EARTH FISSURES AND LAND SUBSIDENCE,
EASTERN MARICOPA AND NORTHERN PINAL COUNTIES, ARIZONA

by
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Arizona Dept. of Transportation
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INTRODUCTION
In 1975 about 5.5 million acre-feet of ground water was have damaged roads, streets, railroads, a reservoir, canals,

pumped from the permeable alluvial deposits in the Basin irrigation-distribution systems, wells, and farmland and
and Range Physiographic Province of Arizona. About 159 have caused the rerouting of a major aqueduct. These pro-
million acre-feet of ground water has been withdrawn from cesses are continuing.
this area since about 1900. Withdrawals of ground water
greatly have exceeded the amount of natural recharge; FIELD TRIP
therefore, the water came mainly from storage, and in effect This field trip was designed to show examples of earth
was mined as a nonrenewable resource. As water levels fissures in known areas of water-table decline and land sub-
declined the dewatered part of the alluvial deposits were sidence. Locations were selected to provide a convenient
subjected to stress, the land surface subsided and earth fis- day’s excursion from Tempe (fig. 2). The trip assembly
sures developed (fig. 1). Land subsidence and earth fissures point is Arizona State University in Tempe.
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Figure 1. Map showing distribution of Arizona earth fissures.
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Figure 2. Map showing location of stops on field trip.
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The field trip will traverse an area of broad, gently slop-
ing plains that are partly surrounded by low, abruptly rising
mountain ranges. Altitudes of the plains range from 1,100
to 1,500 feet and that of the mountains from 1,300 to 3,000
feet. The plains are underlain to a depth of a few thousand
feet by alluvial deposits that consist of unconsolidated to
semiconsolidated clay, silt, sand, and gravel. The upper
1,200 feet of the allvial deposits contain most of the recov-
erable ground water. The mountains consist of gneiss,
schist, and granite, and compared to the alluvial deposits,
are relatively impermeable.

The route leads south across agricultural land to the
Chandler Heights area on the north side of the San Tan
Mountains. In this area the water table has declined as much
as 400 feet since 1923 and the land surface subsided 3 to 5
feet from 1948 to 1967 (Schumann, 1974). Stops will be
made to provide an opportunity to examine and discuss
numerous well-developed, erosionally-enlarged earth fis-
sures, which we refer to as fissure-gullies (U.S. Geological
Survey, unpublished manuscript). Some of the fissure-
gullies have as much as 1.5 feet of vertical offset. The route
continues south to an area northeast of Casa Grande and
south of the Sacaton Mountains. The water in this area has
declined about 150 feet since 1923, and the land surface has
subsided about 2 feet since 1962. Earth fissures in a residen-
tial area and a protruding well casing will be seen. The
return route to Tempe will be via the Gila River Indian
Reservation and will include a stop at their art and craft
shop and museum. The field trip will end at the ASU cam-
pus in Tempe.
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ROAD LOG

Persons following this road log are advised to obtain
permission of landowners prior to entering areas described
in this guide book. Fissure-gullies are unstable and hazard-
ous; and watch your step while in the vicinity.

MILES
Interval  Total
0.0 0.0 Earth fissure tour mileage begins at ASU

(University and Mill Avenue) and follows
Mill Avenue south to the Superstition Free-
way, west on the Superstition Freeway to
I-10, then south on I-10 to the Riggs Road
interchange.

16.0 16.0 Turn east on Riggs Road. Note ground
water pumps along Riggs Road.

Sun Lakes development south of Riggs
Road

Turn north on State Highway 87 for 1 mile.
Turn east on Chandler Heights Road.

Road crosses flood control channel.

Turn south on Higley Road.

2.3 183

2.5 20.8
1.0 21.8
6.0 27.8
1.0 28.8

1.6 304 STOP 1. At this location a relatively short
fissure-gully extends westward from the road
in a direction approximately normal to the
drainage. Although the fissure is about
2,000 feet from rock exposures in the moun-
tains, recent geophysical data indicate that
the alluvium here is only 150 to 200 feet
thick (Jennings, 1977). In April, 1977, only
a small amount of surface runoff had been
captured by this fissure. As a result, only a
small, discontinuous gully 1 to 3 feet deep
had been eroded along the fissure in-
terspersed with bridges of undisturbed mate-
rial (fig. 3).

Turn east on Hunt Highway.

Figure 3. Line of holes along the trace of earth fissure at STOP 1.
Note interconnecting tunnel by meter stick.




STOP 2. Here a complex of fissure-gullies
surrounds the metamorphic rock knob on the
north, east, and west sides (fig. 4). Vertical
displacement is present along the two paral-
lel fissure-gullies on the north side and has
broken and tilted a concrete-lined ditch. The
area between these gullies is displaced
downward like a graben. Maximum dis-
placement on the fissure-gully nearest Hunt
Highway was more than 1.5 feet in April,
1977 (fig. S). The fissure-gully on the basin
side had less displacement. Near the orchard
to the east, the vertical displacement and the
surface evidence of the fissures was discon-
tinuous. In places where the fissures ex-
tended. to the surface, displacement of up to
6 inches was observed, but intervening areas
had no apparent displacement. North-
trending, nearly parallel fissure-gullies flank
the bedrock knob on the east. One of these
fissure-gullies had up to 0.5 foot of dis-
placement in April, 1977. The east side was
down with respect to the western side. In
places the surface material had a coarser tex-
ture on the west side.

The fissure-gully on the west side of the
knob is discontinuous. No displacement and
little erosion was observed along this
fissure-gully in April, 1977.
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Figure 4. Aerial view of fissure gullies
at STOP 2. Note influence of rock
knob on the location and pattern of
these gullies.

The orientation of these fissures close to
and surrounding a bedrock knob may be re-
lated to the forming mechanism. Displace-
ment along the fissure-gullies appears to
have occurred mostly since the summer of
1976 (Mark Jennings, oral communication).
At that time no displacement was evident on
the fissure-gully on the east side of the knob
and only a small amount was present on the
fissure-gully near the Hunt Highway.

Turn around and drive west on Hunt High-
way for 2.8 miles.

STOP 3. A fissure-gully crosses Hunt
Highway here, but is not readily evident
from the road. Prominent features of the
fissure-gully can be seen both to the north
and south of Hunt Highway. The side road
to the north provides easy access to the
fissure-gully.

This wide, deep fissure-gully runs parallel
to the drainage which probably accounts for
the extensive erosion along it (fig. 6), and is
the largest in depth and width yet observed in
Arizona. It was observed during a cloud
burst in the early 1960’s completely filled by
rushing water (G. D. Ford, oral communica-
tion). Notice the parallel cracks and slump
structures along the sides. Several cycles of
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Interleaf. A large earthcrack located on the south side of Chandler Heights on Hunt Road, 1% miles east of Powers Road on the boundary
between Maricopa and Pinal counties. Earthcracks are caused by land subsidence, the result of groundwater withdrawal. The Santan
Mountains are in the background. The crack is open to a depth of at Jefﬁ-stﬁﬁ'idét (Photog
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Figure 5. Offset along fissure gully at
STOP 2. Stick is 1 meter long.

3.1 427
20 447
7.0 51.7
7.9 59.6

19.2 78.8

2.5 813

0.0 81.3

:E : - - ' 0.5 81.8
Figure 6. Deep fissure gully at STOP 3. This fissure gully is parallel 4.0 85.8
to the natural drainage and has captured the runoff from a consider- ' :

able area. 1.0 86.8
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erosion and deposition are evident in the m
gully along this fissure.
Turn north on Higley Road. Eﬂ
Turn west on Chandler Heights Road.
Turn south on State Route 87. i
Turn from State 87 southeast along Interstate |
10.

Turn east on State 287 from Interstate 10
Interchange. d

STOP 4. A well casing on the north side of
the road protruding about 1 foot above the =
ground surface (fig. 7) is obvious evidence

of land subsidence that has taken place in
this basin. Since the well was about 400 feet
deep when originally drilled in 1955, at least

1 foot of the consolidation took place in that
interval. Two miles west of here, measured
land subsidence between 1962 and 1977 was
about 1.2 feet. The maximum measured sub- [
sidence in Arizona is 12.5 feet from 1952 to
1977 in the Eloy vicinity south of here. Re-
cords from a compaction recorder at Eloy
indicate that consolidation of material penet-
rated by an 830-foot-deep well account for
about 65 percent of the land subsidence.
Turn around and drive west on State 287.
Turn north on Overfield Road.

Turn west on McCartney Road.

Turn north on Sunland Gin Road.
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0.6 87.7
0.3 88.0

Figure 7. Extruded well casing at STOP 4. The bottom of the concrete pad is 12 inches above the ground surface.

STOP 5. This fissure-gully is one of several
discovered in 1975 in this area. Note the
luxuriant growth of the creosote bushes
along both sides of the fissure-gully and note
that headward erosion has developed on the
upslope side. At the ends of the fissure-
gully, the trace of the fissure is marked by a
hairline crack or a line of holes.

Turn west from Sunland Gin Road onto
Woodruff Road. Road curves gradually
from a westerly direction to a northerly di-
rection around a low rocky hill, and then
turns sharply to the west. Approximately
300 feet west of this turn is the next stop.

STOP 6. At this stop we will not leave the
bus. The fissure-gully visible on both sides
of the road extends about 0.5 miles north-
ward, nearly to the base of the mountains. In
February, 1976, the fissure-gully had not
reached the road but by October, 1976, it
had crossed the road, heading toward the de-
veloping area.
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0.7 88.7
1.0 89.7
0.7 90.4
35.8 126.2

4.0 130.2

Turn south on Cox Road.

Turn west on McCartney Road.

Turn onto Interstate 10 (west) to Phoenix.
Follow Interstate 10 to Superstition Freeway
(State 360). Turn east on Superstition Free-
way for 1.5 miles then north on Mill Avenue
for 2.5 miles to University Drive and ASU.
ASU campus. End of trip.




Interleaf. Dr. Donal M. Ragan and Ms. Susan Anderson taking initial measurements between nails driven into asphalt at corner of 76th
Street and Albany Street. Graded quarter section is in background, to west. The subsidence crack had broken the pavement on the
previous day, at the same time that it had reopened in the graded area. Pavement had apparently been broken and patched along the same
path before. (Photograph No. 3214 taken October 1, 1971 by Troy L. Péwé.)
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