an elongate breached dome of which
Alamitos Heights across the lowland of San Gabriel River is the
terminal northwestern segment; also they have interpreted the small
scarp that bisects Landing Hill as of fault origin, a definite prolonga-
tion of the alined fault scarps on Alamitos Heights and Reservoir Hill.

MESAS AND RELATED PLAINS

Corresponding to each of these uplifts and alined on their coastal
sides is a succession of plains that have many features in common and
are inferred both on physiographic and stratigraphic grounds to be
essentially contemporaneous, segments of the late-Pleistocene (Palos
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Verdes) surface and hence genetically related to one another and to
the uplifts. In sequence from the northwest these are Ocean Park
Plain, corresponding to but separated from Beverly Hills; Torrance
Plain, contiguous with Rosecrans Hills to the northeast; Long Beach
Plain, contiguous with the central segment of the Signal Hill uplift;
and an unnamed plain of small extent at the western foot of Landing
Hill. Analogs of these plains intervening discontinuously to the
terminus of the Newport-Inglewood belt include Bolsa Chica, Hunt-
ington Beach, and Newport mesa and, also remnants of an unnamed
deformed terrace on the flank of the San Joaquin Hills. These in
turn all appear to be genetically related to and essent’ally contempo-
raneous with the deformed lower terrace of the Palos Verdes Hills
(see p. 53).

Ocean Park Plain.—The Ocean Park Plain is defined in this report
as that part of the Santa Monica Plain, described by Hoots (1931,
p. 130), which lies mostly in the southwest angle of Pico Boulevard
and Bundy Drive, extends inland from the coast about 3 miles, and
is between 1 mile and 2 miles wide; its surface is composed largely
of marine deposits of late-Pleistocene (Palos Verdes) age. It includes
three physiographic subdivisions: on the east an isolated small bench
200 to 180 feet above sea level, sloping gently northward to northeast-
ward; a central and relatively extensive segment, undulating, but
sloping generally from an altitude of 175 feet above soa level on the
north to 125 feet on the south; and on the west a ridge-and-trench
element alined parallel to the coast, which Hoots (1931, p. 121)
concludes combines “sand bars and shore-line bluffs that were de-
veloped when the ocean stood at a higher level with relation to the
land.” He describes the materials of this plain as largely “fine brown
thin-bedded sand that has been washed free of all clay material.”
In most features Ocean Park Plain is unique among the coastal mesas
and plains of the Newport-Inglewood belt. Its orig'n is not fully
understood at this time.

Torrance Plain.—In this report Torrance Plain is defined as that
part of the coastal lowland which lies west of the Rosecrans and
Dominguez Hills and is composed of marine or alluvial deposits of
late-Pleistocene (Palos Verdes) age. Thus defined Torrance Plain is
genetically a part of the Newport-Inglewood belt and is distinct from
the remaining and western part of the coastal lowland, which is
composed of inactive dunes and is here designated El Segundo sand-
hills (see p. 33). As here restricted, Torrance Plain and El Segundo
sandhills together constitute El Segundo Plain, described by Reed
and Hollister (1936, p. 115) and by Wissler (1941, p. 211).

Torrance Plain declines 5 to 10 feet per mile eastward or southeast-
ward to its inland margin and there passes upward into the flank of
the Rosecrans Hills, its altitude ranging 25 to 125 feet above sea level.
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Along its western and generally higher margin it is inferred to pass
beneath the eolian deposits of El Segundo sandhills. (See pl. 2,
section C-C".) At its southern margin it terminates again<t the
escarpment, as much as 225 feet high, that cuts off the deformed
lower terrace on the north flank of the Palos Verdes Hills. It is some-
what warped throughout, especially along its inland margin. Just
north of Gardena this warping has formed a moderately extensive
shallow depression that lacks natural external drainage and is floored
with playa deposits of Recent age and of local origin. This post-
Pleistocene playa surface is not discriminated on plate 1. 2 more
pronounced downwarp of the same sort occurs at the southwestern
flank of Dominguez Hill; the central part of this downwarp involves
a plain of post-Pleistocene age, outlined on plate 1 by the pronounced
northwestward extension of Downey Plain into Torrance Plain. To
the west the marginal part of Torrance Plain is warped upward against
the flank of the Palos Verdes Hills. (See pl. 2, section D-D’.)

Under natural conditions Torrance Plain was very imperfectly
drained. From its east-central part drainage passed to the downwarp
north of Gardena by way of several small depressions, and from its
central part to the downwarp southwest of Dominguez Hill by way
of Laguna Dominguez and an unnamed creek that trends eestward
from the vicinity of Torrance. A small district north and west of
Wilmington, on the southernmost part of the plain, drained internally
to Bixby Slough. Only the extreme southeastern part of the plain
drained externally—to San Pedro Bay through the outlet from Watson
Lakes (Mendenhall, 1905b, pl. 4). Much of this discontinuous
natural drainage has been integrated artificially by the sn-called
Dominguez Channel, which discharges to the Cerritos Channel of
Los Angeles Harbor.

Long Beach Plain.—This plain is similar to Torrance Plain in that
it slopes generally inland and is warped within itself; it is di~similar
in that its southern edge is a sea cliff, its western and eastern edges
are stream-cut bluffs, and it is undrained except by the municipal
storm sewers of Long Beach. Typical profiles are shown on plate 2,
sections F~E’ and F-F’. Along the sea cliff the plain is hetween
25 and 65 feet above sea level and is higher toward the east. In its
western part it sags radially inland to an undrained depression directly
below the crest of Signal Hill where it is 20 feet above sea level;
this sag probably is an eastern segment of a downwarped area corre-
lative with a western and more extensive segment at the southwest
flank of Dominguez Hill. In its eastern part the plain rises in a
gentle swell to a crest of 65 feet above sea level.

Corresponding to Long Beach Plain is a small plain on the coastal
side of Landing Hill; it is about 20 feet above sea level at its rarginal
sea cliffi and, like Long Beach Plain, dips gently inland.
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Huntington Beach Mesa.—Among the three coastal mesas that con-
stitute the southeastern and lower part of the Newport-Inglewood
belt, Huntington Beach Mesa discloses diverse features that in the
main are inferred deformational in origin. (See pl. 2, section H-H".)
As is shown on the topographic maps of the Seal Beacl and Newport
Beach quadrangles, this land-form element is roughly rectangular, 2%
miles wide along the coast and extending inland nearly 4 miles. Its
southwestern face is a sea cliff 30 to 40 feet high ; its northwestern and
southeastern faces are stream-cut bluffs respectively 70 and 45 feet
high, declining in height away from the coast. Its surface is disposed
in three inland-dipping segments of distinctive altitudes, and at the
northeastern margin of the mesa plunges beneath Downey Plain.

The coastal segment of Huntington Beach Mesa extends inland
about half a mile and there terminates in a succession of small un-
drained depressions alined parallel to the coast. Its surface is very
nearly horizontal and between 30 and 40 feet above sea level; it is
believed not to be a wave-cut platform because, to the northwest, a
corresponding feature of Bolsa Chica Mesa is considerably deformed.

A mile to a mile and a quarter inland from the coest the inland
and highest segment of the mesa rises in a rudely linear escarpment or
ramp, which trends S. 60° E., to three small hills, the highest about
130 feet. above sea level. Beyond the hills the characteristic mesa plain
declines northeastward from an altitude of 75 feet above sea level to
about 25 feet as it plunges beneath the central lowland 2} miles away.
This inland segment of the mesa is sharply trenched by soveral gullies,
the most extensive fully 2 miles long.

The intervening or central segment of Huntington Beach Mesa is
half a mile to a mile wide and is a plexus of several forms. On the
west it includes a ramp that rises between 35 and 40 feet from the
inland edge of the coastal segment, trends S. 30° E. for about a mile,
then swerves sharply due east for three-quarters of a mile. In the
angle between its two trends the ramp is capped by an inland-plunging
bench 75 to 87 feet above sea level. This ramp-and-tench feature
abuts against the bordering escarpment of the inland segment and
at either end merges into it. Beyond this feature and alined south-
eastward from it two small hills, 65 and 45 feet above sea level, define
the shoreward edge of the central segment and pass inland into a
somewhat undulating plain 30 to 35 feet above sea level. In this
central segment the land forms are somewhat rounded as though
smoothed by streams, but if their configuration was caured primarily
by erosion they are notably anomalous with relation to practically
all other land forms of the Newport-Inglewood belt.

Huntington Beach Mesa spans a zone of probable faulting and
shearing in the underlyving rocks, and its central segirent may be
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bounded by fault traces along either side. It is inferred tentatively
that the mesa is essentially of deformational origin, not greatly dis-
figured by subsequent erosion. In conformity with the origin of
forms elsewhere in the Newport-Inglewood belt the linear ramps
would be essentially fault scarps, and the several small hills would be
warped slices and upsheared blocks between or adjacent to principal
fractures.

Bolsa Chica and Newport Mesas.—Northwest and southeast of
Huntington Beach Mesa, respectively, the Bolsa Chica and Newport
Mesas are fundamentally of simpler configuration. (See pl. 2, sec-
tions G~G’ and I-I’.) Bolsa Chica Mesa consists of two parts sepa-
rated by a linear ocean-facing fault scarp. Its principal or inland
part has the form of a sector from an inland-plunging ellipsoid, its
crest is some 65 feet above sea level, and its southeastern face is a
stream-cut bluff 50 feet high. Shoreward the mesa is extended by
a bench about a third of a mile wide, 25 feet above sea level on its
highest part and plunging northwestward; it is essentially a slice from
the ellipsoidal surface of the inland part of the mesa, depressed 20
to 40 feet with respect to that part. Its shoreward face is a low sea
cliff, now shielded by a barrier beach and a small lagoon.

Newport Mesa is even simpler in form and its upper surface is very
slightly warped, if at all. From a crest near the coast where it is 85
to 105 feet above sea level this surface dips northeastward about 20
feet in a mile and at its inland edge passes beneath Downey Plain
at an altitude of about 30 feet. To the south the mesa terminates
in a gullied sea cliff 65 to 100 feet high, facing the barrier beach and
lagoons of Newport Bay. To the west and east it terminetes in
gullied stream-cut bluffs about 100 feet high, facing respectively
toward the Santa Ana River and the trench that contains the inland
arm of Newport Bay.

Along the western part of the south-facing sea cliff, and 25 to 35
feet below the upper surface of the mesa, a narrow bench nearly a mile
long terminates landward in a ramp roughly alined with the ramp
and low hills along the inland side of the coastal segment of Huntington
Beach Mesa. It is conceivable that this bench is of deformational
origin, but geologic features of the vicinity are too poorly expcsed to
indicate this conclusively.

Eastward across the inland arm of Newport Bay and its lowland
the surface of Newport Mesa appears to be correlative with a terrace
along the flank of the San Joaquin Hills. This terrace, the terminal
feature of the Newport-Inglewood belt on the southeast, is 0.6 mile
wide and extends discontinuously inland some 6 miles. Genetically
it appears to be a strict analog of the lowest terrace on the Palos
Verdes Hills (see p. 54), although it is less deformed. From its
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100-foot sea cliff in the Corona del Mar district the terrace arches
gently to a crest about 3 miles inland and 115 feet above sea level,
then declines gradually until it finally passes under or merges into
the edge of Tustin Plain at an altitude of about 75 feet.

Much of this lowest terrace on the San Joaquin Hills, virtually all
of Newport Mesa, the inland segment of Huntingtor Beach Mesa,
and the larger segment of Bolsa Chica Mesa, jointly define a single
and formerly continuous surface. That common surface, an element
of the deformed late-Pleistocene (Palos Verdes) surface, is tilted
uniformly somewhat east of north and is warped only locally and
slightly at its western edge in Bolsa Chica Mesa; it iz substantially
disfigured only by the gaps which intervene between the several
mesas.

GAPS

The hills and mesas of the Newport-Inglewood belt sre interrupted
by six gaps through which tongues of the central lowland, Downey
Plain, extend to the coast. These gaps are critical in relation to the
occurrence and chemical character of ground-water bodies in the
coastal-plain area because each is floored by alluvial materials, per-
meable in part, through which ocean water might move inland if the
fresh-water bodies were drawn down excessively. Beginning at the
northwest the six gaps are: Ballona Gap between the Beverly Hills
and the Baldwin Hills, 1.2 miles across at its narrowest part; Do-
minguez Gap of the Los Angeles River between Dominguez Hill and
the Signal Hill uplift, 1.6 miles; Alamitos Gap of the San Gabriel
River, 1.5 miles; Sunset Gap between Landing Hilt and Bolsa Chica
Mesa, 2.2 miles; Bolsa Gap northeast of Huntington Beach Mesa, 1.6
miles; and Santa Ana Gap between Huntington Beach and Newport
Mesas, 2.4 miles. Only three of these six gaps are now occupied
perennially by streams. The aggregate width of all six gaps is 10.5
miles, or nearly one fourth of the 45-mile length of the Newport-
Inglewood belt. The Long Beach-Santa Ana area includes five of the
six gaps in a 27-mile segment of the belt; the five gaps Fave an aggre-
gate width of 9.3 miles, nearly 35 percent of the 27-mile segment.

To the southeast beyond the six gaps the so-called Newport Canyon
separates Newport Mesa from the lowest terrace on the San Joaquin
Hills. Newport Canyon is a sinuous trench that extends inland about
6 miles across the full width of the mesa, is 0.2 to 0.8 mile wide, about
115 feet deep near the coast but shallows inland to 20 fest at its head,
and is flanked on either side by gullied stream-cut bluffs. Its south-
western part is occupied by the inland arm of Newport Bay. Farther
inland it has an aggraded floor composed of deposits of Recent age;
this floor does not merge inland with the central lowland (Downey
Plain) but terminates at the base of a low ramp that rises some 20
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feet to that lowland and tentatively is inferred to be deformational in
origin. This canyon does not naturally drain any part of the plains
inland from Newport Mesa, but its origin is largely analogous to the
wider gaps to the northwest.

Concerning the origin of the several gaps the fqllowing 8 features
are critically diagnostic:

1. All except Sunset Gap are flanked on either side by stream-cut
bluffs that trend across the Newport-Inglewood belt, and range in
height from 60 feet at the northwest face of Landing Hill to 400 feet
at the north face of the Baldwin Hills.

2. All are trenched into the deformed late-Pleistocene (Palos Verdes)
surface, which was initially a plain very little above the sea level of
that time (see p. 17).

3. The Dominguez and Santa Ana Gaps are floored by deposits of
Recent age about 150 feet thick, as shown by the logs of numerous
water wells. In both gaps the late-Pleistocene surface was initially
trenched to a depth of about 250 feet at the axis of greatest deforma-
tion of the late Pleistocene surface and to a depth of about 150 feet
below present sea level at the coast. In the Dominguez Gap the
longitudinal profile of that trench, now buried, appears to have been
deformed downward not more than about 25 feet at the axis of the
downwarp adjacent to and southwest of Dominguez Hill. In the
Santa Ana Gap the profile of the buried trench is not deformed sub-
stantially, if at all.

4. These two trenches in the late-Pleistocene surface extended in-
land across the full width of the coastal plain; profiles of their floors
are very nearly parallel to the present land surface. (See p. 44 and
pl. 7.) Clearly the pre-Recent trenches of the Dominguez and Santa
Ana Gaps were adjusted to a regional base level not less than 150 feet
lower than that of the undeformed late-Pleistocene surface anc about
150 feet lower than at present. Then as now base level was doubtless
fixed by the ocean.

5. Along the coast of all the area shown on plate 1, and far teyond,
there is an extensive though somewhat discontinuous submerged shelf
whose inshore and offshore margins are, respectively, about 20 and 40
fathoms (120 and 240 feet) below sea level (U. S. Department of Com-
merce, Coast and Geodetic Survey, 1939, chart 5101). Presumably
this shelf is a feature of a former shore; it may be fortuitous that it is
approximately on the prolonged profiles of the pre-Recent trenches of
the Dominguez and Santa Ana Gaps. However, the uniformity of
its depth indicates little or no subsequent tilting of the region in a
northwesterly direction.

6. In the Dominguez and Santa Ana Gaps the Recent epoch of
aggradation began with the deposition of gravel and coarse sand to a
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depth of 40 to 70 feet. Equally thick deposits of coarse material do
not exist in the intervening gaps.

7. Bolsa Gap is floored by deposits of Recent age about 80 feet
thick that include a basal gravel member 5 to 20 feet thick. (See p.
45.) Here the late Pleistocene surface was trenched to a depth of
about 210 feet below the crest of Huntington Beach Mesa, and about
70 feet below present sea level at the coast. Inland from the coast
this trench extends northeastward about 6 miles; near Westminster
it is cut off by the western flank of the deeper trench of Santa Ana
Gap. Beneath Bolsa Gap the trench floor is almost horizontal; if
stream-cut, its initial seaward grade has been flattered by inland
tilting. (See p. 46.)

8. Everywhere southeast of Ballona Gap the inland margin of the
Newport-Inglewood belt is the overlapping edge of a single deposit of
Recent age, tongues of which extend through the severnl gaps to the
coast. There appear to be no other deposits superposed on the
deformed late-Pleistocene surface.

These features are interpreted to indicate that: (1) The gaps of
the Newport-Inglewood belt were cut by major streams which existed
on the late-Pleistocene surface prior to its deformation and which had
sufficient eroding power to maintain graded courses as the uplifts rose
athwart them. (2) During the pre-Recent epoch of trenching, the
regional base level of erosion declined progressively though intermit-
tently, inferentially owing to withdrawal of the ocean from a regionally
stable land area. The aggregate decline was not less than 150 feet,
with at least one temporary halt after a decline of about 70 feet. (3)
Deformation in the Newport-Inglewood belt was substantially com-
pleted within the pre-Recent epoch of trenching, and largely before the
temporary stand with base level lowered about 70 feet; however, the
downwarp southwest of Dominguez Hill and Signal I7ill has been
somewhat deepened subsequently. (4) In the Long Beach-Santa Ana
area, only the Dominguez and Santa Ana Gaps were occupied by
streams in the late part of the pre-Recent epoch and were then trenched
in full adjustment to the lowest base level. (5) During the Recent
epoch the antecedent trenched surface has been aggraded about 150
feet concurrently with a regional rise of base level. There is sub-
stantial evidence that this rise was caused by advance of the ocean
upon a regionally stable land area.

Major transecting streams could have entered the coastal plain
through the inland foothills and highlands only at the three passes:
Los Angeles Narrows, Whittier Narrows, and Santa Ana Canyon.
On the deforming late-Pleistocene surface such streams probably
became established across the Newport-Inglewood belt, and once
trenched to substantial depth were not easily diverted thereafter. At
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the northwestern end of the belt the Ballona Gap probably was cut
and trenched largely by a stream that coursed westward from the Los
Angeles Narrows. There is also substantial evidence that at the <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>