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SUBJECT TO REVISION

GEOLOGY AND GROUWD-WATER HYDRGLOGY OF THE MILL CREEK AREA,
 SAN BERNARDINO COUNTY, CALIFORNIA

By L. C. Dutcher and V. L. Burnham

ABSTRACT

The 11111 Creel area, in the upper Santa 4na Valley,
California, is boynded on the north by the . Santa Ana River,
on the east by the San Bernardino lountains, on the south
by the Crafton Hills, and on the west by the west. edge of
the city of Redlands. Large alluvial fans underlie most
of the area, but other landforms include alluvial benches,
dissected alluvial hills, plains, terraces, and bedrock
hills which locally protrude above the floor of the allu-
viated valley.

The water-bearing deposits include channel deposits
of Recent age, which principally underlie the channels of
the Santa Ana River and MHill Creek, younger alluvium of
Recent age beneath flood plains and in fans, older alluvium
andibench deposits of Pleistocene agé, and the.Saﬁ'Timoteo
beds of Erigk%(IOZI),,of Pliocene and early ?iéiétocene

age.
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The younger alluvium attains a knovm maximum thick-
ness of about 140 feet beneath Mill Creek upstream from
the mouth of 1iill Creek Canyon; elsevhere in the area it
ranges in thickness from a featheredge to about 130 feet
in Mill Creek basin., The older alluvium locally may
exceed 800 feet in thickness; and the San Timoteo beds
of Frick (1921) locally may exceed 2,000 feet, but their
thickness and extent beneath the valley areas are
imperfectly known,

The virtually nonwater-bearing rocks include the
Potato sandstone of Vaughan (1922) which crops out in
the San Perndardino Mountains, and grystalline and meta-
morphic rocks of -pre-Tertiary 4ge, vhich form the bedrock
of the area.

Faults strike across the valley area and form barriers
that restrict the movement of grouﬁé vdter through all
deposits older than those of Recenf age, The approxi-
mate positions of several ground-watér barriers in the
area are shown for the flrst time. Majdr baffiérs
include the Crafton, Redlands, and Oak Clen faﬁltsi in
addition, other barriers, believedité be minor faults,
subdivide previously established ground-water basins.

The area of Bunker Hill Basin, as previously established
by Eckis (1934), is separated into Mill Creek, Mentone,
and Redlands basins. The area of San Timoteo Basin, as
previously established by Eckis (1934), is further sub-

divided into several smaller basins, including Reservoir
basin and the Sand Canyon and Redlands Heights areas.
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'1ill Creek is the largest tributary of the Santa Ana
River in thée Mill Creek area., The flow at the mouth of the
canyon:whéfeithe sitream emerges from the San Bernardino
Mountains '4nd just dovnstream from the intake of power
canal 1, which is the third and final diversion point on
the stream, averéged about §,700 acre-feet per year during
the periods of record,“1920-38 énd‘1948;55. The records
include 20 years in a dry and 6 years in a wet climatic
period. "The ¢6mgined flow of the'three powver canals,
which divert'ﬁéter from Mill Creek upstream from the gage
at the mouth of the canyon, averaged about 15,200»acre~
feet perAyear'during the period of record, 1920;55, which
included 13 years in a wet and 22 years in a dry climatic
period, A part of the water diverted from Mill Creek is
returned to ground water through spreading basins in Mill
Creek and lientone basins each season., During the period
of record, 1922-55, which included 11 years in a wet and
22 years in'a dry climatic period, it is estimated that a
total of about 170,000 acre-feet, or an average of about
5,000 acre-feet per year, was conserved in this manner.
The flow of Mill Creek near its juncture with the Santa
Ana River also was gaged after 193%. The outflow in Mill
Creek during the period 1939-55 averaged about 2,000 acre-

feet per year. The period included 7 years in a wet and
10 years in a dry climatic period.
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Seasonal water- level fluctuations of as much as
50 feet are recorded in 11111l Creek basin; long-term
fluctuations in re5ponse to wet and dry climatic cycles
of as much as iéo EB 140 feet are recorded in Res-
ervoir!'Redlands, and Western Heights basins,

Pumping tests were made in Mill Creek basin to
determine the coefficients of transmissibility, per-
meability, and storage of tﬁe younger and the older
alluvium and the distances to aquifer boundaries.

The estimated coefficient of permeability of the younger
(gallons per day)

- alluvium in Mill Creek basin is about 1, 400 gpd/per:

square foot; the coefficlent of storage, practically

tﬁe same as the specific yield, is about 0.05; and the

transmissibility locally is nearly 100,000 gpd per

foét. Tbe estimated coefficient of permeabilit& of

the older alluvium in Mill Creek basiﬁ is about 50

gpd per square foot; it mayybe as much as 300 gpd

per square foot locally in llentone basin.
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Recharge to 1iill Creek basin occurs principally by
seepage from Mill Creek and from artifical spreading basins,
subsurface inflow from the mouth of 11ill Creek Canyon and
from the Triple Falls Creek area,?%gom deep penetration
of rain. During the period for which records of both
inflow and outflou of surface water in Mill Creek are
available, 1948-55, recharge to 1Mill Creek basin from
seepage losses averaged at least 800 acre-feet per year
and may have been somewhat greater. These years, houever,
wvere entirely within a dry period. Cround-water inflow
at the mouth of iMill Creek Canyon and from the Triple
Falls Creel area may be on the order of 1,000 and 2,000
acre-feet a year, respectively. The long-term average
deep penetration of rain may be on the order of 200 acre-
feet a yedr., Estimated total recharge for the &S-year dry
period 19486-55 was 35,000 to 40,000 acre-feet.

CGrounc water is discharged from the ground-water
reservolr of Mill Creek basin principally by pumping and

subsurface outflow to lentone basin; a very small’ amount
is transpired by plants, and infrequently a very small

amount discharges ds "rising water" in Mill Creek; the
latter two items were not estimated. Metered and
estimated pumpage during the period 1941-55 totaled about
29,000 acre-feet. The estimated subsurfuace outflow to
Mentone basin through the younger and older alluvium during

the period 1936 to 1955, vhich included 10 years in a wet
and 10 years in a-dry climatic period, was about 115,000
acre-feet, or an average of about 5,700 acre-feet per year.
Estimated total discharge for the period 1941-55, which
included 5 years in a wet and 10 years in a dry climatic
period was 110,000 acre-feet.
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The estimated gross ground-vater storage capacity
of Mill Creek basin is about 8,000 acre-feet, based
on a specific yield of 5 percent estimated from pumping
tests, The estimated usable capacity is about 6,400
“acre-feet, In December 1951 only about 2,000 acre~
feet of the usable storage remained in the baéin, and
in March 1955 about 2,800 acre-feet of usable storage
remained,

Because the usable storage capacity is small,
the dependable yield of Mill Creek basin is limited
to the supply available during severé:droughts.
During the 6-year dry period 1946-51 the short-term
yield was estimated to be 1,600 acre-feét. The existing
vells in the basin have combined ylelds capable of
depleting the available supply during a 6-year drought,
but their efficiency was low and the pumping costs
were large at the end of the drought period. The short-
term yield could be increased substantially by‘addi-
tional water-spreading operations in the eastern part
" of the basin, and by salvage of a part of the éub-
surface outflow from the basin by drilling supply
wells or constructing a collection gallery or a large
water tunnel near the western margin of the basin.

The chemical quality of ground water in the Mill
Creek area 1is excellent. The waters are mainly of the
calcium bicarbonate type, have about 160 to 230 parts

per million of dissolved solids, and generally are

suitable for agricultural and domestic uses.
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INTRODUCTICH:

LOCATIOCI! AI'D EXTENT OF THE AREA

The 11111 Creek area is in the edsternmost part of
the upper»Sahta Ana Valley in San Bernardino County, Calif,

(pls. 1 and 2), It is about 80 miles east of Los Angeles

Plate 1,- Ceneralized geologic map of the South
Coastal Basin in the Los Angeles area, Calif.

Plate 2,- Ceologic map of the MMill Creek area, Calif.

and is bordered by:the San Bernardino liountains on the east,
the Santa Ana River on the north, and the Crafton Hills

on the south. The area has an east-west length of about

12 miles and an average north-south width of about 5 miles.
The area is shown in detail on the Yucaipa and Redlands
topographic quadrangle maps of the U, S. Ceological Survey
at a scale of 1:24,000. The area is readily accessible.
from Los Angeles and from the California desert area to

the cast by way of U. S. Highuwuays 70 and 99.
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Hydrologically the area includes all or parts of
Mill Creek, Mentone, Vestern Heights, San Timoteo-
Beaumont, Reservoir, Redlands, and Bunker Hill basins
and the Mill Creek Canyon, Triple Falls Creek, Creen-
spot, Sand Canyon, and Redlands Heights areas, The
geologic and hydrologic complexity of the area has
necessitated the establishment of these numerous basins
and areas, The report is concerned specifically with

1111l Creek basin.,™

_/ Except for the South Coastal Basin, the term
“"basin' 1s used throughout this report to indicate a
ground-vater basin, the boundaries of which do not
necessarily coincide with topographic features. 1In
this report the previously established Bunker Hill,
Yucaipa, San Timoteo, Beaumont,Aand Lytle Basins (pl. 2)
are differentiated by capitalization of the letter B
in the word basin from the newly described liill Creel,
Mentone, Redlands, Reservoir, Western Heights, and San
Timoteo~Beaumont basins, which are indicated by use

of the lowercase letter b in the word basin.



The basins are filled with alluviums and chey are
extensively cultivated except locally on the steeply sloping
alluvial fans near streams. Citrus fruilts are the principal
crop, and irrigation is necessary because of low rainfall,
The district around Kedlands contains gsome of the oldest
orange groves in California and reportedly produces more
navel oranges than any other area of comparable size in the
world. The citrus trees grow best on the deep reddish-
broun soils developed on the older alluvial deposits which
crop out near the borders of the area, particularly in and
near the city of Redlands.

The city of Redlands, population 18,429 in 1950, is
the largest community in the area. The economy is based
primarily on the production and marketing of citrus fruits,

but light industry has grown during recent years.
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PURPOSE 4D SCOPE OF THE REPCRT

The Geological Survey, in cooperation with the
city of Ledlands, begun the ground-water study of the
1ill Creek area im July 1954. The objective of the
studj was to investigate the so-called Mill'Creek.
basin in order to determine the geologic and
hydrologic conditions of ground-water supply and move-
ment, to ascertain vhether the basin is separated
hydrologically from Bunker Hill Basin, to estimate
the magnitude of the ground-wvater storage cépacity,
to furnish information. relating to the yield of the
basin, and to select areas and to comment on methods
most favorable for withdrawing the available supply.

The investiguation wvas made by the Geological
Survey, U. S. Department of the Interior, under the
direction of G. F. orts, Jr., formerly district
geologist for the Cround Yater Branch, Sacrawmento,
Calif. The work was under the direct supervision of
Fred llunkel, geologist in charge of the Long Beach
subdistrict office. This report is under the cowbined
authorship of L. C., Dutcher and ', L. Burnham; the
field location of wells and the geologic mapping
south of Redlands is largely the work of Burnham,

The pumping tests were made by both authors; the
geologic and hydrologic interpretations and text were

prepared by Dutcher,
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CLIIX.TIC FEATURES

The climate of the area is of the lediterranean type,
having moderate precipitation in the winter and little or
none in the summer. The mean annual precipitation ranges
from about 14 inches to more than 23 inéhés, according
to the location and altitude. [xtremes have occurred when
precipitation was as low as 45 percent of the average in
1896;99 or as high as 223 percent of the average in 16&3-
84, Pronounced wet and dry peiiods occur in cycles of
nonuniform length.

The city of San Bernardino is about in the center of
the San Bernardino Valley, and the period of record of
~ rainfall at that station is the longest for the area.

The precipitation for the period 1671-1952 is given in
table 1, together with the annual and cumulative departure
from average. The average annual precibitation for the
period was 16.79 inches. Baséd~6h records from weather
stations at San Eernardino and‘ﬁedlands,.réspectively,

the average yearly mean temperdture is dbout 62°F The
temperature has ranged £rom a maximum of about 116°F to

a minimum of 18&°
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Table 1.- Yearly rainfall at San Bernardino during the 82-year period
1871-1952 (in inches)

(For the seasonal year of the U. S. Weather Bureau, July 1 to June 30)
Seasonal @ :Seasgonal :

year :Rainfall: Ekparture Cumulative' year Rainfall Departure Cumulativ|
ending : (a) : departure: ending : ¢ (a) : departur
June 30 : : s :June 30 : ¢
1871 13.9% -2.85 -2.85 : 1896 8.1 -8.68 -7.17
72 8.98 -7.8 -10.66 : 97 16.74 -.05 -7.22
73 15.10 -1.69 -12.35 : 98 8.2k -8.55 -15.77
Th 23.81  +7.02 -5.33 : 99 7.49 -9.30 -25.07
75 13.65 -3.1h -8.47 ; 1900 8.6k -8.15 -33.22
1876 19.90  +3.11 -5.36 ; 1901 17.36 +.57 -32.65
7 9.52  -T.27 12,63 02 11.15 -5.64 -38.29
78 20.33  +43.54 9.09 03 17.k2 +.63 -37.66
79 sk 525 -lk.3h " o 9.37 -7.h2 -k5.08
80 20.36 f3.57f7. -10.77 § 05 20.78 +3.99 -41.09
1881 13.50  -3.29  -1k.06 ;;906 ~19.88  43.09 -38.00
82 1.5  -5.25 -19.31 : 07 _23.17 +6.38 | -31.62
83 9.17  -T.62 -26.93 08 15.62 -1.17 -32.79
84 37.51  +20.72 -6.21 09 17.36 +.57 -32.22
85 10.81  -5.98 12,19 10 15.02 -1.77 -33.99
1886 21.93 +5.14 -7.05 :1911 16.34 -.u5 -3k.44
87 .50  -2.29 9.3% ;12 13.84 -2.95 -37.39
88 17.76 +.97 -8.37 : 13 11.08 -5.71 -43.10
89 20.97 4.8 -4.19 : 1L 21.45 +4.66 -38.44
90 25.08  48.29 +4.10 : 15 19.64 +2.85 -35.59
1891 18.08  +41.29 +5.39 :1916 2. 72 +7.93 -27.66
92 14.35 -2.44 | +2.95 : 17 13.79 -3.00 -30.66
93 19.82  43.03 +5.98 ; 18 13.33 -3.46 -34,12
gk 8.13 -8.66 -2.68 ; 19 13.62 -3.17 -37.29
95 20.98  +4.19 +1.51 ; 20 19.28 +2.49 -34.80
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Table 1.- Yearly rainfall at San Bernardino for the 82-year period

(For the seaso

1871-1952 (in inches)--Continued

nal year of the U. S.

Weather Bureau, July 1 to June 30)

easonal @

year :Rainfall:Departure:Cumulative:

:Seasonal: :
year :Rainfall:Departure:Cumilative

ending : (a) : departure:ending (a) : departure

une 30 : : :June 30 : :

1921  16.46 -0.33 -35.13 %1936 17.10 +0.31 -43.48
22 27.75 +10.96 -2h.17 37 31.93 +15.14 -28.3L
23 11.04 -5.75 -29.92 38 25.36 +8.57 ~19.77
2L 11.3L -5.45 -35.37 39 16.17 -.62 -20.39
25 10.89 -5.90 -h1.27 Lo 18.33 +1.54 -18.85

1926  20.ko +3.61 -37.66 5191;1 35.90  +19.11 + .26
27  20.55 +3.76 ~33.90 : ko 16.70 -.09 +.17
28 1k.05 -2.7h -36.64 43 27.53  +10.Th +10.91
29 12.21 -lt.58 -k1.22 A 21.91 +5.12 +16.03
30 14.06 -2.73 -43.95 Pobs 18.32 +1.53 +17.56

1931 15.31 L8 sA3 tigke 1261 418 413.38
32 21.98 +5.19 -ho.2h 47 17.02 + .23 +13.61
33 13.16 -3.63 -h3.87 48 10.95 -5.84 +7.77
B 1298 3.8 A7.68 ¢ kg 238 45.39
35  20.68 +3.89 -43.79 : 50 11.84 -4.95 +.4h

1951 9.35 -7.k4 -7.Aoo
i 52 23.92 +7.13 +.13

a.

Based on a seasonal average-of

16.79 inches for the 82-year period.
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PREVIOUS INVESTICATICHS

Severul publications contain valuable déta concern=~
ing the use of water for irtigation, the occurrence
and movement of ground water, and the ground-water
storage capacity of the alluvial deposits of the re-
port area. However, most deal with the Mill Creel: area
only as a small part of a larger area investigated.

So far as is knoun the first inventory of wells in

the vicinity of Rediénds was made by Lippincott (1902a
and 1902b) in 1900; the tabulation includes, among other
‘things, the year drilled, depth, land-surface altitude,
and a water-level measurement.

A few years later, a report by lMendenhall (1905)
on the San Bernardino artesian area included a tabu-
lation of wells in the Mill Creek area and briefly
discussed the geology and ground-water hydrology.
fzdditional work on the geologic and hydrologic features
in the area was done by Sonderegger (1918), who discussed
the water-spreading operations oﬁ the alluvial fans,

In a report by Eckié (1934)‘ﬁhe geology, hydrology,
and ground—water»storagejcapacity of the varioﬁs ground-
water -basins in the San Bernardino Valley, as well as
in other areas in the South Coastal Basin are discussed.
In addition to other useful data that report contains
a geologic map of the area, a map showing basin bound-
aries and water-level contours, and a map showing lines

of estimated equal specific yield of the deposits in
the ground-water basins.
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In a report by Gleason (1947) inflow, outflow, over-
drafi, and other factors related to the Hydrologic equa-
tion for each of the several ground-wvater basins in the
upper Santa 4na Valley are discussed. No appraisal of
overdrafc in Mill Creek basin was included in that report,

Several publications by the U. S. Geological Survey
and the California Department of Water Resources contain
useful records of basic data on hydrology, chemical quality
of ground waters, and water levels in wells, Chief among
these are (1) the U, S. Ceological Survey annual water-
supply papers (table 7) on surface-water supply and on watei:
levels and artesian pressure in wells; (2) the California
Division of Water Resources Bulletin 39 (Cleason, 1932)
on water levels in’the Santa Ana River basins, and Bulletin
40-H (Cleason, 1947), which contains data on the chemical
quality of ground and surface ‘waters in the area; and (3)
U. S. Geological Survey Hydrologic Investigations itlas
HA-1 (Troxell, 1954), which discusses the surface-water

hydrology of the San Bernardino lMountains.
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4 report by the Ceological Survey (Dutcher and
Carrett, 1953, prepared in wcooperation with the San
Bernardino County Flood Conirol District, describes
the geology and hydrology of the San Bernardino area
and includes general information on the occurrence
and movemement of ground water in the Mill Creek area.
The appendix to that report contains a comprehensive
tabulation of wells and well data, selected logs of wells,
and chemical analyses of ground and surface waters,

The numbers assigned to wells in that investigation

are, in a few instances, different from the well numbers
assigned during this investigation. The number changes
vere necessary because the wells in the Mill Creek

area vere not field located by the Ceological Survey
during the San Bernardino area investigation. They
were plotted and assigned numbers on thé basis of
existing records. The numbers assigned in this report

are based on fiecld-checked locations and are more

accurage.
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inother report is now being written by the Geological
Survey based on an investigation made by W, L. Burnham and
L. C. Dutcher in the Kedlands - Peaumont area, in coopera-
tion with the San Bermardino County Flood Control District.
In it certain features of the geology and ground-water
hydrology in the Mill Creek area are discussed, as the
investigation in the Redlands-Beaumont area includes the
Hill Creek area also. The basic datda on water wells in
both the Redlands-Beaumont area und the lill Creek area
are to be included in a sepdarate report being prepared by
Mr. Dutcher.

In addition to the above reports, a private mimeo-
graphed report by Finkle (1923), outlining the findings of
a ground-water investigation of the i#ill Creek basin area,
was made available to tne Ceological Survey by the city of
Redlands. That private report estimated the average annual
yield of i{ill Creek basin to be about 4,500 gpm (gallons

per minute) or about- 7,300 acre-feet per year.
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WELL-NUMBERINCG SYSTEM

In the Mill Creek ared two local well-numbering system:
were formerly in use. One was a location nuwber based on a
projection of pardllels and meridians spaced at intervals
of 6 minutes of latitude and longitude. The other system
is based on the use of a serial number for each well. Of
_>the two systems the one using the serial number has been
adopied more widely by the public water agencies for filing
and tabulating well data. _

The well-numbering system used by the Geologicél Surve:
in this area conforms to that used in nearly all ground-
water investigations made by the Ceological Survey in Calif
ornia since 1940. Tt has been adopted as official by the
Caiifornia Department of W.ter Resources and by the Calif-
ornia %ater Pollution Control Board for use throughout the
State.

The wells are assigned numbers dccording to their
locations in the rectangular system for the subdivision of

public land. For example, in the number 1S/2-30Bl the part
| of the numbér preceding.the bar indicates the township
(T. i 5.), measured from the San Bernardino base line;
the part between the bar and the hyphen is the range
(R. 2 ¥W.), measured from the San Bernardino meridian;
the nuwmber between the hyphen and the letter is the section
(sec. 30); and the letter indicates the 40-acre subdivision

of the section as shown in the accompanying diagram.
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Within each 40-acre tract the wells are numbered
serially as indicated by the final digit, Thus, well
15/2-30B1 is the first well to be listed in the NWANEY
sec. 30. Becdause of possible confusion with well numbers
assigned by the CGeological Survey during the San Ber-
nardino area investigation (Dutcher and CGarrett, 1958),
which extended across the San Bernardino base line, the
well numbers all bear the symbol S. The entire area
is west of the San Bernardino meridian and therefore
the range number is sufficient and the symbol W has
been omitted.

| For wells ﬁpt field located by the Survey and for
purposes of plotting wells from unverified location
descriptions, the 40-acre tract leiter has been replaced
by a dagh. Thué, well 15/2-19-3 is the third well plotted
in sec. 19 from un unverified location description.

Iﬁis numbering system has been used also as a
convenient means of locating a feature described in the
text. Thus, an area or feature within the NELSW% sec.
21, T. 1 S., R, 2 V., may be identified as being in

15/2-21L,
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In part of the Mill Creelk area the township, range,
and section grid has been eétablished by Federal surveys;
in the remainder of the area it was necessary to project
the grid in order to assign numbers to wells. Yhere the
section net has been established by Federal surveys, the
sections are shown on plates 2 and 5 as solid lines; where

the section grid is projected, they are shown as dashed

lines.
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.CECLOCY

LANDIFORMS

The physiogruphié history of the eastern part of
the upper Santa Ana Valley is extremely complex and
is closely related to the structural history. The
present landforms, however, are chiefly the result
of structural activity, probably beginning in middle-
Pleistocene time, but they have been modified some-
what by deposition and erosion in late Pleistocene

and Recent time,



San Bernardino Mountains

The San Bernardino Mountains rise steeply at the east
margin of the Mill Creek area along the San Andreas fault
zone. The crest of the relatively straight southwest-
facing mountain front, which is the dissected scarp of
the San Andreas fault zone, rises about 5,500 feet above
the valley edge at the mouth of the Santa Ana River Canyon,
East of the area the crestline of the mountains is inter-
rupted by several isolated peaks, one of which is San
Gorgonio Mountain, the highest in southern California--
11,485 feet. Rain and melting snow in the mountains supply
runoff to the Santa Ana River, iill Creek, and other
streams which, when reaching the alluvial fans and plains
at the base of the mountains, contribute most of the
ground-water recharge to the area. The geologic structure,
rock types, topography, vegetation, soil and mantle rock,
and surface and ground-water supplies of the various
streams draining the San Bernardino Mountains are discussed

in considerable detail by Troxell (195¢4).
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Crafton «nd Reservoir Canyon Hills

The Crafton Hills, wnich are ecast of Redlands,
ére separated from the San Pernardino Mouptgins by
the structural trough formed by the S3an Aﬁ&reas and
Oak Clen fault zones. These hills rise abruptly
about 1,100 feet above the valley floor on the north
and south and are composed of crystalline rocks.

The Crafton Hills constitute a barrier to ground-
water movement and effectively prevent ground-water'
underflow from Yucaipa Valley, which lies to the
east, to Mill Creek basin, except at the northeast
end through the narrow trough between the Crafton

Hills and the San Bernardino liountains.
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There is another area of cryctalline rock south of
Reclands and west ¢f the Craftonm Hills., This 1s termed
Reservoir Canyvon Hill in this repcrt, end it is rearly
buried by the alluvial zaterials wvhich extend from the
Crafton Hills westward about to fan Timcteo Creek Canyon.
This hill was named for Reservoii Canyon, which bisects
it, and was so named because of the large reservoirs main-
tained near its mouth by the cilty of Redlands and the
Bear Valley lMutual Water Co. Reservoir Canyon Hill also
obstructs the moverent of ground water from Yucaipa Valley,
which lies to the east of the area shown on plate 2, to
the ground-water basins of 3an Bernardino Valley. San
Bernardino Valley as defined in this report is restricted
to that portion of the upper Santa Ana Valley lying between
the San Jacinto and the San Andreas faults and extending
from the San Cabriel lMountains on the north to the Craftom
Hills and Badlands on the south, There is no ground-water
underflow through Reservoir Canyon; therefore, all ground-
water underflow must pass through the alluvium-filled gap
between the Crafton Hills and Reservoir Canyon Hill or must
pass around the western flank of that hill to San Timoteo

Canyon, and thence northwestward to San Bernardino Valley.
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The Crafton Hills and Reservoir Canyon Hill are
bounded on the northwest by the Crafton fault and on
the south and southeast by other faults (pl. 2).

A minor bedrock hill lies north of Mill Creek
and north of the Crafton Hills. This small hill is
known locally as Brown Butte. Together with several
small mounds which‘trend northwest along the north
side of Mill Creek, it is discussed in greater detail
in the section on the buried bedrock surface in the

Mill Creek area.
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Lowlands

The lowlands constitute the valley areas underlain
by the river-channel deposits, younger alluvium, and the
older plain and bench deposits (pl. 2). The principal
features include the channels, fans, and flood plains of
Mill Creek and the Santa Aga River, Other features include
the terraces and benches of these streams, which were forme
largely during late Pleistocene time. |

Mill Creek rises in the San Bernardino Mountains,
enters the east end of San Bernardiqo Valley at the trace
of the San Andreas fault at ah altitude of about 2,720
feet, flows about 5 miles westward across a steep fan,
and joiﬁs the Santa Ana River at an altitude of about
1,680 feet. The average cﬁénnel gradient in'this reach is
about 200 feet per mile; near the apex of the Mill Creek
fan the gradient is as much as 265 feet per mile.

The Santa Ana River, one of éhe largest streams in
the South Coastal Basiﬁ of southern California, also rises
in the San Bernardino Mountains and enters the valley at
the trace of the San Andreas fault, but at an altitude of
about 1,570 feet, It leaves the area at its west edge
at an altitude of about 1,190 feet and discharges into the

Pacific Ccean, about 70 miles southwest of this area

(pl. 1).
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East of the Crafton Hills, Yucaipa Creek rises on
the south flankiof gheﬁSan Bgrnar@ino Mountains, flows
southwestward from the Triple Falls Creek area, crosses
Western Heights basin, éﬁd;joins San Timoteo Creek south
of the area, San Timqteq Cgeek floﬁs northwestward
and joins the Santa Ana River ébout 5 miles wesf of the
area.

The channel of Mill Creek.ranges in width from 300
to 1,300 feet and is 5 to 40 féetlbelow the adjacent
alluvial plain. At times of flqod Mill Creek has
overtopped its channel banks and inundated most of the
allﬁvial p}ain south of Mill Cree!: and the Santa éAna
River. For example, during the flood qf March 193¢ the
water extended as far south as the cif&ﬂof Redland§ and
caused extensive damage to agriéultural lands and to
dwel}ings within the city. . | ’-

Terraces, benches, and fans occur Eetwgen the
alluvial plains and the bordering hills and mountains
and often are referred to aé "mesas' or "highlands."
These are stream-formed features. Along Mill Creek
the surfaces of these benchés are 20 to 60 feet above
the adjoining alluvial plains and channels. In Redlands
and to the east an old fan surface slopes northward and
merges with the alluvial plain. 4long the north edges
of secs, 26 and 27, T. 1 S., R. 3 W,, the suriace of an
elongate, east-trending ridge rises above the surrounding

plain to a height of 30 feet at the east end but only a
few feet at the west end.
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DESCRIPTICHS AND WATER~BEARING PRCPERTIES

OF THE ROCIS AND DEPOSITS

| The stratigraphic units of the Mill Creek area can
be divided into two groups according to their lithologic
and water-bearing properties, as follows: (1) the con-
solidated, practically nonwater-bearing rocks of pre-
Tertiary age and (2) the unconsolidated deposits of

late Tertiary and Guaternary age, which include both
permeable and impermeable types.

The consolidated rocks include the basement complex
of pre-Tertiary age, which includes the igneous and meta-
morphic rocks that form the mountain masses and underlie
the area at depth, and the Potato sandstone of Vaughan (192
of Miocene(?) and Pliocene age, which crops out in the
San Bernardino iHMountains along Mill Creek Canyon south of
the Mission Creek fault,

From oldest to youngest the unconsolidated deposits
include the San Timoteo beds of Frick (1921) of Pliocene
and early Pleistocene age; the older alluvium of middle (?)
and late Pleistocene age; the older plain and bench deposit
of late Pleistocene age; the younger alluvium of Recent
age underlying the Santa Ana River, Mill Creek, the Mill
Creek fan, and smaller streams and fans; and the river-
channel deposits of Recent age in and beneath the principal

stream channels.
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Mapping and study of the unconsolidated deposits
were carried on in considerable detail, whereas the
consolidated rocks were mapped only to the extent of
defining the structural features that extend into the
unconsolidated deposits., The areal extent of the rocks
and deposits is shown on plaﬁe 2; their subsurface
extent In the Mill Creek area is shown on plate 4;

and structural contours on bedrock underlying the

Plate 4.- Map and geologic sections showing
extent, thickness, and charucter of the deposits
water-level profiles- and contours for March 1955 in

the ¥Mill Creek area, Calif.

unconsolidated deposits in the l4ill Creek area are
shown on plate 3. Table 2 shows the sequence, probable
age, general lithologic character, and water-bearing
properties of the stratigraphic units in the Mill

Creek area,
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Consolidated Rocks

‘Busement Complex (pre-Tertiary)

The oldest rocks in the area are schist, gneiss, and
}nstrusive igneous rocks which are shown as the basement
complex on plate 2, The rocks forming the basement complex
in the San Bernardino Mountaing are granite, dioritic
gneiss, and metamorphosed sedimentary rocks; those in the
Crafton Hills, Brown Butte, and Reservoir Canyon Hill are
mica schist, siliceous dioritic gneiss, and quartz monzonit.
The age of these rocks may range from Precambrian in the
Crafton Hills to early Late Cretaceous in the San Bernardin
Mountains (Eckis, 1934, pl. C). Their age has been
designated simply as pre-Tertiary in this report.

Because the igneous and metamorphic rocks do mot have
numerous void spaces to contain ground water, as do the
unconsolidated deposits, they are considered to be virtuall
nonwater-bearing; except locally where they are penetrated
by wells which intersect fractures at depth, they do not

yield economic quantities of water (pl. 2).



Potato Sandstone of Vaughan (1922) (iliocene? and Pliocene)

The Mill Creek Canyon area south of the Mission
Creek fault is underlain by the Potato sandstone of
Vaughan (1222, p. 374),(3eé pl. 2.) Vhere observed
the formation was everywhere in fault contact with the
granitic rocks of the basement complex. The minimum
exposed thickness was estimated to be 1,500 feet by
Vaughan (1922), and the deposits tentatively were
‘éonsidered to be of Miocene age. On the basis of u
moderately abundant fossil flora discovered by the
authors near the crest of the ridge (1s/1-17D) south
of IMill Creek Caﬁyon, the uppermost pdrt of the forma-
tion tentatively was assigned to ﬁhe "middle part
of the early Pliocene" by Dr. Daniel Akelrod (Univer-
sity of California at Los Angeles, personal communi-
cdation, February 24, 1956). The relation of the rock
types and discussion of the uge determination of the
formation will be given In greater detail in the
réport being prepared on the Redlands-Beaumont area.

The Potato sandstone of Vaughan (1922) was not
muapped in detail during the present investigation, but
several brief reconnuissance traverses across the
exposures were made., The formation is composed of
indurated sandstone, shale, conglomerace, talus brecclu,
and limestone beds, which probably contain water only
in fractures. Z4lthough the formation is not penetrated
by wells, it 1s believed that production of economic

quantities of water from the formation would not be
possible.
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Unconsolidated Deposits

Because the unconsolidated deposits are extremely
variable in character and are not everywhere well exposed,
the thickness, stratigraphy, and lithology were deter-
mined chiefly from well logs. The cross sections show
graphically the logs of several wells tapping the uncon-
solidated deposits and show the stratigraphic position

of the several deposits beneath Mill Creek.
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San Timoteo Beds of Frick:(1921)

(Pliocene and early Pleistocene)

£1luvial deposits designated by Frick (1921)
as of Pliocene and edrly Pleistocene age crop out
in the southwestern part of the Mill Creek area and
are believed to underlie younger alluvial deposits
beneath a4 large part of San Bernardino Valley south
and vest of llentone basin. ' In ‘logs of wells the -
contact between the San Timoteo beds of Frick (1921)
and the older alluvial deposits could not be determined.

Only the upper part of the San Timoteo beds of
Frick (1921) crops out in the area (Eckis, 1934).
South of Redlands the beds are gently to moderately
folded and generally dip 10° to 25° NE, more steeply
than does the land surfuce. The maximum thickness
of the beds is unknown; locally they probably exceed
2,000 feet.

In the area south of Redlands and east of the
San Jacinto fault the San Timoteo beds of Frick
(1921) include only the uppermost part of the alluvial
deposits of Pliocene and early Pleistocene age (pls.

1 and 2).
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The exposed deposits consist of an ulternating
sequence of thick and thin lenticular beds of coarse
sand, gravel, and cobbles contained in 4 matrix of yellow
to pink very poorly sorted clay, silt, and fine sand.
The sand and coarser particles were derived from granitic
and metamorphic rocks, similar in composition to those
supplying the materials composing the older and the younger
alluvium and the channel deposits., The subrounded sand
grains and cobbles, the fresh, gray, unweathered appear-
ance of many sand and gravel beds, the abundant fresh
mica, the presence of gypsum in fractures and as cementing
material in outcrops, and especially the poor sorting
suggest that the beds are a fanglomerate. The depositional
envi%onmeht probably was arid, and the beds are not typical
of the locélly derived stream-deposited alluvium found
elsewhere in the area.

Deeply wedthered brown to red residual soil is
exposed at irregular horizons within the unit, but the
typical weathered and reddish appearance of the materials
composing the older alluvium generally is lacking. The
uppermost soil zone within the San Timoteo beds of Frick
(1921) in the Smiley Heights area in places contains many
calcareous nodular masses, and nearly spherical concretions
of similar size and shape. The concretionary soil zone
locally is a valuable aid in distinguishing between the

?lger)alluvial deposits and the San Timoteo beds of Frick
1921).
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The San Timoteo beds of Frick . (1921) go not
constitute 4 major source of water supply in this ‘
area. However, wells south of the Redlands and Crafton
faults derive some of their supply from the Sap
Timoteo beds. Deep wells elsewhere in the area,
particularly in the western part may penetrate these
deposits at depth and derive a part of their supply
from them.

The specific capacities of the wells in San
Timoteo-Beaumont Basin, which derive practically
all their supply from the upper part of the Can |
Timoteo beds of Frick (1921), range from 20 to 25
gpm per foot of drawdown, These wells yield up to
500 gpm and have drawdowns ranging from 20 to 25
feet, Because the water-bearing sand and gravel
lenses in the San Timoteo beds are discontinuous
and because the deposit is mildly deformed, closely
spaced wells of comparable depth may penetrate dif-
ferent thicknesses of permeable material and may
have a wide range in yield. With regard to well
construction the uncemented loose sand and silt,
which compose a large part of the beds, make it
necessary to exercise great care in selecting the
proper size of perforations and in developing the

well to avoid '"sanding’ and related difficulties.



Clder Plain and Bench Deposits and Older Alluvium
(Middle and Late Pleistocene)

In the upper Santa Ana Valley the older plain and
bench deposits are closely associated with the older allu-
vium., These two units can be distinguished by careful
geologic mapping, but they cannot be identified in logs
of wells, and their water-bearing properties appear to be
similar. Accordingly, the two units are distinguished on
the geologic map (pl. 2) but the contact is shown dia-

grammatically in the cross sections (pl. &), and the two
are discussed together in this section of the report,

Thick accumulations of older alluvium nearly every-
where underlie the deposits of Recent ége and crop out to
form well-weathered, reddish-brown alluvial benches, hills,
terraces, and plains which generally are topographically
above the flood plains and other areas whose alluvium
is now being deposited. Eckis (1928, p. 228, 235-2306)
named deposits of this age the San Dimas formation in the
area near the town of San Dimas north of Pomona (west of
this area). In later work, however, because of well-
established local usage, the term "older alluvium" was
substituted for the San Dimas formation of Eckis (1928)
and its equivalents throughout the region, and such usage

has been maintained by most workers in the area.
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In this area the older alluvium of Eckis (1934)
is that part of the early alluvium of Mendenhall
(1905) which accumulated after the deposition of the
"badlands clays''--the San Timoteo beds of Frick
(1921). Structural activity during late Pleistocene
time disrupted the drainage systems and locally
elevated the oldest part of the older alluvium,

These deposits locally were eroded while alluviationi
continued elsewvhere in the area.

The elevated, slightly folded basal part of this
sequence now makes up Morton Ridge and the ridge ex-
tending westward from the Crafton Hills to Smiley
Heights (pl. 2). For the purposes of this report,
the older unit of the two alluvial deposits is called
the older alluvium. The younger unit, which is about
50 to 100 feet thick and which underlies the extensive
benches, terraces, and dissected fans around the
Crafton Hills and westward beneath Redlands and the
Greenspot and Triple Falls Creek areas, is called
the older plain and bench deposits. Combined, these
two units constitute the older alluvium of Eckis
(1934). A

The older alluvium of this report was depositéd
during and after the Pleistocene time of major struct-
ural activity in southern California and therefore
is cut by many faults and other features which act
as barriers to ground-water movement. The younger

deposits of Recent age are not appreciably affected
by the faults.
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- Character, extent, and thickness of the older

-alluvium. --The older alluvium is well exposed along Sand
Canyon Road in the Sand Canyon area, in the canyons south
of Redlands Heights and Smiley Heights, and along iMorton
Ridge in the CGreenspot area. It is composed of strongly
weathered residual clay, silt, sand, gravel, and some
boulders. Thick horizons of dark-reddish-brown gritty
clay, marking buried soil zones, are separated by beds

of poorly to moderately sorted sand and gravel. An
outstanding characteristic of most of the older alluvium
is the degree of weathering of the majority of the rock
particles (clasts) and the coating of most of the gravel
clasts with an iron oxide stain. The clasts that compose
most of this deposit are gneissic hornblende-biotite
diorite, biotite schist, and some granite. These rock
types produce an alluvium which weathers readily in
response to alternate wetting and drying in the zone
above and within the range of water-table fluctuation.
Oxidation of the iron-rich minerals and weathering of the
feldspars weaken the clasts, most of which crumble readily

under a hammer blow.
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Along Morton Ridge, between Mill Creek and the
Santa Ana River, the older alluvium underlies the older
plain and bench deposits., The materials making up
Morton Ridge and the narrow outcrop along the San
Andreas fault zone east of Mill Creek (pl. 2) probably
are not a true alluvial deposit, in that they appear
to represent an accumulation of debris related to the
uplifc of the San Bernardino Mountains as they rose
along the San Andreas fault zone. The upper part of
the detrital material, composed of angular blocks
and boulders in an earthy to clayey matrix, has little
or no stratification. In the basal part of the
exposures the material 1s more typical of the bedded
older alluvium found elsewhere in the area. The
clasts are of the same composition as the rock types
forming the mountains immediately north and east of
the exposures.

Wells drilled through the older alluvium penetrate
alternate beds of gravel, boulders, sand, and clay
which are progressively better sorted and more
distinctly bedded at increasing distances from the
mountain front. Except in the deeper parts of the
buried valleys, where the San Timoteo beds of Irick
(1921) may be present, the several hundred feet of
alternating beds of reddish clay, sand, and gravel
reported in logs of wells throughout the area probably

represents the older alluvium and (or) older plain
and bench deposits,
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‘The contact between the older alluvium and the older
plain and bench deposits usually cannot be distinguished
in logs of wells. Turthermore, the contact betweenlfhe
older alluvium and the San Timoteo beds of Frick (1921)
usually cannot be determined from well logs., In surface
exposures the older alluvium rests with local unconformity

on the San Timoteo beds.
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Extent, churacter, and thickness of the older

plain and bench deposits.--The older plain and bench

. deposits are widely exposed in the area near Redlands,
in 11i11 Creek basin, and in the Triple Falls Creek
and Creenspot areas. Throughout the area the unit

1s deeply weathered to a reddish brown, and the exposed
surface characteristically is a well-developed, deep-
reddish-brown residual soil, UWhere exposed in road
cuts and banks of stream chuannels, the soil is under-
lain by alternating thick beds of residual soil
separated by thin beds of weathered sand and gravel.

In many exposures the transition from a sand and gravel
bed upward into the residual soil above can be seen,

as well as faint outlines of the residual clasts in

the soll zonmes.

In general, the older plain and bench deposits
probably represent the final stages in the long period
of alluviation in late Pleistocene time. The unit
ranges in thickness from a few feet where it laps
onto older rocks and alluvial deposits to possibly
100 feet or more in the locally depressed areas where
it represents simply an upward extension of the older
alluvium. Along the north banlis of Mill Creek and
locally elsewhere the older plain and bench deposits

rest unconformably on the older alluvium.
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Det?itus derived from th¢ Potato sandstone of Vaughan
(1922).makes up a large part of the older plain and bench
deposits in the Triple Falls Creek area; elsewhere the
materials were derived from the basement complex, which
also was the source of the older alluvium, and from

reworked older alluvium and San Timoteo beds of Frick

(1921).
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Water-bearing properties.--Except in Mill Creek

basin where the younger alluvium is the principal
water~bearing unit, the older alluvium supplies
most of the water to wells in the area. Throughout
most of the area the older plain and bench deposits
are above the zone of water-~-level fluctuations.

The deepest wells in Western Heights basin and in
the western part of Reservoir and Redlands basins
obtain most of their supply from the older alluvium,
although some water may be obtained from the under-
lying San Timoteo beds of Frick (1921).

Major changes in the depositional environment of
these alluvial deposits resulted from structural
activity which continued to elevate the surrounding
mountain areas throughout the depositional period
and caused the deposition of an alluvial sequence
which varies greatly stratigraphically, geographically,
and, hence, hjdrologically. Changes in lithology
and corresponding changes in the hydrologic properties
of the deposits are related directly to the down-

stream distance from the mountain froat. ILckis
(1634, pl. C) recognized that the specific yield of
the deposits gradually increases £rom the mountains

towvard the San Jacinto fault (pl. 1).
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Data from aquifer tests and on specific capacitiles
of wells indicate that the permeabllity of the older
alluvial' deposits is about 50 gpd per square foot in
" Mill Creel basin and locally is about 300'gpd per square
foot in Mentone basin (table 12).

'In Western Heights and Reservoir basins the specific
capacities of wells range up to 20 to 30 gpm per foot
of dféwdbwn, and 'yields from wells range about from 400

to 600 gpm.
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Younger Alluvium (Recent)

In the Mill Creek area the younger alluvium is
mostly undissected, and in most places its subsurface
character cannot be observed. Because of this, the
thicknesé, lithology, and water-bearing properties
of the deposit were determined from well logs and

aquifer tests. Along the south bank of the Santa Ana
| River and locally along Mill Creek, where the stream
~ channels are entrenched, . a study of the outcrops aided
in determining ﬁﬁe lithology of the upper part of
the younger alluvium.

Areal extent and thickness.--The areal extent of

the younger alluvium is shown on plate 2. It includes
deposits underlying the flood plains of the Santa Ana
River, Mill Creek, and San Timoteo Creek, and the
alluvial fans. The extent and thickness of the younger
alluvium locally was controlled during deposition by
the existence of old stream channels which were down-
cut into older deposits and (or) bedrock, probably

at the end of Pleistocene time. These old channels,
now backfilled with younger alluvium of Recent age,
are not everywhere visible, and their existence and
extent have been determined approximately by examina-

tion of well logs and data from aquifer tests.
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In logs of wells the base of the younger alluvium
beneath Mill Creek can be established fairly accurately
where the alluvium overlies bedrock; it is recognizable
also throughout most of the area where the alluvium over-
lies older plain and bench deposits and older alluvium of
Pleistocene age. (See geologic sections shown on pl. 4.)
Theudepﬁh to the base ranges from about 60 to 140 feet
below the land surface., By comparing logs in areas where
the position of the base of the younger alluvium is known
with logs of nearby wells where the base is not known
and by projecting upstream the slope.of the contact, the
base can be determined fairly accurately., The thickness
of the younger ‘alluvium is about 70 to 80 feet downstream
from the Crafton fault and ranges from 70 to about 140
feet between the Crafton and San Andreas faults (pl. 4,
sec, A-A'),

Lithology and stratigraphy,.,--The younger alluvium

includes all the materilals, except the most recent channel
deposits, laid down during the present cycle of alluviation
by streams. It 1is composed principally of unweathered
crystalline-rock debris derived from the surrounding high-
lands and contains minor amounts of detritus from consoli-
dated sedimentary rocks, So far as can be determined the
deposits are unfaulted and are composed principally of
boulders, gravel, sand, and silt. Even where the younger
alluvium is weathered, the decomposition and red or yellow
iron staining so characteristic of ;he older alluvium

are not present,
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Water-bearing properties,.~--The younger alluvium

‘supﬁlies water to public-supply and irrigation wells,

" and to one water tunnel during years when the deposits
:‘ﬁenetrated by the tunnel are saturated, According

.go a private report by Finkle (1923, p. 6), the younger
éliuvium when nearly saturated supplied water to wells
at rates up to 810 gpm (gallons per minute), During
1955 the youngér alluvium yielded water to wells

at rates uP‘fﬁ 500 gpm, The water tunnel extends
from the fllter plant of the city of Redlands about

to well 1S/2-22C1--a distance of about 1,500 feet.
Wells 1S/2-22C1 and 22C2 were drilled at the tunnel,
which reportedly is about 45 feet below the land sur-
face af well 22C1, The reported yield of the tunnel
was about 2,000 gpm when the younger alluvium at

well 22C1 was saturated to within 30 feet of land
surface., During 1944 the tunnel produced 3,200 acre-
feet of water (téble 13), but in 1955 it was in

very poor condition and was éntirely above the zome

of saturation, ‘

In order to determine the coefficients of trans-
missibility,'permeability, and storage of the younger
alluvium in Mill‘Creek basin, aquifer tests were made
at three wells in the basin (table 11)., The data -
obtained from the tests indicate a range in trans-
missibility from 92,000 to 120,000 galions per day
per foot, The estuimated permeabl*lty of the younger

" alluvium in Miil Cweek basin is about 1,400 gallons
per day per sgquare foot (table 11).
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The aquifer tests also were analyzed to derive the
coefficient of storage of the younger alluvium in Mill
Craek basin, A coefficiant of stecrage of 0,05 was inter-
preted, which indicates that the specific yield of the
deposits is approximet=1ly 5 percent,

" Both the permzability and the spacific yileld of the
younger allﬁvium are believed to increase in the down-
stream direction in a manner similar to those of the older
alluviﬁm. A short distance downstream from the San
Jacinto fault, about 6,5 miles west of Redlands, the
permeability of the younger alluvium was interpreted
(Dutcher and Garrett, 1958) from pumping tests to be
about 2,700 gpd per square foot, Thus, the indicated
permeability of the younger alluvium in Mill Creek basin
is about half as great as the indicated permeability of
the YOuﬁger alluvium beneath the flood plain of the

Santa Ana River a distance of 12 to 13 miles downstream.
Probably the increase in permeability with increased
distance from the mountains is releated to the better
soiling of the materials downstream, However, a syste-
matic determination of the rate of increase in permea- .
bility downslope is not practical because the younger
alluvium is completely above the zone of saturation in
much of the area between the canyon mouths and the central

part of the valley (pl. 4).
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The yields of wells that tap the youﬁger allu-
vium in Mill Creek basin decrease during the summer
and in prolonged dry periods and increase during the
winter and in wet periods, These changes in yield
have been and are critical to the supply for the city
of Redlands and other water users, Accordingly, the
following discussions briefly outline the reasons
for the range in well yield. B . ‘

Well data indicate that existing wells yield
about 4 to 5 gpm per foot of drawdown for each 10
feet of saturated younger alluvium penetrated by the
well, Thus, for a typical well that penetrates 70
feet of saturated younger alluvium the specific cap-
acity will be about 30 to 35 gpm per foot of drawdown
and the well will yield about 300 to 350 gpm with a
10-foot drawdown for a short time before tﬁe.dr§w~
down increases substantially, If an attémpt is made
“to increase the yield, the specific capacity 1s lowered
because the drawdown is increased and the thickness
of saturated material through which the water moves
toward the well is reduced. Moreover, the &ield of
the well decreases as the water level declines during
the pumping season, even if no attempt is made to
increase the initdil pumping rate. And, decline in
yield is caused also by the effect of the increased
pumping 1lift on pump capacity. Both observations and
theoretical considerations indicate that, if the non-
pumping water levels decline 20 feet during the pumping
season or during a drought, causing a reduction in
the saturated thickness of younger alluvium from 70
to 50 feet, the yield of the well will decrease from
about 300 or 350 gpm to about 200 or 250 gpm, if a

constant 10-foot drawdouwn is maintained.
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River-Channel Deposits (Recent)

The rive#fchénnel deposits underlie thg active and
inactive channelé of all streams and dry washes in the
area. They underlie a large part of the entrenched
cﬁannel‘of the Santa Ana River along the northern margin
o£ the area. Thelr extent locally is poorly defined,
egpecially where Mill Creek crosses the extensive alluvial
fan upstream from its juncture with the Santa Ana River
and in the area just downstream from the Santa Ana River
canyon where extensive water-spreading operations are
practiced, Here the two étream courses are only temporary
and change from time to time, usually during each major
flood, The surface extent 6f the river-channel deposits
is shovn on plate 2,

The river-chamnel deposits consist of boulders,
gravel, sand, and silt., These deposits extend downward
to aﬁd rest with'local unconformity on the younger allu-
vium, The maximﬁﬁ thickness is not known but locally
may be on the order of a few tens of feet, Because the
deposiﬁé a?é indistinguishable from the younger alluvium
in weiié, the base of the deposits is shown diagram-
matically on the sections (pl. 4).

In general thése deposits consist of debris derived
from the surrounding mountains and generally are very coars
containing many bou;dérs up to 3 feet in diameter near the
mountains, but consisting mainly of gravel and sand at

lower altitudes, :
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For the most part the deposits are above the zone
of ground-water saturation and do not yield water to
wells, Locally in Mill Creek canyon, in parts of
Mill Creek basin, and in the central part of Bunker
Hill Basin northwest of Redlands the deposits period-
ically are saturated to the land surface and yield
water to wells at rates equal to those from equiva-
lent thickness of the younger alluvium. Except in
times of extreme flood when the younger alluvium is
inundated, all seepage loss from the streams to ground
water occurs through the river-channel deposits,

Martin (1951la, p., 157) determined that, when the water
in the Santa Ana River was ciear and the channel deposits
were free from silt, the rate of water loss through
these deposits to the underlying ground-water body

was as much as 20 inches per hour, or 40 acre-feet

per day per wetted acre, These determinations involved
small test plots which were kept covered by clear water
to a depth of 4 inches for a period of 72 hours,

~ Similar short~-term tests conducted elsewhere in':the’

~ San Bernardino Valley indicated that infiltratiom'. -
rates ranged from about 6 to 23 inches per houir(Martin,
1951b) . These tests demonstrate the high permeability
of the deposits and their ability to transmit large
quantities of recharge to the underlying ground-water

reservoirs, even during short periods of runoff,
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CEOLOGIC STRUCTURE

Regional Structqral Features

In this report the area between the San Jacinto and
San Andreas faults is termed the San Bernardino block,

It is characterized by several major structural features
and numerous secondary faults which trend more or less
“parallel to the two major faults, In a broad aspect the
southern part of the block, including the San Jacinto
Mountains (pl. 1), is uplifted, ‘but the northern part of
the block, principally the San Bernmardino Valley, is de-
pressed, The Mill Créek area is in the -depressed northern
part of the block.

Numerous faults cross the area, and in the past
movements along them have resulted in relatively depressed
and uplifted areas that received differential sedimentation.
Moreover, structural movements locally have produced
barriers to the movement of ground water, These featu<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>