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HYDRAULIC CONDUCTIVITY, PERCENT SAND AND
GRAVEL, AND TRANSMISSIVITY :

An empirical relation between hydraulic conductivity and
percent of sand and gravel was developed for the middle
unit (fig. 11) (G. W. Freethey, hydrologist, U.S. Geo-
logical Survey, written commun., 1982). Hydraulic
conductivity, which ranged from about 20 to 100 ft/d, was
determined mainly by analysis of data for water-level
recovery tests made on more than 150 wells in the eastern
part of the Salt River Valley (Niccoli and Long, 1981).
Values of transmissivity determined from the recovery tests
were divided by the length of the well casing open to the
aquifer to obtain average values of hydraulic conductivity.
Data were used only from wells in which at least 90 percent
of the perforated casing or well screen was opposite the
middle unit. The mean percentage of sand and gravel for
the middle unit at the location of the well was determined
from the maps of percent sand and gravel (fig. 7). The
results of plotting mean hydraulic conduectivity versus mean
percent sand and gravel indicate that the hydraulic
properties are different for material containing less than 50
percent sand and gravel from those containing more than 50
percent sand and gravel. The relation indicates that about
50 percent sand and gravel is a reasonable "hydrologic
break point" at which to divide the middle unit into a
coarse-grained and fine-grained facies. Hydraulic
conductivity increases rapidly with small increases in the
percent sand and gravel above 50 percent but decreases
slowly with small decreases in percent sand and gravel
below 50 percent.

Transmissivity for the middle unit was estimated by using
the maps showing percent sand and gravel and saturated
thickness of the middle unit (figs. 7 and 8) and the graph
of hydraulic conductivity versus percent sand and gravel
(fig. 11). The map showing percent sand and gravel was
converted into a map of the distribution of hydraulic con-
ductivity by using the graph in figure 11. The resulting
hydraulic conductivity map was then superimposed on the
saturated thickness map (fig. 8) and values of transmis-
sivity calculated at intersection of the two sets of contours
(fig. 12). Most values of transmissivity for the middle unit
range from about 10,000 to 60,000 ft*/d. Highest values of
transmissivity-- about 40,000 to 60,000 ft?/d--are in the
area between Scottsdale and Mesa, where saturated thick-
ness ranges from about 500 to 700 ft and the percent sand
and gravel ranges from about 50 to 80 percent. Lowest
values of transmissivity--less than 10,000 ft?/d--generally
are along the margins of the basin. The middle unit in
these areas may contain more than 50 percent sand and
gravel, but the saturated thickness is small. 1n contrast,
transmissivity ranges between 10,000 and 20,000 ft?/d near
the central axis of the basin where the percent sand and
gravel is less than 30 percent but the saturated thickness
is greater.

Values of hydraulic conductivity were not calculated for the
upper and lower units because of the lack of data from
wells perforated or screened mainly in the individual units.
However, the relation of hydraulic conductivity and particle
size determined for the middle unit is a useful indicator of
hydrologic properties in a large part of the area because
the middle unit is the principal water-bearing unit. The
upper unit generally is less consolidated than the middle
unit and may, therefore, have higher values of hydraulic
conductivity for a given sand and gravel percentage. The
lower unit generally is more consolidated than the middle
unit and thus would have lower values of hydraulic conduc-
tivity for a given sand and gravel percentage. Estimates of
the range of hydraulic conductivity and transmissivity for
the upper and lower units are given on table 1. In the
Tucson basin, the Fort Lowell Formation and the Tinaja
beds have a similar stratigraphic position as the middle and
the lower units of the eastern part of the Salt River valley.
Values of hydraulic conductivity for the Fort Lowell Forma-
tion are as much as two times greater than those in the
underlying and more consolidated Tinaja beds for the same
percentage of sand and gravel (G. W. Freethey, written
commun., 1980). A similar relation may be expected for the
middle and lower units of the study area.

SUMMARY

The sedimentarv deposits in the eastern part of the Salt
River Valley area are divided into four water-bearing
units -- the red unit, the lower unit, the middle unit, and
the upper unit. The red unit consists mostly of coarse-
grained, well-cemented red beds that predate a period of
high-angle faulting that formed the present-day sedimentary
basins and mountain ranges. As a result, the sedimentary
facies of the red unit are not related to present-day basins
and mountain ranges as are the deposits of the lower,
middle, and upper units.

The lower unit consists of mudstone, gypsiferous and
anhydritic mudstone, anhydrite, clay, silt, conglomerate,
sand and gravel, and interbedded andesitic basalt that were
deposited in a closed basin. The unit, which includes the
largest volume of sedimentary material in the area, may be
more than 10,000 ft thick in the central parts of the basin.
Most of the unit has a low hydraulic conductivity and most
of the recoverable ground water is in the coarse-grained
sand and gravel and conglomerate that is as much as 600 ft
thick near the perimeter of the basin. The coarse-grained
material, yields as much as 3,500 gal/min of water to wells,
whereas, the fine-grained material yields less than 50
gal/min of water to wells.

The middle unit is the principal water-bearing unit in the
area. It consists mostly of silt, siltstone, and silty sand
and gravel that were deposited in a closed basin. The unit

100 4
>
S oo} =
e Mean hydraulic conductivity and mean percent
E sand and gravel for 20-percent interval.
80} Number is number of wells for which data were
E available within 20-percent interval
[
& 70+ =
el
e
% 60 -
'8
4 60~ -1
(@]
O
o Standard error of the mean 27
E 40}~ hydraulic conductivity -
g 30} 63 A
<o)
-4 10
g 20f -
=
10 "
0 1 1 1 |
100 80 60 40 20 0

MEAN PERCENT OF SAND AND GRAVEL
(PARTICLE SIZE GREATER THAN 0.062mm IN DIAMETER)

Figure 11.-- Relation between hydraulic conductivity and percent sand and gravel
in the middle unit (G.W. Freethey, written communication, 195).

is as much as 1,000 ft thick; as much as 700 ft is saturated
in the central parts of the area. The coarsest grained and
most productive part of the unit is north of Mesa near the
Salt River, where wells yield as much as 4,000 gal/min.
Elsewhere in the area, where the saturated thickness is at
least 500 ft, the middle unit may yield as much as 1,000
gal/min of water to wells.

The upper unit consists of gravel, sand, and silt that were
deposited in the basin as through-flowing or integrated
drainage was developed. This unit is as much as 300 ft
thick, but a maximum of only about 150 ft is saturated in
the southwestern part of the area. Where saturated, the
unit may yield as much as 4,500 gal/min. The upper unit
near the major drainages is important in transmitting water
to the water table during periods of flood flow. Perched
water has collected in fine-grained parts of the unit as a
result of infiltrating irrigation water and occasional flood
flow.

An empirical relation between mean hydraulic conductivity
and percent of sand and gravel was developed for the
middle unit by comparing results of recovery tests on more
than 150 wells to maps of distribution of percent sand and
gravel. Values of hvdraulic conductivity ranged from about
20 to 100 ft/day. Values of transmissivity were estimated
for the middle unit by using the maps of percent sand and
gravel and saturated thickness of the middle unit and the
graph of hydraulic conductivity versus percent sand and
gravel. Transmissivity ranges from about 10,000 to 60,000
ft*/d in the middle unit. Data were insufficient to develop
similar quantitative relationships for the lower and upper
units. However, the relations between hydraulic conduc-
tivity and percent sand and gravel that were developed for
the middle unit are useful indicators of the hydrologic
properties in the area because the middle unit is the
principal water-bearing unit.

EXPLANATION

UNCONSOLIDATED SEDIMENTARY DEPOSITS

CONSOLIDATED ROCKS — Includes crystalline rocks,
extrusive rocks, and red unit; locally includes con-
glomerate and andesitic basalt of the lower unit

APPROXIMATE LINE OF EQUAL TRANSMISSIV-
ITY — Interval 10,000 square feet per day

10,000

G HL Gy o A
R

-4

-

-
e &&ﬁéfﬂAH\?‘}g",‘:‘:’

111°30'_

R2E

Base from U.S.Geological Survey
Mesa 1:250 000, 1954-69 and
Phoenix 1:250 000, 1954-69

111°18!

5MILES RgE

10 KILOMETERS
[ == — = —— ee————————————————— |

CONTOUR INTERVAL 200 FEET T3s
WITH SUPPLEMENTARY CONTOURS AT 100-FOOT INTERVALS
NATIONAL GEODETIC VERTICAL DATUM OF 1929
Figure 12. -- Transmissivity of the middle unit. .

Hydrogeology by R.L.Laney and Mary Ellen Hahn, 1980.

Geology modified from Wilson and others, 1957 and 1959: BOE
Cooley, written communication, 197 3; Arteaga and others,

1968; Christenson and others, 1978 Schulten and others,

1979; Cordy and others, 1978; Pewe’, 1978: Scarborough,

1981

SELECTED REFERENCES

Arteaga, F. E., White, N. D., Cooley, M. E., and
Sutheimer, A. F., 1968, Ground water in Paradise
Valley, Maricopa County, Arizona: Arizona State Land
Department Water-Resources Report 35, 76 p.

Bikerman, Michael, and Damon, P. E., 1966, K/Ar
chronology of the Tucson Mountains, Pima County,
Arizona: Geological Society of America Bulletin, v. 77,
p. 1225-1234.

Brennan, D. J., 1957, Geological reconnaissance of Cienega
Valley, Pima County, Arizona: Arizona University,
unpublished Ph.D. Thesis, 53 p.

Christenson, G. E., Welsch, D. G., and Pe'we', T L,
1978, Environmental geology of the McDowell Mountains
area, Maricopa County, Arizona: Arizona Bureau of
Geology and Mineral Technology Geology Investigations
Series, Folio of the McDowell Mountains area, Arizona,
maps Gl-1-A-B.

Cooley, 'M. E., 1973, Map showing distribution and
estimated thickness of alluvial deposits in the Phoenix
area, Arizona: U.S. Geological Survey Miscellaneous
Investigations Series Map 1-845-C, scale, 1:250,000.

1877, Map of Arizona showing selected alluvial,
structural and geomorphic features: U.S. Geological
Survey Open-File Report 77-343, 29 p.

Cooley, M. E., and Davidson, E. S., 1963, The Mogollon
Highlands--their influence on Mesozoic and Cenozoic
erosion and sedimentation: Arizona Geological Society
Digest, v. 6, p. 7-35.

Cooper, J. R., 1960, Some geologic features of the Pima
mining district, Pima County, Arizona: U.S. Geological
Survey Bulletin 1112-C, p. 63-103.

Cordy, G. E., Holway, J. V., and Pewe, T. L., 1978,
Environmental geology of the Paradise Valley quad-
rangle, Maricopa County, Arizona: Arizona State
University, Department of Geology duplicated
unpublished maps.

Damon, P. E., and Bikerman, Michael, 1964, Potassium-
argon dating of post-larimide plutonic and voleanic
rocks within the basin and range province of south-
eastern Arizona and adjacent areas: Arizona Geological
Society Digest, v. 7, p. 63-78.

Davidson, E. S., 1961, Facies distribution and hydrology of
intermontane basin fill, Safford basin, Arizona, in
Short papers in the geologic and hydrologic sciences:
U.S. Geological Survey Professional Paper 424-C, p.
C151-C153.

Davidson, E. S., 1973, Geohydrology and water resources
of the Tucson basin, Arizona: U.S. Geological Survey
Water-Supply Paper 1939-E, 81 p.

Eaton, G. P., Peterson, D. L., and Schumann, H. H.,
1972, Geophysical, geohydrological, and geochemical
reconnaissance of the Luke salt body, central Arizona:
U.S. Geological Survey Professional Paper 753, 28 p.

Eberly, L. D., and Stanley, T. B., 1978, Cenozoic
stratigraphy and geologic history of southwestern
Arizona: Geological Society of America Bulletin, v. 89,
no. 6, p. 921-940.

Euge, K. M., Lund, W. R., and Scott, J. D., 1978,
Geology of the Palo Verde Nuclear Generating Station
and adjacent area, Maricopa County, Arizona, in
Guidebook to the geology of central Arizona: Bureau of
Geology and Mineral Technology, the University of
Arizona, Special Paper No. 2, p. 115 to 129.

Finnell, T. L., 1970, Pantano Formation, in Cohee, G. V.,
Bates, R. G., and Wright, W. B., Changes in
stratigraphic nomenclature by the U.S. Geological
Survey, 1968: U.S. Geological Survey Bulletin 1294-4,
P. A35-A36.

Laney, R. L., Ross, P. P., and Littin, G. R., 1878, Maps
showing ground-water conditions in the eastern part of
the Salt River Valley area, Maricopa and Pinal
Counties, Arizona--1876: U.S. Geological Survey
Water-Resources Investigations 78-61, maps.

Lausten, C. D., 1874, Gravity methods applied to the
geology and hydrology of Paradise Valley, Maricopa
County, Arizona: Arizona State University unpublished
M. S. thesis, 137 p.

Lee, G. K., and Bell, John, 1975, Late Cenozoic geology
along the Gila River near Gillespie Dam, central
Arizona: Geological Society of America Abstracts with
Programs, v. 7, no. 3, p. 340.

Mann, L. J., and Rohne, P. B. Jr., 1983, Streamflow
losses and changes in ground-water levels along the
Selt and Gila Rivers near Phoenix, Arizona--February
1878 to June 1980: U.S. Geological Survey Water-
Resources Investigations 83-4043, 11 p.

Matlock, W. G., Morin, G. C. A., and Posedly, J. E.,
1976, Well cuttings analysis in ground-water resources
evaluation: Ground Water, v. 14, no. 5, p. 272-277.

Niccoli, M. A., and lLong, M. R., 1981, Determination of
transmissivity values in the Salt River Valley using
recovery tests, specific capacity data and DWR driller
log program: Hydrology and Water Rgsources in
Arizona and the Southwest, v. 11, p. 117-124.

Oppenheimer, J. M., and Sumner, J. S., 1981, Depth-to-
bedrock map of southern Arizona in Stone, Claudia,
and Jenney, J. P., eds., Basin and Range province,
Arizona: Arizona Geological Society Digest, v. 13, p.

111-115.

Osterkamp, W. R. and Ross, P. P., 1976, Map showing
distribution of recoverable ground water in the
Phoenix area, Arizona: U.S. Geological Survey
Miscellanedus Investigations Series I-845-K.

Pashley, E. F., 1866, Structure and stratigraphy of the
central, northern, and eastern parts of the Tucson
basin, Arizona: U.S. Geological Survey open-file
report, 273 p.

Peirce, H. W., 1973, Evaporite developments thickest
anhydrite in the world?: Fieldnotes, Arizona Bureau of
Geology and Mineral Technology, v. 3, no. 2, p. 1-2.

1976, Tectonic significance of Basin and Range thick
evaporite deposits: Arizona Geological Society Digest,
v. 10, p. 325-339.

Percious, J. K., 1968, Geology and geochronology of the
Del Bac Hills, Pima County, Arizona, in Arizona

Geological Society Southern Arizona Guidebook 3,
Tucson, 1968: p. 199-207.

Peterson, D. L., 1968, Bouguer gravity map of parts of
Maricopa, Pima, Pinal, and Yuma Counties, Arizona:
U.S. Geological Survey Geophysical Investigations Map
GP-615, 1 sheet.

Pewe, T. L., 1978, Terraces of the lower Salt River Valley
in relation to late Cenozoic history of the Phoenix
basin, Arizona, in Burt, D. M., and Pe'we', T Lus;
eds., Guidebook to the geology of central Arizona:
Arizona Bureau of Geology and Mineral Technology
Special Paper 2, p. 1-45,

Ross, P. P., 1978, Maps showing ground-water conditions
in the western part of the Salt River Valley area,
Maricopa County, Arizona--1977: U.S. Geological
Survey Water-Resources Investigations 78-40, maps.

Scarborough, R. B., 1981, Reconnaissance geology:
Goldfield and Northern Superstition Mountains:
Fieldnotes, Arizona Bureau of Geology and Mineral
Technology, v. 11, no. 4, p. 6-10.

Scarborough, R. B., and Wilt, J. C., 1979, A study of
uranium favorability of Cenozoic sedimentary rocks,
Basin and Range Province, Arizona, Part 1, General
geology and chronology of pre-late Miocene Cenozoic
sedimentary rocks: Arizona Bureau of Geology and
Mineral Technology, duplicated report, 101 p.

Schulten, C. S., Bales, J. T., and Pe'we', T. L., 1979,
Environmental geology of the Tempe quadrangle,
Maricopa County, Arizona: Arizona State University,
Department of Geology duplicated unpublished maps,
plate 2.

Sellers, W. D., and Hill, R. H., 1974, Arizona climate,
1931-1972: Tucson, University of Arizona Press, 616
p.

Shafiqullah, M., Damon, P. E., Lynch, D. J., Reynolds,
S. J., Rehrig, W. A, and Raymond, R. H., 1980,
K/Ar geochronology and geologic history of
southwestern Arizona and adjacent areas: Arizona Geo-
logical Society Digest, v. 12, p. 201-260.

Shafiqullah, M., Lynch, D. J. and Damon, P. E., 1976,
Geology, geochronology &and geochemistry of the
Picacho Peak area, Pinal County, Arizona: Arizona
Geological Society Digest, v. 10, p. 305-324.

Sheridan, M. F., 1978, The Superstition cauldron complex,
in Burt, D. M., and Pewe’, T. L., eds., Guidebook to
‘geology of central Arizona: Arizona Bureau of Geology
and Mineral Technology Special Paper 2, p. 85-96.

U.S. Bureau of Reclamation, 1977, Geology and ground-
water resources report, Maricopa and Pinal Counties,
Arizona: U.S. Bureau of Reclamation duplicated
report, 105 p., appendix.

U.S. Geological Survey, 1982, Annual summary of ground-
water conditions in Arizona, spring 1980 to spring
1981: U.S. Geological Survey Water-Resources
Investigations Open-File Report 82-368, map.

University of Arizona, 1965, Normal annual precipitation--
normal May-September precipitation--1931-1960, State
of Arizona: Arizona University map.

Valley National Bank of Arizona, 1981, Arizona statistical
review: Valley National Bank of Arizona, 37th annual
edition, 84 p.

Wilson, E. D., and Moore, R. T., 1959, Geologic map of
Pinal County, Arizona: Arizona Bureau of Mines map,
scale 1:375,000.

Wilson, E. D., Moore, R. T., and Peirce, H. W., 1957,
Geologic map of Maricopa County, Arizona: Arizona
Bureau of Mines map, scale 1:375,000.

1959, Geologic map of Gila County, Arizona: Arizona
Bureau of Mines map, scale 1:375,000.

HYDROGEOLOGY OF THE EASTERN PART OF THE SALT RIVER VALLEY AREA, MARICOPA AND PINAL COUNTIES, ARIZONA

By R. L. Laney and Mary Ellen Hahn
1986




