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Figure 1. Location map showing approximate extent (screened) of Picacho basin,
south-central Arizona. The area included in the study is shown with the
cross pattern.




altitude ranges from 665 m (2,180 ft) along the alluviated upper reaches of streams in the Picacho
Mountains to 427 m (1,400 ft) at Casa Grande. It is drained by the Santa Cruz and Gila Rivers, and
a number of smaller ephemeral streams. The area receives an average of 208 mm (8.2 in.) of
precipitation per year (Sellers and Hill, 1984). Land use is predominantly agricultural. The principal

towns are Casa Grande, Coolidge, Eloy, Picacho, and Toltec.

The land immediately surrounding the four gravity/magnetic traverses is a low-lying area with little
relief that is located just west of the Picacho Mountains. The ground surface slopes gradually down
to the west-northwest, from altitudes of 594 m to 503 m (1,950 ft to 1,650 ft) at the mountain front to
457 m (1,500 ft) at Picacho Reservoir. The area is drained by many small ephemeral streams, some
with headwaters in the Picacho Mountains and others that begin on the alluvial fans. Most of the land

is used for livestock grazing.
GEOLOGIC SETTING

Picacho basin is in the Basin and Range physiographic province. The physiography of the region is
principally a result of extensional tectonism that occurred. primarily from: 13 Ma (million years ago) to
5 Ma (Scarborough and Peirce, 1978; Eberly and Stanley, 1978; Shafiqullah and others, 1980)." The
tectonism involved block faulting, which down-dropped the basin (Figure 2) and left the surrounding
mountains as high-standing horsts. Prior to 3 Ma to 5 Ma, the Picacho basin region was a closed
basin (with internal drainage) where sediment accumulated. After that time, through-flowing streams
were established and both sedimentation and erosion occurred. Pediments (gently sloping, shallowly
buried bedrock surfaces) have been eroded along the margins of most of the mountain ranges. A
pediment may exist along the western base of the northern Picacho Mountains, where numerous
inselbergs protrude above the surface sediment. (Inselbergs are exposed outlying bedrock bodies that
are connected with the principal mountain mass at depth). The southern Picacho Mountains are
bounded on the west by a system of buried inactive normal faults across which there is a large

amount of displacement downward to the west (Pankratz and others, 1978).

Bedrock comprises the (subsurface) down-dropped floor and walls of the basin, most of the
pediments, and the mountains. It includes Precambrian, Paleozoic, and Mesozoic igneous,

metamorphic, and sedimentary rocks, early to middle Tertiary igneous intrusive and metamorphic
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Sand and gravel (alluvium). Middle Miocene to Holocene age.

Claystone, minor gypsum and anhydrite. Late Miocene to Pleistocene
age in Upper Basin Fill, middle Miocene to late Pliocene age in Lower
Basin Fill.

Halite. Middle Miocene to late Pliocene age.

Bedded anhydrite, minor shale. Middle Miocene to late Pliocene age.

Volcanic-clast conglomerate. Eocene to middle Miocene age.

Dark colored volcanic flows. Eocene to middle Miocene age.

Gneissic pebble conglomerate. Eocene to middle Miocene age.
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Figure 2. Generalized stratigraphy and structure of Picacho basin. Basin fill is
approximately 2,450 m (8,000 ft) thick in the central part of the basin. Modified
from Pool, 1986; Scarborough and Peirce, 1978; Freethey and others, 1986; Eberly -
and Stanley, 1978. . . | , .o o
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rocks, and middle Tertiary volcanic and sedimentary rocks.

Basin fill that is up to approximately 2,300 m (7,550 ft) thick overlies the basin floor (Scarborough
and Peirce, 1978). Basin fill is divided into lower and upper parts, and each of those parts is
subdivided into lower and upper parts, based on structural and stratigraphic characteristics. Basin fill
is made up of evaporites (anhydrite, gypsum, and halite), claystone, shale, gravel, sand, silt, and

clay.

The western Picacho Mountains are composed primarily of granitic gneiss of early Miocene to
Oligocene age (18 Ma to 38 Ma; Reynolds, 1988). South of Picacho Pumping Plant, a portion of the
western Picacho Mountains is made up of granitic rocks of early Tertiary to late Cretaceous age (45
Ma to 75 Ma). Surficial deposits in the basin consist of various facies of the upper basin fill, which
are shown in detail on Plates 1 and 2 in Slaff and others, 1989. These deposits include alluvial fans
of various ages (early to middle Holocene fans cover the largest areas), eolian features, deflated
areas, and playa sediment (located mostly to the south of Picacho Reservoir), axial stream terraces
(deposited by the Santa Cruz and Gila Rivers and their ancestral counterparts), and active stream

channels and terraces.

The Brady fissure and the portion of the Picacho fissure near Picacho Pumping Plant cut early to
middle Holocene alluvial fans. Gravity/magnetic Traverses 1-4 are also located on fans of the same
age, except the east end of Traverse 4, which is on late Holocene (active) alluvial fans near the

mountain front,
HYDROLOGIC SETTING

Although surface water is ephemeral in Picacho basin, a vast quantity of ground water is present.
Most of it is within the basin fill. The aquifer system consists of many alluvial aquifers that are
interconnected to various degrees. Ground water is unconfined in most of the aquifers; it is confined
or semi-confined in sand and gravel lenses within the fine-grained facies of the basin fill, and within

deep portions of the fine-grained facies (Anderson, 1986).

Significant rates of ground-water withdrawal began in Arizona around 1910 (Schumann and Poland,




1970). The withdrawal rate has greatly exceeded the combined rates of natural and artificial recharge
since the mid-1930’s (Holzer, 1981). Between 1923 and 1977, water-table elevations decreased by 30
m (100 ft) near Eloy and by 91 m (300 ft) near Picacho. The depth to the water table in 1977 ranged
from 30 m to 61 m (100 ft to 200 ft) below ground surface near Casa Grande to 122 m to 152 m
(400 ft to 500 ft) near Picacho (Konieczki and English, 1979). Rates of water-table decline as high as
3 m (10 ft)/yr have been measured.

Decline in water-table elevation causes aquifer compaction, which in turn causes land-surface
subsidence. Most of the basin has subsided, but not enough data are available to determine how
much subsidence has occurred at each point. It is clear, however, that a 261 km? (101 mi®) area that
extends northward to a point 4 km (2.5 mi) south-southwest of Picacho Reservoir (Figure 1) subsided

a minimum of 2.1 m (7 ft) between 1905 and 1977 (Laney and others, 1978).
APPROACH

The goal of the investigation is to determine whether the Brady fissure overlies a zone of abrupt
lateral change in the depth of bedrock. If it does, then the fissure’s location.and potential extent may
be controlled by basement: structure.: In that case, knowing the basement structure will allow:
assessment of how hazardous the Brady fissure is to the Tucson Aqueduct. Robinson and Peterson:
(1962) were the first investigators to use a gravity survey to relate fissure locations to differential

subsidence over relatively abrupt lateral changes in depth to bedrock in Picacho basin.

In order to determine the nature of the basement structure, we conducted gravity and magnetic
surveys along four traverses. Each traverse is 1524 m (5,000 ft) long and is oriented approximately
normal to the long dimension of the fissure that it crosses (Plate 1). Gravity and magnetic
measurements were made at stations located at 61 m (200 ft) intervals along each traverse. Traverse
locations were established by conventional surveying techniques using a Sokkisha Set 4B electronic
distance meter. [Trade names are included for informational purposes only. Arizona Geological
Survey does not endorse any manufacturer’s equipment]. National Geodetic Survey third-order
leveling was used to tie in traverse station altitudes to NP 8, a U.S. Bureau of Reclamation second-
order bench mark that is set in bedrock in the Picacho Mountains (Donald Reiff, U.S. Bureau of

Reclamation, written commun., 1992). Closures of 0.95 cm/km (0.60 in./mi) were achieved. NP 8




is located approximately 1,132 m (3,714 ft) east of Tucson Aqueduct station 454+60. Global
Positioning System techniques were used to tie in horizontal positions of traverse endpoints to right-
of-way stations along the Tucson Aqueduct. Horizontal positions of traverse stations other than
endpoints were digitized at 61 m (200 ft) intervals to determine their coordinates. Arizona Geological

Survey and U.S. Bureau of Reclamation personnel surveyed the traverse locations.

The accuracy of the station locations is + 6.1 cm (2.4 in.) in a vertical plane, and + 0.3 m (1 ft) in
a horizontal plane (Donald Reiff, U.S. Bureau of Reclamation, written commun., 1992). Horizontal
accuracy of &+ 0.46 cm (0.18 in.) was achieved for traverse endpoints. The figure given above for
vertical accuracy is conservative: The margin of error is probably actually + 3.0 cm (1.2 in.)
(Donald Reiff, U.S. Bureau of Reclamation, written commun., 1992). Errors of + 6.1 cm (2.4 in.)

in station altitude result in uncertainties in the gravity anomalies of + 0.012 milligal (mGal).

Gravity measurements were made in closed loops using a LaCoste & Romberg model D gravimeter.
The instrument was carried on foot to each station. The base station is the U.S. Geological Survey’s
"Pass" monument near Picacho Pass, where the gravity value is 979345.023 mGal as determined by
the National Geodetic Survey. Base station measurements: were repeated:every-2 to 6 hours. Station
T-1-3 (Plate 1) was used asa local base station; however, only a relative gravity-value at this site is
known. Local base station measurements were repeated every 1 to 4.5 hours. Traverses 1, 2, and 3
were each surveyed on two different days. Surveys during which less drift occurred in the
measurements are considered more accurate, and it is those data that are presented here. Traverse 4
was only surveyed once. The instrument’s sensitivity is + 0.005 mGal over its 200 mGal operating

range.

Field data were reduced using a standard computer program (Gettings, 1993). The program corrects
the field values for the effects of: 1) earth tides; 2) gravimeter drift; 3) terrain irregularities; 4) free-
air gravity anomalies; and, 5) Bouguer gravity anomalies. A digital elevation model of the study area
was incorporated in the computer program in order to make terrain corrections. The Department of
Defense digitized 1° x 1° tracts of land, and the U.S. Geological Survey refined the data in order to
obtain models for 15’ x 15’ tracts identified by latitude and longitude. Terrain corrections were
computed out to a radius of 167 km (104 mi) about each gravity station. Corrections for

irregularities in the local terrain were unnecessary because the traverses are on smooth, low-lying




alluvial fans that have little surface relief. The margin of error for values in the digital elevation

model is + 1.5 m (4 5 ft).

The granitic gneiss basement was assumed to have an average density of 2.60 g/cm® (162 Ibs/ft?), and
a density of 2.30 g/cm® (144 1bs/ft®) was assigned to the basin fill. These values are reasonable,
based on average densities reported in the literature (Carmichael, 1989). Tucci and others (1982)
calculated densities of basin fill deposits from borehole gravity data. At boreholes in Avra Valley
(located directly southeast of Picacho basin), Tucson basin, and Vekol Valley, basin-fill densities
above the water table range from 1.73 g/cm® (108 Ibs/ft®) to 2.26 g/cm® (141 1bs/ft?), and from 2.01
g/em® (126 1bs/ft’) to 2.46 g/cm® (154 lbs/ft’) below the water table. Decreasing the density contrast
increases the calculated thickness of the basin fill. The average density of crustal material between

mean sea level and the Earth’s surface was assumed to be 2.67 g/cm® (167 Ibs/ft?).

Magnetic-field-strength measurements were made with and EG&G Geometrics model G-816 proton
precession magnetometer. The instrument was carried on foot to each station. Many of the
measurements were repeated during each survey to check their accuracy, and complete surveys were

made of each traverse on two different days. The instrument’s sensitivity is” 4 1-gamma-throughout:

its 20,000 to 90,000 gamma range.- Magnetic field strength measurements were made simultaneously

at each traverse station and at the Tucson Magnetic Observatory (operated by the U.S. Geological
Survey). The Observatory measurements document the change in field strength at a single location
over time. These measurements were subtracted from the traverse-station measurements to show the

actual change in magnetic field strength from one station to the next.

Tables containing the raw gravity and magnetic data are available as a separate appendix to this

report.

FINDINGS

GRAVITY SURVEY

Profiles of the results of the gravity survey are presented in Figures 3 through 6. The profiles are

arranged from the northernmost (Traverse 3) at the top of Figures 3 and 5 to the southernmost

10




Complete Bouguer gravity anomaly (milligals)

Traverse 3

73— F 1660
74— =" 1= 1650
75— et — 1640
76— ) \ - 1630
77— — 1620
78— — 1610
-79— ~ 1600
-80— ~— 1590
-81 1580

0
WNW ESE

Traverse 2
-72— — 1660
~73 — — 1650
-74 — i— 1640
75— — 1630
-76 —| — 1620
=77 — — 1610
-78 - 1600
-79 1590

0
WNW ESE

Gravity station number
0 400 800 feet

0 122 244 meters

Figure 3. Gravity anomaly (solid line) and topographic (dashed line) profiles for
Traverses 3 and 2. (See Plate 1 for traverse locations). A pronounced increase in
complete Bouguer gravity anomaly values from west to east is apparent along both
traverses. Contrast these profiles with Figure 5.
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Complete Bouguer gravity anomaly (milligals)
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Figure 4. Gravity anomaly (solid line) and topographic (dashed line) profiles for
Traverses 1 and 4. (See Plate 1 for traverse locations). A pronounced increase in
complete Bouguer gravity anomaly values from west to east is apparent along both
traverses. Contrast these profiles with Figure 6.
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Figure 5. Gravity anomaly profiles for Traverses 3 and 2. (See Plate 1 for traverse
locations). A least-squares-fit cubic polynomial was subtracted from each profile to
obtain these residual values. Surficial piping features that may overlie the Brady
fissure were mapped near station 13 on Traverse 2. The piping cavities are the
basis for inferring the possible presence of the Brady fissure, as shown in the
profile above.
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Complete Bouguer gravity anomaly residual (milligals)
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Figure 6. Gravity anomaly profiles for Traverses 1 and 4. (See Plate 1 for traverse

locations). A least-squares-fit cubic polynomial was subtracted from each profile to
obtain these residual values.

14




(Traverse 4) at the bases of Figures 4 and 6. Stations with low numbers are closer to the basin, and
stations with high numbers are closer to the Picacho Mountains. Figures 3 and 4 show the
topography of the land surface as well as complete Bouguer gravity anomaly profiles. Figures 5 and
6 show profiles of complete Bouguer gravity anomaly residual values. A least-squares-fit cubic
polynomial equation was subtracted from each complete Bouguer gravity anomaly profile to obtain the
residual values. A computer program (Wessel and Smith, 1992) was used to successively subtract
cubic, quadratic, and higher-order polynomials from the complete Bouguer gravity anomaly data.
Subtracting a cubic polynomial from the data provided the most reasonable profiles, because this
procedure removed the large regional gravity gradient without removing small anomalies. Maximum
anomaly magnitudes (in milligals, tabulated below) were determined by subtracting the lowest from
the highest residual values for each profile. The depth to bedrock in the area was estimated as 244 m
to 366 m (800 ft to 1,200 ft), based on published gravity anomaly interpretations constrained by

available drillhole information (Oppenheimer and Sumner, 1980).

After this investigation was completed, unpublished borehole data became available (U.S. Bureau of
Reclamation, 1979-1983). Lithologic logs were obtained for ten boreholes located west of the
Picacho Mountains in the vicinity of the CAP aqueduct.- Total depths of the borings ranges from 55:
m (179 ft) to 546 m (1,790 ft). In two of the borings, both located near the aqueduct approximately -
midway between Traverses 1 and 4, granitic gneiss bedrock was penetrated at depths of 48 m (156 ft)
and 98 m (320 ft), respectively. These borings are designated as TA-9 and TA-11, and their
locations are shown on Plate 1. The two boreholes are closer to exposed bedrock of the Picacho
Mountains than the gravity/magnetic traverses, but the relatively shallow depths at which gneiss was
encountered suggest that bedrock may lie closer to the ground surface in part of the study area than
was estimated. This is especially true for the east end of Traverse 4. The other eight borings,

however, did not reach bedrock, even (in five cases) at depths greater than 305 m (1,000 ft).

The profiles suggest that in the study area, earth fissures are associated with positive relative gravity
anomalies. In most cases, fissures occur at the edges of local gravity highs, and are related to a
change in the gravity gradient. The gravity highs probably indicate where masses of buried bedrock
are closer to the land surface. Such a configuration could reflect a buried fault or faults, a buried
inselberg, a pediment edge, or a steeply sloping buried bedrock mass that originated by other

processes. The results of another investigation performed a few kilometers to the south (Pankratz and
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others, 1978) suggest that the gravity profiles represent a series of buried bedrock steps that become
progressively shallower to the east. The steps probably resulted from a system of buried subparallel

faults trending roughly north-south.

An alternative interpretation of the data suggests that the gravity anomalies are caused by changes in
bedrock density. (For example, positive anomalies indicate denser rock such as gabbro, and negative
anomalies indicate less dense rock such as granitic gneiss). The preponderance of granitic gneiss and
lack of denser bedrock exposed in the western Picacho Mountains adjacent to the traverses makes this
interpretation of the profiles doubtful. However, volcanic-clast conglomerate and dark-colored
volcanic flow rocks are known to occur in at least some portions of the base and sides of Picacho
basin (Figure 2). These rocks probably have densities of approximately 2.70 g/cm’® (169 Ibs/ft®),
assuming that their average composition is intermediate between basalt and andesite (Carmichael,

1989).

The maximum magnitudes of the gravity anomalies shown in Figures 5 and 6 are summarized below.
The magnitudes were determined by drawing smooth curves along the profiles and measuring the

differences between the highest "peak" and lowest "trough" of each profile. -

Traverse Anomaly (mGal)
3 0.06
2 0.04
1 0.025
4 0.06

From Traverse 3 to Traverse 1, the magnitude decreases. This implies that from north to south,
bedrock becomes deeper, the displacement on the fault(s) decreases, the slope of the edge of the
bedrock decreases, the density contrast between basin fill and bedrock decreases, or any combination
of the above. Between Traverses 1 and 4, the north-to-south trend is reversed, and the gravity
anomaly magnitude increases. Anomalies of 0.02 mGal amplitude or less are at the limits of the data
error estimates and may not represent gravity anomalies at all. The anomaly patterns observed along

each traverse are discussed individually below.

TRAVERSE 3
The profile for Traverse 3 shows a gravity anomaly amplitude of approximately 0.06 mGal. The
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mostly infilled, inactive fissure located near station 4 and Brady Pumping Plant is near the western
edge of a gravity high. Bedrock may be relatively shallow in this area. A region of relatively low
gravity occurs in the center of the profile, and another positive anomaly occurs between stations 17
and 22, Because these findings suggest that earth fissures tend to occur near the edges of relative
gravity highs, the vicinities of stations 11, 16, and 22 are places to watch for future fissure
development. Projecting the Brady fissure northward along the trend of its young northern segment
places its possible future location near station 19. Projecting the Brady fissure farther north places its
possible future location near milepost 254.555 of the Tucson Aqueduct (approximately 362 m [1,187
ft] east of the end of Brady Pumping Plant discharge line).

TRAVERSE 2

The fissure identified on the gravity profile for Traverse 2 is a possible northern segment of the Brady
fissure that is inferred to exist in the subsurface. In April 1991, evidence of piping was mapped at
station 13 and at sites approximately 30 m (98 ft) south and 40 m (131 ft) and 190 m (624 ft) north of
there. The surficial evidence was subsequently obscured by sedimentation caused by storm runoff and
burrowing animals. Only one piping cavity was observed near station 13 in October 1991 (Slaff,
1991). The gravity profile is analogous to that of Traverse:3, but less pronounced. - The magnitude:
of the anomaly is approximately 0.04 mGal, suggesting that-bedrock is deeper here, there is less
displacement on the fault(s), and (or) the slope of the edge of the bedrock is less steep. Fissures

might be expected to form in the future near station 18, and near stations 12 and 13.

TRAVERSE 1

The gravity profile along Traverse 1 is somewhat surprising. It shows smaller anomalies than
Traverses 2 and 3, but near station 14 Traverse 1 crosses a segment of the Brady fissure that is
currently approximately 3 m (10 ft) wide and 1 m (3 ft) deep. Fissure locations may be controlled by
sedimentologic or hydrologic conditions that are independent of bedrock configuration, but the Brady
fissure’s location and trend with respect to those of the Picacho Mountains suggest a relationship with
the bedrock. The fissure occurs at the western edge of a 0.025 mGal gravity anomaly. Drawing
smooth curves along the profiles can help make the trends more obvious. For this profile, "one-point

anomalies" such as those at stations 12 and 22 may be viewed as artifacts lying above the true curve.

Perhaps no larger-magnitude anomaly was observed along this traverse because bedrock is shallower
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than was assumed and lies at approximately the same depth below the entire traverse. This would be
the case if there is merely a veneer of basin fill over a pediment. Whether the "peak" of the profile
at station 3 represents a positive anomaly may be verified with additional field work. Measurements

could be made at points to the east and west of station 3, located closer to it than are stations 2 and 4.

TRAVERSE 4

The gravity profile along Traverse 4 shows anomalies of approximately 0.06 mGal. Positive
anomalies occur near each end of the traverse and in the central region from station 8 to station 13.
This may indicate that at least three bedrock bodies (such as buried inselbergs) lie at relatively
shallow depths beneath the basin fill. The Picacho fissure crosses the traverse near station 11, on the
eastern flank of the central gravity-high. It is unclear whether the relatively low value at station 12 is
valid, or should be considered a higher value on the smoothed curve. If the value at station 12 is
valid, then it could represent a small area of lower relative density below this point, such as an
ancient sand and gravel-filled channel in the fine-grained basin fill. (Sand and gravel can have lower

specific gravities than clay and silt).

The regional gravity map (Lysonski and others, 1980) shows-an approximately 12 mGal/km (19.3-
mGal/mi) gradient along this traverse, and suggests that a relatively high-density body lies buried to
the west. The body is probably not bedrock, but the nearly 1,830 m (6,000 ft)-thick anhydrite unit
that is part of the basin fill (Figure 2). The density of anhydrite is 2.96 g/cm’® (185 lbs/ft?;
Carmichael, 1989). Traverse 4 cannot be compared as easily with Traverses 1, 2, and 3 as they can
be with each other because it is located farther from the others and its east end is closer to exposed

bedrock.
MAGNETIC SURVEY

Profiles of the magnetic data are shown in Figures 7 and 8. The stations are the same as those used
for the gravity survey. The profiles are arranged from the northernmost (Traverse 3) at the top of
Figure 7 to the southernmost (Traverse 4) at the base of Figure 8. The dimensions of the graphs are
the same so that they can be easily overlaid with the gravity profiles for comparison. Measurements
from the Tucson Magnetic Observatory were subtracted from simultaneously measured values

collected at the traverse stations to correct for diurnal changes in field strength. Thus the plotted
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Magnetic field strength (gammas; arbitrary datum)
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Figure 7. Magnetic field strength profiles for Traverses 3 and 2. (See Plate 1
for traverse locations). Readings obtained at the Tucson Magnetic Observatory
were subtracted from the traverse readings to remove diurnal variations.
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Magnetic field strength (gammas; arbitrary datum)
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Figure 8. Magnetic field strength profiles for Traverses 1 and 4. (See Plate 1
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measurements are differences, with an arbitrary datum.

Magnetometers measure the local intensity of the geomagnetic field, which may be perturbed by
concentrations of iron-rich minerals. In granitic rocks, the common iron-rich species are the
accessory minerals magnetite, ilmenite, rutile, and sphene. These minerals can be altered, oxidized,
or destroyed by diagenesis, weathering, or other processes. Therefore, sediment such as basin fill
may have lower concentrations by volume of reduced iron than the igneous rocks from which the
sediment was derived. In this case, higher magnetic-field values are recorded over bedrock than over
basin fill. However, this may not be the case in Picacho basin. In some sediment deposits, iron-rich
(and other high-density) minerals are more concentrated than in the rocks from which they were
derived because of fluvial or eolian processes. Detrital iron minerals in basin fill below the traverses

could interfere with the detection of a bedrock magnetic signal.

In general, the magnetic profiles show anomalies with roughly the same shapes and widths along each
traverse, but with greater amplitudes in the eastern traverse segments. This suggests that the
underlying material is the same lithology, but more deeply buried to the west. Although the higher
field strength to-the east could be caused by rocks:of greater magnetic susceptibility, a shallower. - -
depth to rock of equal magnetic susceptibility provides an adequate and simpler model. The Brady .
fissure (and its inferred northern subsurface segment) are associated with a small (8 to 10 gamma)
positive anomaly, but the Picacho and the unnamed fissure occur in areas with very small negative
anomalies. Small one-point positive anomalies (such as those at stations 23 on Traverses 3 and 2)
may be caused by stream channels buried in the basin fill. Some ancient channel deposits may

contain relatively high concentrations of iron-rich minerals.
DISCUSSION

The gravity data are of good quality. A very sensitive gravimeter was used and the readings only
drifted a small amount during collection of the measurements. The margin of error for a gravity
measurement relative to the others along a single traverse is + 0.05 mGal or less. The overall error
for the gravity measurements is + 0.1 mGal. Careful leveling gave accurate vertical and horizontal
control of the traverse-station locations. Correct land-surface elevations are particularly important for

this study, because an elevation error of 3.05 cm (0.1 ft) is equivalent to an uncertainty of
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approximately 0.006 mGal. The magnetic data are also reliable. The magnetometer indicated good
signal quality during the survey. Readings that were repeated at a single station within a few minutes

of each other (so that diurnal changes in field strength were minimal) were identical to within + 1

gamma.

Jachens and Holzer (1979) found gravity anomalies at some Picacho basin earth fissures that range
from 0.1 mGal to 1.0 mGal. The anomalies are thought to be caused by bedrock masses that
protrude higher into the overlying basin fill than the adjacent bedrock. Most of the masses are
inferred to be at depths of less than 250 m (820 ft). The positive gravity anomalies observed in the
vicinity of the Brady fissure for this investigation are smaller (0.025 mGal to 0.06 mGal) than those

observed by Jachens and Holzer.

The amount of relief (for example, fault displacement) across a buried bedrock mass required to
produce a detectable gravity anomaly depends on the density contrast between the basin fill and the
bedrock, and on the depth of burial of the bedrock. A 100 m (330 ft)-wide bedrock mass protruding
upward 10 m (33 ft) into basin fill would produce a 0.06 mGal anomaly if it is 50 m (164 ft) below
the ground surface. The same mass would produce an anomaly -of only 0.01 mGal if it is 300 'm (984

ft) below the ground surface.

Figure 9 shows the basement structure inferred to exist below Traverse 1. A nearby borehole,
designated TA-7, did not reach bedrock at its total depth of 223 m (730 ft; U.S. Bureau of
Reclamation, 1979-1983). This finding agrees with the depth to bedrock estimate of 244 m to 366 m
(800 ft to 1,200 ft) for this area (Oppenheimer and Sumner, 1980). Therefore, a bedrock depth of
250 m (820 ft) was assumed for calculations used to constrain the dimensions of the geologic section
shown in Figure 9. If bedrock is deeper, then the magnitude of bedrock-surface relief (fault
displacement?) is greater than that shown. Abrupt changes in bedrock-surface relief below Traverse 1
correspond to locations of gravity and magnetic anomalies. Gravity-anomaly-residual highs and
magnetic highs represent locally higher bedrock elevations. The amount of basement relief shown is
based on calculations using the following values: the maximum gravity anomaly is 0.025 mGal; the
depth to bedrock is 250 m (820 ft), and; the width of the local bedrock mass below an anomaly is m
250 m (820 ft).
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Figure 9. Profile of inferred basement structure below Traverse 1. Interpretation

is based on gravity, magnetic, and borehole data. Dashed lines represent possible
faults; arrows show directions of relative movement. The faults may not be present.
Amount of vertical relief of bedrock surface is based on calculations in which the
maximum gravity anomaly is 0.025mGal, depth to bedrock is 250m (820 ft), and the
width of the bedrock mass below an anomaly is 250m (820 ft). Vertical exaggeration
is x3.5.
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Three faults might exist below Traverse 1 as shown in Figure 9, and a fourth may lie northwest of
station 1, However, the inferred amount of displacement across the faults is small and the
irregularities of the bedrock surface may have been caused by erosion or processes other than

faulting.

The results of the geophysical surveys do not strongly support the hypothesis that the Brady fissure
overlies and is genetically related to basement structure that causes a large change in the depth of
bedrock over a short lateral distance. This could mean that there is not an abrupt change in the depth
of bedrock below the fissure, or that it was not detected by the surveys. Regional gravity data
(Lysonski and others, 1980), however, show a steep gradient just west of the Picacho Mountains
(which suggests a large change in depth of bedrock over a short lateral distance). The values
determined for this study agree with the regional data extremely well. Therefore, the Brady fissure
probably is in the vicinity of a lateral change in the depth to bedrock.

In the Basin and Range physiographic province, many basins are bounded not by a single fault with
large displacement but by a system of subparallel faults each of which has small to moderate
displacement (Menges and Pearthree, 1989).. The latter configuration is'more: difficult to identify with -
geophysical methods. Pankratz and others (1978), however, were able to detect such-a fault system
near the Picacho fissure, approximately 5 km (3 mi) south of Traverse 4. They discovered three
subsurface faults by conducting seismic refraction surveys, but none of the three directly underlies the
fissure. Each fault is located "several hundred meters" upslope or downslope from the fissure, and
each appears to have 50 m to 125 m (165 ft to 410 ft) of displacement (downward to the west) across
it (Pankratz and others, 1978). Figure 9 suggests that the basement structure below the Brady fissure
may be similar, except that the fissure may more closely overlie a fault, and the displacement across

the faults is only approximately 7 m to 12 m (23 ft to 39 ft).

Perhaps the Brady fissure does not overlie an abrupt lateral change in depth to bedrock. Some earth
fissures are believed to form at lateral facies changes from predominantly fine-grained to coarse-
grained sediment. The fine-grained sediment compacts more slowly, but eventually undergoes a
greater volume reduction than the coarse-grained material. The resulting differential compaction may
generate sufficient horizontal tensional stress to cause fissuring. Many of southern Arizona’s basins

have coarser sediment near their edges and finer sediment near their centers (Tucci and others, 1982).
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Such a facies change may occur near the eastern edge of Picacho basin.

Several factors suggest, however, that the Brady fissure’s location is related to basement structure: 1)
The location and trend of the fissure with respect to those of the Picacho Mountains; 2) its location
and trend with respect to those of the Picacho fissure. (The Picacho fissure appears to be related to

. basement structure (Pankratz and others, 1978; Jachens and Holzer, 1979); 3) the small positive
gravity anomaly discovered where Traverse 1 crosses the fissure; and, 4) the vertical displacement
measured by leveling across the fissure (U.S. Bureau of Reclamation, 1992). An average of 0.18 m
(0.59 ft) of vertical displacement (west side down) exists at the fissure between Traverses 1 and 2.
The range of displacement for the ten pairs of measurements made is from 0.04 m (0.13 ft) to 0.3 m

(0.98 ).

Further investigation could provide a less ambiguous picture of subsurface structure at the Brady
fissure. A seismic refraction survey is one promising approach. It would provide valuable
information, especially if the displacement on the fault(s) is relatively large compared to the depth to
the top of bedrock. Another approach is to refine the gravity survey that was performed for this
study. Subtracting a least-squares-fit cubic polynomial from the complete Bouguer gravity anomalies: -
introduces more uncertainty than subtracting a more accurate model . of Picacho basin gravity. Such a
model could be constructed by extending the traverses beyond their endpoints. To the east, readings
could be taken across the remaining basin fill and on the bedrock in the mountains. The traverses
could be continued to the west farther into the basin. Station spacing along the extensions could be
greater than 61 m (200 ft). Near the fissures, station spacing could be less than 61 m (200 ft), and a
station could be established in each fissure. The resulting profiles would show where the fissures lie
with respect to the maximum gravity gradient. Narrow gravity anomalies (e.g. anomalies only three
times as wide as the fissures themselves) could be detected. Calculations based on the profiles would
identify the dip of the edge of the buried bedrock mass (if present), the ratios of the depth-to-bedrock

to the vertical displacements of the faults (if present), and other useful parameters.
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