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GILA RIVER PHREATOPHYTE PROJECT

GEOLOGY AND GROUND-WATER SYSTEM IN THE
GILA RIVER PHREATOPHYTE PROJECT AREA,
GRAHAM COUNTY, ARIZONA

By WiLLiam G. WErsT, Jr.

ABSTRACT

The Gila River Phreatophyte Project is along a 15-mile reach
of the Gila River at the head of San Carlos Reservoir in the
San Carlos Indian Reservation. The area is underlain by two
major water-bearing units—the basin-fill deposits and the allu-
vial deposits. The basin-fill deposits are divided into a silt and
sand facies and a limestone facies; the alluvial deposits are
divided into terrace alluvium and flood-plain alluvium. The silt
and sand facies of the basin fill consists principally of very fine
sand and silt; the limestone facies contains fresh-water lime-
stone, tuff, marl, silt, and sand. The terrace and flood-plain
alluvium consist of poorly sorted lenticular deposits of clay, silt,
sand, and gravel; in general, the flood-plain alluvium is coarser
than the terrace alluvium.

Because the basin-fill deposits are flne grained, they yield
only a few gallons of water per minute to wells. An aquifer
test made at one of the wells that tap the basin flll indicates
a coefficient of transmissivity of about 50 square feet per day
and a storage coefficient of 0.00043. Water enters the basin fill
near the edge of the project area and moves toward the center
of the area and downstream. Some water is discharged hori-
zontally and vertically into the overlying alluvial deposits in
the central part of the area.

Wells drilled into the alluvial deposits yield as much as 600
gallons per minute of water. Results of an aquifer test indicate
an average coefficient of transmissivity of 10,700 square feet
per day and an average storage coefficient of 0.12. The alluvial
deposits are recharged by flow from the basin-flll deposits, by
underflow from upstream, and by percolation from streamflow.
Water levels in wells near the Gila River respond rapidly to
increases in streamflow.

INTRODUCTION

The Gila River Phreatophyte Project is along a 15-
mile reach of the Gila River at the head of the San
Carlos Reservoir in the San Carlos Indian Reservation,
Graham County, Ariz. (fig. 1). This area along the Gila
River covers about 60 square miles of flood plain and
terraces.

The flood plains of many of the rivers in the South-
western United States are choked with dense growths
of phreatophytes, mainly saltcedar (7'amariz pentandra
Pall.). In 1962 an investigation was begun along a 15-
mile reach of the Gila River to determine how mu~h
water was being lost through consumptive use by phrea-
tophytes and how much water could be saved by reple«-
ing the phreatophytes with a more beneficial vegetation,
such as Bermuda grass. The results of the study are
being published in a series of U.S. Geological Survey
professional papers; this report is the fourth in the
series and describes the geology and the ground-water
system in the Gila River Phreatophyte Project area.

METHODS OF INVESTIGATION

The geology was mapped by E. S. Davidson on a
semidetailed basis in 1964-65 and was modified by
photogrammetric methods by the author in the fall and
winter of 1966-67. No attempt was made to place execet
ages on the geologic units.

The collection of ground-water data was begun in
November 1962, when the first in a network of 72 obser-
vation wells was drilled in the alluvial deposits. The
wells were equipped with digital recorders set to reccrd
the altitude of the water table at 30-minute intervals;
in 1966, the recorders were reset to record the altitude
of the water table at hourly intervals. During March
and April 1966, about 35 additional observation wells
were installed. Most of the additional wells consist of
a 1- or 2-inch pipe in which the water level is measured
monthly ; however, four of the wells are 4 inches in di-
ameter and are equipped with digital recorders.

In March 1965 a network of observation wells was
established using the existing stock and domestic wells
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ability of the terrace alluvium to store and transmit
water.

Water in the terrace alluvium occurs under uncon-
fined conditions. Some of the wells drilled in 1966, how-
ever, penetrated alternating dry tight clay and silt beds
and sandy gravel beds. The clay and silt beds are as
much as 10 feet thick, and the gravel beds are 1-3
feet thick. The sequence of alternating beds is as much
as 47 feet thick. Because the beds of very fine grained
material seem to be dry, it is assumed that the water
in the coarser grained beds is under artesian or semi-
artesian pressure. It should be emphasized that the water
in the terrace alluvium is generally unconfined and that
the occurrence of water under artesian pressure is a
local phenomenon.

The chemical composition of the water from the ter-
race alluvium and from the flood-plain alluvium is simi-
lar. The water is very hard and contains from about
1,000 mg/1 to more than 15,000 mg/1 of total dissolved
solids. The wells closest to the river generally yield
water with the lowest total dissolved-solids content. The
principal ions are sodium and chloride, which are pres-
ent in about equal amounts.

FLOOD-PLAIN ALLUVIUM

The flood-plain alluvium is quite similar to the ter-
race alluvium except that it is less well compacted
and cemented and may be somewhat coarser. The flood-
plain alluvium may be as much as 50 feet thick, although
the greatest thickness penetrated during drilling was 48
feet. The contact between the flood-plain alluvium and
the terrace alluvium was placed at the depth where the
drill bit went from very coarse material (as large as
cobbles and boulders) into appreciably finer material;
the change in grain size was evidenced by a decrease
in the rate of drilling and by the amount of bit “chatter.”
Although additional gravel was present below the con-
tact, the change in drill performance at this depth was
pronounced enough to leave little doubt of a change in
formation. Size analyses of the samples and gamma-
ray logs made on some of the wells substantiated the
placement of the contact.

The flood-plain alluvium consists of 10-20 feet of pre-
dominantly fine material (silt and sand), which overlies
coarser deposits (gravel and cobbles). Size analyses were
made of 55 samples collected from the flood-plain allu-
vium. The amount of gravel in the samples ranged from
0 to 95 percent and averaged 37 percent. The mean
size ranged from 5.456¢ (silt) to —+4.190¢ (pebbles) ;
however, the mean size of the material in the upper
10-20 feet ranged from 5.456¢ (silt) to —0.608¢ (very
coarse sand), and that of the lower part of the deposits

428-754 0 - 72 - 2
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ranged from 0.974¢ (coarsesand) to —4.190¢ (pebbles).
The standard deviation of the diameters is 0.701¢—
3.681¢, a range which indicates that the material is
slightly better sorted than the terrace alluvium. No
difference in sorting was apparent between the upper
10-20 feet and the lower part of the flood-plain alluvium.
Distribution curves show that 22 of the samples l'ad
a single peak in the fine range, 12 had a single peak
in the coarse range, and 10 had two peaks with the
dominant peak in the coarse range. The remainder of
the curves were fairly flat. The peaks generally occurred
in the same phi groups as those for the terrace alluvium.

The data from the analyses of the terrace and flood-
plain alluvium have been combined in a map showing
the percentage of gravel in the alluvial deposits below
the water table (pl. 2). More wells are needed for a
better definition of the pattern, but in general, the
coarsest material is in the central part of the trough.
In the lower part of the area flooding and dense vege-
tation prevented drilling of wells near the river.

Water in the flood-plain alluvium is unconfined. Pe-
cause the materials become coarser with depth, the }y-
draulic conductivity of the flood-plain alluvium in-
creases with depth. The water table is at or near the
bottom of the fine sediments, and most of the ground
water is in the coarser sand and gravel beds.

The Bureau of Indian Affairs drilled eight 16-irch
wells on the right bank of the Gila River near cross
sections 1 and 3. The wells penetrated from 23 to 40
feet of saturated sand and gravel; well yields rang=d
from 60 to 600 gpm “with air.” The drawdown in these
wells is not known.

An aquifer test was made by using a well drilled spe-
cifically for this test near the east (upstream) margin
of the project area near well 0105 (pl. 1). The well was
8 inches in diameter and penetrated 39 feet of saturated
sand, gravel, and silt. A wire-wrapped screen, 6 incles
in diameter and 30 feet long, was set in the well; the
bottom of the screen was about 2 feet above the base of
the alluvium. Sixteen observation wells were installed
radially from the pumped well (fig. 7). Eight of the
wells were 4 inches in diameter and were equipped with
digital water-level recorders, and eight of the wells
were 2 inches in diameter. Water levels in the lat‘er
observation wells were measured by using a chalked
steel tape. The water level in the pumped well was
measured by using an air line and a mercury manometer.

The well was pumped at 152 gpm from 1400 hours on
April 2, 1964, until it was accidentally shut off during
the repair of a leaky fuel line at 0141 on April 6—a
period of 5,021 minutes. The data from the test were
analyzed by using the modified nonequilibrium formula
(Ferris and others, 1962, p. 98-100), and the results sve
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given in table 2. The modified nonequilibrium formula
may be written as

35.30 (log10 :—1)
—_—— L

82—8

T

where

T=transmissivity, in square feet per day;

Q=discharge of a well, in gallons per minute;

t; and t;=selected times, in days, since pumping
started or stopped; and

8, and s;=respective drowdowns or recoveries at
the selected times, in feet.

TaBLE 2.—Results of aquifer test

Radius from Transmis-  Apparent Time at
Well pumped sivity (sq. storage which
well (it.) it. per day) coefficient 1>0.02
(minutes)
0
6
7
41
100
200
399
34 . ¢
K 11, 400 07 560
100 12, 500 08 1,123
31 10, 300 23 386
37 10, 900 10 217
74 10, 900 14 1,238
99 10, 100 11 1,944
30 9, 760 31 521
60 9, 410 19 1, 296
90 11, 200 04 477
126 11, 200 07 1,728
Average__ ________.__ - 10, 700 12
Maximum 12, 500 31 .
Minimum 9, 250 £ .

To use the modified nonequilibrium formula, the

025128

value u=—"o"must be equal to or less than 0.02 (J. G.

Tt

Ferris, oral commun., 1963), where » is distance, in feet,
from the discharging well to a point of observation and
S is storage coefficient expressed as a decimal fraction.
The aquifer test was not of sufficient duration to satisfy
this condition at the two farthest wells, -3 and E—4.
The transmissivity and storage values for these wells
are included in table 2, but were not used to calculate
the average. The data for wells C-1 (the pumped well),
C-2, and C-3 plotted poorly; although the coefficients
of transmissivity for these wells are included in the
table, they were not used in determining the average.

The average coefficient of transmissivity of 10,700
sq ft per day is reasonable (table 2) and can be used
with confidence in this part of the project area. The
average saturated thickness of the aquifer at the test
site is 39 feet; therefore, the average hydraulic con-
ductivity is 10,700/89 or about 275 feet per day. This

GILA RIVER PHREATOPHYTE PROJECT

value is reasonable when compared with the yields of
the Bureau of Indian Affairs® wells and the values of
conductivity expected for sand and gravel (Wenzel,
1942, p. 13).

The test site is in a part of the alluvial trough that
contains 25-50 percent gravel below the weter table
(pl. 2), a range which is average for the project area.
Because the flood-plain and terrace alluvium have simi-
lar water-bearing characteristics, 275 feet per day can
be used as the average value for the hydraulic conduc-
tivity of the alluvial aquifer. Where the gravel content
is more than 50 percent, however, the hydreulic con-
ductivity will be greater.

The average value of 0.12 is low for the storage co-
cfficient, and the range is great enough to indicate that
the true value was not approached for many of the
wells. The storage coefficient is very sensitive to local
changes in-lithology and to the length of time that the
well is pumped. An aquifer test of a well in the alluvial
deposits along the Arkansas River in eastern Colorado
gave an average storage coefficient of 0.17 after 4 days
of pumping and an extrapolated value of 0.25 for 20
days of pumping (Weist, 1965, p. 25). Similar condi-
tions probably exist along the Gila River, and the true
storage coefficient may be about 0.20. Preliminary soil-
moisture studies indicate a value of about 0.25 in the
project area (R. M. Myrick, oral commun., 1£56).

An attempt was made to estimate the storage coefli-
cient by using cyclic water-level fluctuations (Ferris,
1952), but the results were inconclusive because there are
no true cyclic fluctuations in the flow of the Gila River.
One value obtained was 0.29, and the other was 0.04.
The divergence of the fluctuations from a true cycle
probably accounts for the poor results. The constant
head, nonsteady state, no recharge method (Ferris and
others, 1962, p. 126-131) was also applied, but poor re-
sults were obtained.

A directional variation in transmissivity appears to
take place at the aquifer-test site. The average value for
wells E-1, E-2, 0105, W-1, W-2, W-3, and W-1 is
10,300 sq. ft. per day. The average value for wells N-1.
N-2, N-3, S-1, S-2, and S-3 is 11,100 sq. ft. per day,
an increase of 800 sq. ft. per day or 8 percent. The dif-
ference in transmissivity, or more specifically in hy-
draulic conductivity, is probably due to the mode of
deposition of the gravel. When deposited by a stream,
gravel is imbricated—that is, the pebbles are inclined
so that they overlap, and the upstream pebbles rest on
the downstream pebbles. This overlapping reduces the
hydraulic conductivity in the direction of streamflow,
which is east to west in the project area, and allows
easier flow perpendicular to the direction of tl e stream-
flow.
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Figure 7 shows the cone of depression in the aquifier-
test area after pumping for 5,000 minutes. The cone is
steeper near the pumped well on the west side, but
farther from the pumped well the cone becomes ellipti-
cal. (See well W—{ in Fig. 7.) Before pumping was
started the water table had a regional west-northwest
gradient of about 11.5 feet per mile, and this gradient
influenced the outer part of the cone, as indicated by
the elliptical shape.

THE GROUND-WATER SYSTEM

Water in the basin-fill deposits occurs under artesian
conditions, although there are small areas having non-
artesian or unconfined conditions (mainly where re-
charge occurs). In general, water in the alluvial deposits
is unconfined, but in places lenses of fine-grained ma-
terial cause semiconfined or confined conditions, Some
interchange of water occurs between the basin fill and
the alluvinm.

OCCURRENCE OF WATER IN THE BASIN-FILL DEPOSITS

Ground-water recharge to the basin-fill deposits oc-
curs mainly along the contact of the basin fill and the
older rocks along the slopes of the surrounding moun-
tains. Recharge originates from precipitation falling
directly on the deposits and from runoff and snowmelt.
The main areas of recharge are the coarse permeable
sediments that were deposited by ancient tributaries
that entered the area. Davidson (1961, fig. 204.1)
showed coarse deposits on the south and north sides of
the project area, and recharge to the basin fill probably
occurs in these areas,

MOVEMENT

Contours of the potentiometric surface in the basin-
fill deposits were prepared by using water-level meas-
urements made in 20 wells in August 1966 (fig. 8).
Ground-water movement in the basin fill is downslope
toward the Gila River and slightly downstream to the
west. The potentiometric surface is subparallel to the
land surface and is steeper south of the river and more
gentle north of the river. In the basin fill beneath the
alluvial deposits, water in wells generally is under suf-
ficient artesian pressure to rise above the level of the
adjacent water table in the alluvial deposits. A well
drilled on the right bank between cross sections 19 and
21 penetrated 103 feet of the basin fill, and in 1966
water in the well was flowing at a rate of about 0.5
gpm. The water level in a nearby observation well that
taps the alluvial deposits is about 12 feet below the land
surface.

In the project area most of the water moving through
the basin fill is discharged into the alluvial deposits

GILA RIVER PHREATOPHYTE PROJECT

along the Gila River. The few springs in the area gen-
erally go dry or their flow diminishes greatly in the
summer. A few scattered stock and domestic wells are
the only other means of discharge from the besin fill.

Ground water moves from the basin fill into the al-
luvial deposits were the water-bearing beds in the basin
fill have been cut by channels of alluvial deposits. Be-
cause water in the basin fill is under sufficient artesian
pressure to rise several feet above the water table, move-
ment is from the basin fill into the alluvium rather than
vice versa.

Some water may move vertically through the basin
fill into the overlying alluvial deposits, as shown by tem-
perature-gradient measurements made by R. W. Stall-
man in March 1965 in two wells drilled on the south
bank at Dewey Flat (well 1141) and at cross section 17
(well 1756). An analysis of these data, using a method
developed by Bredehoeft and Papadopulos (1£55), indi-
cate a vertical flow of 0.78 foot per year at Dewey Flat
and 1.08 feet per year at cross section 17. The results are
based on the following assumed conditions: (1) The
heat conductivity of the profiles is uniform, (2) the
velocity and heat-flow vectors are vertical, and (3) the
heat and fluid flow are in a steady state. Ncne of the
conditions were met exactly in the field. Stallwan (writ-
ten comunun., 1965) stated that variations in heat con-
ductivity with depth can be expected, but th= magni-
tude of the variations and their effect on the computa-
tions are not known. He further stated that the flow
will be variable depending on location with respect to
the river. Stallman recommended that a line of deeper
wells (about 200 ft. deep) be drilled across the area to
obtain a more complete picture of the vertical-velocity
profile, but it was not possible to carry out this recom-
mendation. The closeness of the results indicates that
the method is feasible and that the results prchably are
in the correct order of magnitude—that is, about 0.9
acre-foot per acre per year of water is moving from the
basin fill into the overlying alluvial deposits. The proj-
ect area covers about 6.000 acres; therefore, al*~ut 5,400
acre-feet of water per year moves into the alluvial de-
posits from the basin fill.

WATER-LEVEL FLUCTUATIONS

Monthly water-level measurements have been made
for about 2 years in several wells drilled into the basin
fill in and near the project area. The period of record
is not sufficient to determine a trend in water-level fluc-
tuations. Hydrographs for five of the wells show high
peaks in 1966 (fig. 9). The peaks probably reflect the
large amount of runoff from the extremely wet winter
of 1965-66. The peak occurred earlier in well 0523 be-
cause the well is on the south side of the river, which is
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closer to the recharge area and where the potentiometric
surface is steeper (fig. 8) ; the other four wells are north
of the river, where the areas of recharge are more re-
mote. That wells 0731, 0730, and 0524 are in or adja-
cent to tributaries of the Gila River may explain why
their changes in water levels were greater than those
in the other two wells.

OCCURRENCE OF WATER IN THE ALLUVIAL DEPOSITS

The main source of water in the alluvial deposits is
recharge from the basin fill, about 5400 acre-feet. per
year. Another source of water in the alluvium is under-
flow into the project area from the alluvial deposits
upstream along the Gila River. The amount of under-
flow can be estimated by using Darey's equation,

R=KIA,
in which

@=underflow,
K=hydraulic conductivity,
I=gradient, and

A=area.

By using an average saturated thickness of 35 feet, an
average gradient of 8 feet per mile, and a hydraulic con-
ductivity of 275 feet per day. the amount of underf'ow
into the project area along the Gila River through a
water-bearing channel about 5,000 feet wide is esti-
mated to be 73,000 cubic feet per day, or 610 acre-feet
per year. Some ground water may enter the area as
underflow along the tributaries to the Gila River; how-
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ever, the amount is small and probably occurs only dur-
ing wet periods. In April 1966, test holes were drilled
along several tributaries, and no water was found in
the alluvium.

Recharge to the water table also occurs through pere-
olation of runoff in the Gila River, except during
periods of very low flow. The greatest daily recorded
loss of streamflow occurred on September 25, 1964, when
1,400 acre-feet of water was lost between cross sections 1
and 9; annual streamflow losses in this reach for water
years 1963, 1964, and 1965 were 12,000, 7,300, and 4,100
acre-feet, respectively. In the reach between cross sec-
tions 9 and 17, streamflow losses for water years 1964
and 1965 were 2,700 and 6,000 acre-feet, respectively.
Streamflow losses fluctuate greatly from day to day in
response to fluctuations in streamflow. Much of the
streamflow loss is to bank storage, from which most of
it is returned to the stream as the flow recedes; however,
some of the bank storage percolates to the water table.

Near the Gila River, the water table is close to the
land surface, and some ground-water recharge may
occur directly from precipitation; away from the river
there is an intermediate soil-moisture zone. Measure-
ments with a neutron soil-moisture meter have not
shown any downward movement of water in this zone
below a depth of about 1 foot in the summer or 4 feet
in winter. Most of the precipitation replenishes soil-
moisture deficiencies in the root zone or is used almost
at once by the plants.

MOVEMENT

Generally, water in the alluvial deposits moves down-
stream along the Gila River. During periods of high
flow in the river there usually is some movement of
ground water away from the river as recharge occurs,
and during periods of low flow there is some movement
toward the river. On December 13, 1966, water from
the river was seeping into the alluvial deposits in most
of the area, except for a short reach near Calva, where
the ground-water flow was toward the river (pl. 8). In
the reach upstream from Calva, where the water table
was in equilibrium with the river, ground-water move-
ment was parallel to the river. The gradient of the water
table decreased from about 9 feet per mile in the upper
part of the area to about 2.5 feet per mile in the lower
part of the area where backwater from the San Carlos
Reservoir affected the water table.

Ground water is discharged from the alluvial deposits
chiefly by underflow downstream along the Gila River
and by evapotranspiration. In 1964 the underflow past
cross section 23 was about 23,000 cubic feet per day, or
200 acre-feet per year. At the present time (December
1966), San Carlos Reservoir extends upstream past
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cross section 21, and some ground water is discharged
into the reservoir; however, the amount is not kncwn.

Large amounts of water are lost through transgira-
tion by the dense growth of phreatophytes—princip~lly
saltcedar—along the flood plain of the Gila River. Pre-
liminary studies indicate that the total annual evapo-
transpiration in the project area is more than 10,000
acre-feet, most of which comes from the ground-wter
reservoir.

Small amounts of ground water are discharged into
the Gila River during periods of low flow. Records from
gaging stations at cross sections 1, 9, and 17 indicate
that flow in the river may increase a few tens of acre-
feet between gages during periods of low flow. Gains in
streamflow of more than 200 acre-feet have been re-
corded ; however, the larger gains followed periods of
large streamflow losses and probably represent a release
of water from bank storage.

WATER-LEVEL FLUCTUATIONS

Water-level fluctuations have been recorded in 72
observation wells since November 1962, and the water
levels in most of the wells fluctuate seasonally. The water
table is highest between mid-February and the end of
April, after the winter rains, and slowly declines to its
greatest depth between mid-July and mid-September.
Water-level fluctuations in most of the wells range from
1.5 to 2 feet annually; however, ranges from about 1
foot to more than 5 feet have been recorded, depending
on the distance of the well from the river and the den-ity
of the vegetation. Water levels in many wells exhibit
a secondary peak about the first of October.

Many wells in the dense growth of phreatophytes
near the river exhibit diurnal fluctuations ranging f-om
a few hundredths to two tenths of a foot, especially dur-
ing the periods of high evapotranspiration. Most wells
near the river respond rapidly to changes in streamflow.
Wells 0104, 0105, and 0106 (pl. 1) obtain their water
from the flood-plain alluvium; the wells are on the right
bank of the river at cross section 1 and are equipped
with digital recorders. Well 0104 is 58 feet from the
channel, well 0105 is 873 feet from the channel, and well
0106 is 2,000 feet from the channel. Figure 10 illustrates

the response of the water levels in the wells to flovr in

the river.

SUMMARY

The Gila River Phreatophyte Project area is under-
lain by two water-bearing units—the basin-fill deposits
and the alluvial deposits. The basin fill, divided into a
silt and sand facies and a limestone facies, consists
mainly of very fine sand and silt that is partly ce-
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FI1cURE 10.—Response of water levels to flow in the Gila River.

mented. At the northwest and west edges of the area,
the basin fill consists of limestone, tuff, marl, sand, and
silt. The basin fill contains water generally under arte-
sian pressure, but because it is fine grained, it yields
only a few gallons per minute of water to wells. An
aquifier test in the basin fill indicates a coefficient. of
transmissivity of 50 sq ft per day and a storage coefi-
cient of 0.00043. Water enters the basin fill along the
edge of the area and flows toward the center and down-

GILA RIVER PHREATOPHYTE PROJECT

stream. About 5,400 acre-feet of water per year flows
from the basin fill into the overlying alluvial deposits.

The alluvial deposits, divided into terrace alluvium,
which underlies the entire alluvial trough, and flood-
plain alluvium, which underlies the flood plain of the
Gila River, consist of poorly sorted lenticular deposits
of sand, gravel, and some silt. The flood-plain alluvium
is generally coarser grained than the terrace alluvium °
and may be better sorted. The two units form a single
aquifer. Wells in the alluvial deposits yield as much as
600 gpm of water. An aquifer test made near the up-
stream end of the project area indicates a coeficient of
transmissivity of 10,700 sq ft per day and a storage co-
efficient of 0.12 for the alluvium. The alluvial deposits
receive 5,400 acre-feet of water per year from the basin
fill and about 610 acre-feet per vear of underflow from
the alluvium upstream along the Gila River. The al-
luvial deposits also receive recharge from streamflow in
the river and from precipitation.

STRATIGRAPHIC SECTIONS

1.—Lat 33°18’27"" N.; long 110°24'00"’ W
[Measured by E. S. Davidson]

Quaternary:
Holocene:
Soil: Feet
6. Sand, light-brown, mainly fine; 10-25 percent
cobbles as much as 0.4 ft in diameter_ _______ 0.9
Total soil__ . ____ .9
Pleistocene:
Terrace gravel:
5. Gravel, light-brown; similar to underlying unit,
but firmly cemented by caliche; nearly con-
tinuous ¥-Y:-in. layer of caleium carbonate
forms top of unit; ledge former______________ 3.0
4, Gravel, light-brown, weakly indurated; p~b-
bles, cobbles, and boulders as much as 1 ft
in diameter (average size 2 in. in longest di-
mension), well rounded, flattened, and im-
bricated (dip to southeast); composed of
purple-gray andesite, gray latite or andes‘tic
tuff, grayish-red rhyolite, brown rhyolite, red
granite, black basalt, greenish-gray epi-
dotized and chloritized andesite, sparse gray
quartzite, white quartzite, and light-brownish-
red quartzite; gravel matrix light-brown fine
to very coarse arkosie sand________________ 10. 6
Total terrace gravel . ___________________ 13. 6
Unconformity.
Basin fill:
Limestone facies:
3. Limestone, white to light-gray; similar to
unit 1; lens of light-brown silt 7.8-7.9 ft
above base_ ___________________________ 11. 2
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1.—Lat 33°13'27" N.; long 110°24'00" W.—Continued

Quaternary—Continued
Pleistocene—Continued
Basin fill—Continued
Limestone facies—Continued

2. Sandstone,

1. Limestone,

Base of exposure at Gila River.

pale-brown; 144-%-in. laminae
form 4-ft-thick beds; composed of fine
quartz grains and 20-50 percent fine to
medium carbonate grains; carbonate grains
are white and protrude on weathered sur-
faces; unit grades downward into under-
lying unit, but has sharp contact with
overlying unit; forms slope or recess in cliff
formed by overlving and underlying units__
white to light-gray, medium-
crystalline; bedded in irregular %-1i-in.
laminae, which are fused into layers 1 in.—5
ft thick (average bed is about 1 ft thick);
laminae are crinkly (gently undulatory to
ripple laminated) ; unit contains as much as
10 percent !%-in.-thick lenses and laminae of
light-brown siltstone to very fine grained
sandstone; limestone is moderately indu-
rated, very vuggy, and very porous; cavities
are lined with calcite crvstals; vugs are
13-% in. in average diameter and moderately
well connected along bedding planes; local
18-in. veins of white calcite eross and parallel
bedding planes; local 1-2-in. lavers of
limestone contain 10-15 percent fine sand__

Total basin fill__ . ____________________

2.—Lat 33°13'18"" N.; long 110°19'50"" W.

Quaternary:
Pleistocene:

{Measured by E, S, Davidson]

Terrace gravel:
20. Sand, brownish-gray, medium; contains well-

rounded pebbles,

cobbles, and boulders as

much as 1.4 ft in diameter and composed of

andesite,

rhyolite, altered andesite, gray

quartzite, red granite, pink quartzite, and
various light-colored welded tuffs_________._

Total terrace gravel . __.________________

Feet

4.0

41. 5

Feet

Unconformity.
Basin fill:
Limestone facies:
19. Limestone, very light brownish white; 1-2-

ft-thick horizontal beds; has a few hard
layers and spiny weathered surface; soft;
ledgy slope former_____________________

18. Limestone, grayish-white (weathers brown-

ish yellow) ; dense, hard, thinly laminated;
contorted bedding; abundant vugs along
bedding planes; very porous, spiny weath-
ered surface; cliff former

23.

17

2.—Lat 33°13'18" N.; long 110°19'50" W.—Continued

Quaternary—Continued
Pleistocene—Continued
Basin fill—Continued
Limestone facies—Continued
17. Limestone, light-yellowish-white, vuggy and

16.

14.

13.

11.

10.

Sandstone,

moderately fractured, massive splitting;
bedded in poorly defined 1-2-ft layers;
contains a few hard limestone nodules and
abundant plant casts; may be tuffaceous;
permeable; cliff former_________________
light-yellowish-white, arkosic,
very calcareous, thin-bedded to laminated,
lenticular; cliff former_ ________________

. Silt and sandstone, light-brown very calcar-

eous; sandstone very fine grained; unit is
horizontally laminated to lenticularly ripple
laminated; numerous lenticular layers of
white to yellow soft limestone and nodules
of dense limestone; few lenses of fine-
grained sandstone near top forms slope___

Sandstone, very light brown, arkosic, very

fine grained; small-scale crossbeds to
ripple laminations; grades into overlying
unit; ledge former______._______________

Silt to sandstone, light-brown, soft; sand-

stone very fine grained; unit contains
thinly horizontally laminated to lami-
nated lenticular beds; forms smooth slope_

. Sandstone, light-brown, arkosie, very fine to

fine-grained, calcareous; 6-in.—1-ft-thick
lenticular beds; ripple laminated; few 1-ft
layers of limy silt and }%-1-ft layers of
light-brown clayey silt; local limestone
nodules; grades into overlying unit; ledgy
slope former_____ . ____________________

Silt, very light brown; some limestone nod-

ules in lower 1 ft; few 2-3-ft lenses of fine-
grained sandstone in upper 1 ft; soft; slope
former_ _ _ __ _ .

Tuff, white; may be diatomaceous; soft;

contains 6-12-in.-diameter irregular-shaped
nodules of hard dense grayish-white lime-
stone that contain 1-5 percent l&-l4-in.
vugs lined with calcite crystals; unit and

overlying unit form ledge in cliff exposure;
unit is slope and ledge former___________

. Silt and tuff, light-yellowish-white; unit is

soft calcareous silty tuff to tuffaceous silt;
few calcareous nodules; thin to very thin
lenticular beds; ledge former_________.___

. Silt and sand, light-brown, calcareous; very

fine sand; unit contains few lenticular 6-in.
beds of fine- to medium-grained sandstone;
contains moderate amounts of limestone
and calcareous sandstone nodules in upper
1 ft; grades into overlying unit; slope
former. _ - e

Sand, very light brown, arkosic, fine, hori-

zontally laminated to very thin bedded;
few grains as large as very coarse; local
L-in. thick calcareous beds containing
plant roots and stem casts; soft; slope

Feet

13.1

10. 3

18. 4

4.6
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2.—Lat 33°13'18” N.; long 110°19’50" W.—Continued

Quaternary—Continued
Pleistocene—Continued
Basin fill—Continued

Limestone facies—Continued Feet
6. Sandstone, very light brown, arkosie; very
small scale crossbeds; 4a-in. laminae

3-4 ft long;ledge former_______ ________ .3
5. Silt, light-brown, thinly laminated; slope

former______ ____ ____ ______________ 1.4

4. Sandstone, very light brown, very fine
grained, well-sorted, thinly laminated to
ripple-laminated; ledgy slope former______

3. Sandstone, brownish-gray, arkosie, fine-
grained to very coarse grained, poorly
sorted; grains colored clear, white, black,
green, red, and brown; black grains are
mica, clear and white grains are quartz,
other eolors are various rock fragments:
ledge former_________.____ e .5

2. Limestone, light-brownish-vellow, moder-
ately vuggy; trace of mica flakes; soft;
ledge former____ ___ ___ ____ . 1.8

1. Silt and siltstone, light-brown; !4-}4-in.-
thick beds; ripple-laminated to lenticular
horizontal thin beds; poorly exposed;
abundant mica; slope formers___________ 2.0

o
—

Total basin fill.____________________.

3.—Lat 38°12'24"" N.; long 110°13'24"" W.
[Measured by E. 8, Davidson]
Quaternary:
Pleistocene:
Terrace gravel: Feet
11. Gravel, light-brown to very light brown;
boulders as much as 2 ft in diameter com-
posed of andesite, welded tuff, and greenish
altered andesite; upper 5 ft firmly cemented
by caliche and stands in vertical ledge;
matrix very poorly sorted mixture of clay,
silt, and very fine to very coarse sand___. __
10. Sand, brown, very fine, ripple-laminated to
horizontally laminated; 5-10 percent pebbles
and cobbles of andesite, rhyolite, quartazite,
and so forth; damp__..__________________

Total terrace gravel . _________________

Unconformity.
Basin fill:
Silt and sand facies:

9. Clay, brown, wet, horizontally laminated;
some layers contain 10-20 percent silty
and very fine sand; green clay 0.2-0.8 ft
above base; white salts effloresce on surface
of green clay and have gritty texture and
notaste.______________________________

8. Silt and sand, light-greenish-gray; sand very
fine, arkosic; very fine grained sandstone
forms resistant ledge 0.5-0.9 ft above base. 1.3

7. Claystone, brown; 1-5 percent green spots
%-in. in diameter; fractured and damp____ .3

4.6

GILA RIVER PHREATOPHYTE PROJECT

3.—Lat 33°12'24" N.; long 110°13'24"” W.—Continued

Quaternary—Continued
Pleistocene—Continued
Basin fill—Continued
Silt and sand facies—Continued Feet
6. Silt and sand, brown- and light-brovm-
banded; sand very fine, arkosic; wet; layer
of siltstone 0.3-0.5 ft below top of unit____ .9
5. Clay, brown, horizontally laminated, wet.___ .4
4. Sand, brownish-gray- and brown-band~d,
arkosic fine to very fine; light reddish
brown on weathered outecrop; ripple lami-
nated to horizontally laminated; similar to
unit 2; content of mica and other dark
minerals in laminae is cause of banded
color; some beds weather to rounded
forms; piping commonly developed along
vertical fractures; unit contains 10-15
percent discrete lenses of gray to light-
brown sandstone 0.1-0.5 ft thick; sandstone
is very fine grained and calcareous; unit

very porous but not verv permeable;
forms rounded slope_ - _________________ 69. 0
3. Sandstone, light-gray, arkosic, calcareous;

very fine sand to silt; ripple laminations to
very small scale cross laminations (trough
type) ; slaty cleavage; forms resistant ledze. .5
. Sand, very light brown and brown-band=d,
arkosic, very fine to fine, well-sorted, sub-
angular, horizontally laminated to ripple-
laminated, friable and loosely compacted;
forms slope; at 4.1-4.6 ft above base Is
light-brown arkosic sandstone, very fine
grained, well sorted, friable, ripple lami-
nated, ledge forming_ __________________
1. Covered interval; float similar to unit 2_____

W

Total basin fill___ _____ . ________________

4.—Lat 33°09'20"" N.; long 110°07"46"" W.
[Measured by E. 8. Davldson]
Quaternary :
Pleistocene:

Terrace gravel: Feet

9. Gravel, dark-gray; boulders are well rounded,

as much as 2 ft in diameter, and composec of

andesite, basalt, rhyolite, red granite, and

gray quartzite; matrix is medium to coarse

sand; upper 10 ft heavily cemented with

caliche and stands in vertical cliff (thickness
estimated) - oo - - 25. 0

Total estimated terrace gravel. . _________ 25. 0

Unconformity.
Basin fill:
Silt and sand facies:

8. Sand to sandstone, light-brown and dark-
brown, very fine grained, interlaminated,
cross-laminated; few ledges of very fine
grained to fine-grained sandstone; fcrm

ledgy slope_ e
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4.—Lat 83°09’20'" N.; long 110°07' 46"’ W.—Continued

Quaternary—Continued
Pleistocene—Continued
Basin fill—Continued
Silt and facies—Continued

7. Clay, brown, and light-brown silt, laminated;
few discrete ledge-forming lenses of very
fine to fine-grained cross-laminated arkosic
sandstone_ _ __ ______________________.__._

6. Clay, reddish-brown, horizontally laminated;
white salts effloresce on exposed surfaces_ _ -

5. Sandstone, light-brown, very fine grained,
well-sorted; horizontal laminations to very
small scale eross-laminations ; ledge of light-
brown to brownish-gray sandstone at 5.0-
5.3 ft above base that is very fine grained to
medium grained (average is fine grained),
moderately sorted, and horizontally lam-
inated to ripple laminated - _ . ____________

4. Clay to silty clay, reddish-brown, ecross-
laminated; white salts effloresce on fractures
and exposed surfaces; few discrete 1-2-in.
lenses of gray very fine grained sandstone
to siltstone; slope former__ ______________

3. Clay, horizontally and cross laminated; dark-
reddish-brown eclay and light-brown silt-

(]

. Clay, dark-reddish-brown, horizontally lami-
nated; few discrete 4-in.-thick lenses of
gray to light-brown very fine grained
caleareous sandstone____________________

1. Silty sand, light-brown, arkosie, very fine,

well-sorted, ripple-laminated to cross-lam-

inated, soft; forms layers 2-4 ft thick; at

1-1.2 ft below top are }3-1-in. stringers of

brown clay; %-in. layer of very light brown

clay at top of unit; unit weathers to slope__

Total basin fill

5—Lat 33°11'29" N.; long 110°16'33” W.
[Measured by E. 8. Davidson]
Quaternary:
Pleistocene:
Terrace gravel:

6. Gravel, dark-gray; boulders as large as 2.5 ft in
diameter set in very coarse sand matrix;
boulders composed of andesite, rhyolite,
welded tuff, quartzite, red granite, and basalt
are well rounded

Feet

9.7

1.1

8.0

3.2

1.3

3.2

6. 6

Feet

Total terrace gravel . ___________________

Unconformity.
Basin fill:
Silt and sand facies:

5. Clay, brown, and light-brown silty very fine
sand; unit horizontally laminated and
separated by 0.1-0.2-foot-thick clay beds
into 0.5-0.8-foot-thick units; smooth slope
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5.—Lat 33°11’29" N.; long 110°16'33" W.—Continued

Quaternary—Continued
Pleistocene—Continued
Basin fill—Continued
Silt and sand facies—Continued

4. Sand, light-brown, arkosie, very fine, cross-

laminated; dark minerals show bedding;

unit contains a few 4-6-in. layers and lenses

of fine-grained calecareous sandstone; ledgy

slope former._ .. _ .. ____________.___

3. Clay, brown, silty and sandy, damp; 5 percent

very fine to medium quartz grains; salt

crusts on fractures; slope former_________

2. Silt and sand, light-brown, very fine, hori-

zontally laminated to cross-laminated; few

1-in. layers of well-sorted medium sand

(very soft ‘“‘running” sand); slope formers_

1. Covered unit; not exposed or desceribed_ . . __

Feet

26. 5

1.4

Total basin ill__________ . _______

DRILL-CORE DESCRIPTIONS

1.—Lat 33°12’10"" N.; long 110°18'67"" W.

[By E. 8. Davidson}
Quaternary:
Pleistocene and Holocene:
Alluvium:

1. Open hole; nosamples_______._ . ...

2. Sand, light-brown, clayey, fine to
medium, poorly sorted; maximum
grain size very coarse; cored interval
49-54 ft; 5in. of core______._.___-__ 5

3. Sandstone, very light brown, arkosic,
very fine grained, poorly sorted;
grains as large as medium; crossbeds
about 10° to core; cored interval
54-59 ft; 2in. of core____ . __.______- 2

4. Sandstone, light-grayish-white, arkosie,
firmly cemented, coarse-grained; grain
size ranges from fine to granule; trace
pebbles as large as % in.; few stringers
of light-brown clay; cored interval
54-59 ft; 8 in. of core . _______.______ 3

5. Similar to unit 4; some layers of firmly
cemented fine sand; cored interval 59-

64 ft; 7% in. of core_ . _ .-

Thick-
ness

(tt)
49

Depty
(ft)

49

54

Total alluvium._ - - . - .-

Unconformity.
Pleistocene:
Basin fill:
Silt and sand facies:

6. Sand, brown, clayey, very fine grained
well-sorted; some grains as large
as medium; local stringers of light-
brown claystone; horizontally lam-
inated, but Ilaminations poorly
displayed; cored interval 59-64 ft;

4in. of COT@ - o oo e 2 64
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1.—Lat 33°12'10" N.; long 110°18'5?7" W.—Continued

GILA RIVER PHREATOPHYTE PROJECT

Quaternary—Continued
Pleistocene and Holocene—Continued
Basin fill—Continued
Silt and sand facies—Continued

7.

10.

11.

13.

14.

15.

16.

17.

18.

Sandstone, light-brown, arkosie, very
fine grained to silty; some grains as
large as fine; 1 percent brown clay
streaks %-'%4 in. thick; horizon-
tally laminated; cored interval
64-69 ft; 6 in. of core.___________

Sandstone, dark-whitish-gray, arko-
sie, fine-grained (size ranges from
very fine to medium grained),
cross-laminated to very thinly
crossbedded; dark-mineral concen-
trations show bedding planes at
5°-10° to core; cored interval
69-74 ft; 3in. of core____________

Siltstone, brown; few stringers of
very fine grained sandstone; cored
interval 69-74 ft; 2 in. of core____

Sandstone, light-whitish-brown, ar-
kosie, very fine to fine-grained
(size ranges from silt to medium
grained), fair-sorted; ecross lami-
nated 10°-15° to core; cored
interval 74-79 ft; 2 in. of core__ __

Siltstone, brown; some very fine
grained sandstone especially in
upper 1 ft; cored interval 79-84
ft; 8in. of core_ ________________

. Sandstone, light-gray, arkosie, very

fine to fine-grained, well-sorted,
cross-laminated to very thinly
cross-laminated; cored interval
79-84 ft; 24 in. of core__ . _______
Claystone, brown, silty, moderately
indurated; cored interval 84-86
ft; 18 in. of core_ __ _____________
Sandstone, light-brownish-white; few
light-brown siltstone layers; hori-
zontally laminated to cross lami-
nated; well indurated; cored inter-
val 86-88 ft; 21 in. of core
Siltstone, light-brown to brown
clayey; horizontally laminated
1°-5° to core; cored interval 88-89
ft; 1% in. of core. _______________
Sandstone, brownish-gray, arkosic,
very fine to fine-grained, moder-
ately indurated, ecross-laminated;
cored interval 89-90 ft; 2 in. of

Siltstone, brown, very eclayey, hori-
zontally laminated; cored interval
90-91 ft; 3 in. of core.-__.________

Sandstone, whitish-gray, arkosie, fine-
grained (size ranges from very fine
to fine; few medium grains), very
thinly crossbedded; cored interval
91-94 ft; 4 in. of core

Thick-

ness

(fty

(]

De pth
113

69

70

74

79

83

84

86

88

89

90

91

94

1.—Lat 33°12'10”" N.; long 110°18'5?” W.—Continued
Thick-

Quaternarv—Continued
Pleistocene and Holoecene—Continued
Basin fill—Continued
Silt and sand facies—Continued

19.

20.

21.

[ ]
[

24.

Sandstone, whitish-gray; similar to
unit 18; cored interval 94-96 ft;
lin.ofeore__ . _.______________

Siltstone, brown, very clayeyv; cross
laminated 10°-15° to core; cored
interval 96-99 ft; 1 in. of core____

Siltstone and sandstone, interbedded,
very fine grained; brown siltstone
is clayey and cross laminated 15°-
20° to core; whitish-gray sandstone
is arkosie, well sorted, horizontally
laminated to cro: s laminated; grain
size is very fine to fine; interbeds
are 2-4 in. thick; cored interval
99-104 ft; 7 in. of core____-_____

. Same as unit 16, but siltstone laminae

are %Y in. thick; cored interval
104-109 ft; 7 in. of core__________
Siltstone, light-brown, horizontally
laminated; cored interval 109-114
ft; lin.of core_____ ____________
Clay and sand, brown; clay may be
interbedded or mixed in as clay
stringers and chips and is 50-75
percent of interval; sand is medi-
um (ranges from very fine to very
coarse; trace of 4-in. pebbles);
cored interval 114-119 ft; 14%
in.ofecore______________________

. Clay, dark-reddish-brown, silty; con-

tains few stringers of green clay;
cored interval 119-120 ft; 3 in. of

Sandstone, light-gray, arkosie, very
fine grained; few fine grains; eross
laminated 1°-5° to core; cored
interval 120-121 ft; 3 in. of core.__

Claystone, dark-greenish-gray, silty,
horizontally laminated; cored inter-
val 121-125 feet; 15 in. of core____

ness

(¢4}

Depth
4]

96

99

104

109

114

119

120

Total basin fill.___________.____

Total depthof hole_.________________

2.—Lat 33°11’51"" N.; long 110°15'18" W.

Quaternary:

[By W. G, Weist, Jr.]

Thick-

Pleistocene and Holocene:
Alluvium:
No samples_ - __________- .

Total alluvium______________________

Basin fill:

1. Claystone, tan, silty, moderately

in-
durated; cored interval 53-55 ft;
lin.of core. o o oo oo ._

ness

0
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2.—Lat 33°11'51" N.; long 110°16'13" W.—Continued

Quaternary—Continued
Pleistocene and Holocene—Continued
Basin fill—Continued

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Sandstone,

. Sandstone,

Siltstone, light-tan, clayey, weakly to
moderately indurated; cored inter-
val 53-55 ft; 3 in. of core__________

. Claystone, tan, moderately indurated;

cored interval 53-55 ft; 2 in. of core._
light-brown, very fine
grained; cored interval 55-60 ft; 4
in,of core. . _____________________

. Siltstone, light-brown, sandy, mod-

erately indurated; cored interval
60-65 ft; 1 in. of core_ ____________
light-brown, silty, me-
dium-grained to very fine grained,
poorly sorted, weakly indurated;
cored interval 60-65 ft; !; in. of

. Siltstone, light-brown, sandy, well in-

durated; cored interval 60-65 ft;
lin.ofcore_ _____.______________

. Claystone, light-brown, silty ; contains

thin streaks of reddish clay; hori-
zontally laminated; cored interval
65-70 ft; 1 in. of core_____________

. Sandstone, light-brown, arkosic, very

fine grained, well-sorted, poorly
indurated, very thinly bedded; bed-
ding planes at 5°-10° to core; cored
interval 65-70 ft; 1 in. of core_______
Siltstone, light-brown, slightly sandy,
moderately indurated, horizontally
laminated; cored interval 65-70 ft;
6in.of core_ ____________________
Same as unit 10; cored interval 70-
75ft;2in. of core. ______________
Same as unit 11, but interbedded with
very fine grained sandstone and
brown clay; cored interval 70-75 ft;
3in.of core_____________________
Sandstone, light-brown, silty, arkosic,
very fine grained, horizontally very
thinly bedded, moderately indu-
rated; cored interval 70-75 ft; 21
inofeore_ . _________ . _________.
Clay, light-brown; cored interval 70—
75ft; 1in. of core________________
Siltstone, light-brown, sandy, clayey,
moderately indurated; cored inter-
val 70-75 ft; 4 in. of core__________
Same as unit 12; cored interval 75-80
ft; 4% in. of core________________.
Siltstone, tan, sandy, weakly indu-
rated; contains some medium grains
of sand; cored interval 80-85 ft; 6 in.
ofcore.________________________._
Siltstone, tan, well-indurated, hori-
zontally very thinly bedded; con-
tains fine grains of sand and chips

of clay; cored interval 85-90 ft;
7in.of core_ . _______________

Thick-

ness Depth
(n (¥a}
1 54. 5

5 55

5 60

2 62

1 63

2 65

1 66

1 67

3 70

1 71

1 72

1 73
.5 73.5
L5 75

5 80

5 85

5 90
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2.—Lat 33°11'51" N.; long 110°16'13" W.—Continued

Quaternary—Continued
Pleistocene and Holocene—Continued
Basin fill—Continued

19.

20.

23.

24.

26.

27.

28.

30.

31.

32,

33.

. Sandstone,

grayish-brown,  slightly
soft; contains fine grains

Siltstone,
sandy,

of sand; cored interval 90-95 ft;

7% in. of core_.____.______ I
Siltstone, tan, well-indurated; con-
tains abundant brown clay; con-
choidal fractures; cored interval
90-95 ft; 6 in. of core_____________

. Same as unit 20, but better indu-

rated; cored interval 95-100 ft;
12in. of core_ . _ . ______________

2. Siltstone, tan, slightly sandy, moder-

ately indurated; cored interval 100-
105 ft; 19 in. of core___ ___________
Siltstone, brown, clayey, moderately
indurated; cored interval 100-105 ft;
6in. of core__ . __________________
Sandstone, tan, silty, arkosie, very fine
grained; abundant heavy minerals;
soft; cored interval 100-105 ft; 5 in.
ofeore_ . ___ . _______________.

5. Siltstone, brown, slightly sandy, clayey,

weakly indurated; conchoidal frae-
tures; cored interval 105-110 ft; 434
in.of eore_ __ ___________________.
Siltstone, light-brown, clayey, mod-
erately indurated; cored interval
110-1151%; 3% in. of core________.__
Siltstone, light-brown, clayey, moder-
ately indurated; contains very fine
grained tan sandstone; crossbedding
at 3°-5° to core; cored interval
110-115 ft; 3 in. of core._________-
Siltstone, light-brown, very clayey,
well-indurated; cored interval 115-
120 ft; 2 in. of core__ .. _____._-
light-brown, silty,
grained, poorly indurated;
interval 115-120 ft; 34 in. of core____
Sandstone, gray, medium- to fine-
grained, very hard; siliceous cemen-
tation; cored interval 115-120 ft;
13 in. of core .-
Siltstone, light-brown, slightly clayey,
moderately indurated; cored interval
115120 ft; 3 in. of core______ .-
Siltstone, light-brown, sandy, weakly
indurated; cored interval 115-120
ft; % in. of core_ - __ - -
Siltstone, brown, clayey, weakly in-
durated; cored interval 120-125 ft;
6% in. of core oo

cored

Total basin fill. .-~

Total depth of hole_._ .. .-

Thick-
ness Depth
[423] it
3 93
2 95
b5 100
3 103
1 104
1 105
5 110
3 113
2 115
1.5 116. 5
.5 117
1 118
1.5 119.5
.5 120
5 125
125
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