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EARTH FISSURES AND LAND SUBS 
by Michael K. Larson and Troy L. Pe'we' 

INTRODUCTION 

Earth fissures-long, narrow, eroded tension cracks as- 
sociated with land subsidence caused by ground-water 
withdrawal-have formed during the past 50 years in 
alluvial basins of southern and south-central Arizona 
(Leonard, 1929; Schumann, 1974; Laney, Raymond, and 
Winikka, C.W., 1978; Peirce, 1979; Jachens and Holzer, 
1982). Until recently, the fissure hazard has been confined 
to outlying agricultural areas. In January 1980 a 400-foot- 
long fissure opened in Paradise Valley at a residential 
construction site of northeast Phoenix. This fissure i s  the 
first known occurrence in a densely populated, non- 
agricultural area of the state, and the first in the city of 
Phoenix. 

Land subsidence and earth fissures pose serious prob- 
lems for urban areas, with the potential for widespread 
damage to manmade structures. Well failure i s  a dramatic 
manifestation of subsidence as the casing collapses or the 
well head protrudes above the ground. Canals designed for 
gravity flow may overflow as a result of local sags and 
gradient reversals. Water and sewer mains that also depend 
on gravity flow may reverse flow or clog, and in extreme 
cases rupture, because of altered gradients. Subsidence 
may also necessitate new designs of storm drainage sys- 
tems, and expensive, repeated levelings of benchmarks, 
resulting in obsolete surveying data. Fissures may directly 
damage buildings, roads, and other architectural struc- 
tures. However, even without ground failure, differential 
subsidence in and of itself may cause damage to structures 
large in area or height. 

Our recently completed study (P6w15 and Larson, 1982) 
outlines in detail the problems of ground-water withdrawal, 
land subsidence, and earth fissuring in northeast Phoenix 
(Figure 1). The research consisted of a detailed gravity 
survey supplemented by geologic mapping, precise, re- 
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Figure 1. Map of Paradise Valley with study area outlined. 

peated land surveying, and interpretation of well records. 
The city of Phoenix Engineering Department has provided 
logistical support, partial funding for the project, and has 
published the final report. 

THE PHOENIX FISSURE I 
The fissure at 40th Street and Lupine Avenue opened 400 I 

feet in an east-west direction, marked by hairline cracks, 
small open holes, and a linear opening 15 feet long, and as 
much as 8 feet deep and 15 inches wide (Figure 2). No 
vertical offset was observed; the fissure appeared to be an 
example of a tensional break. The crack appeared after 
locally heavy rains on the weekend of January 19, 1980. 
Such fissures have been commonly reported after rain 
showers or application of irrigation water, apparently 
because the cracks first open below the surface, only to be 
eroded later by downward percolation of the surface 
water. At the 40th Street construction site, the overlying soil 
cover had been scraped off, exposing the subterranean 
crack, and the collecting of rainwater in a retention basin 
eroded the large main cavity. The temporary halting of 
construction, modification of plans, hiring of consultants, 
and other expenses incurred as a result of the fissure are 
estimated by the owners of the subdivision to have cost 
them approximately $500,000. 

HISTORY OF GROUNDWATER DEVELOPMENT 
AND LAND SUBSIDENCE 

Water levels remained nearly constant in the study area 
I 

prior to about 1950,generally within 250feet of the surface. 
Increased pumpage in relatively unproductive aquifers has 
caused rapid water-level decline, particularly in two areas 
where ground-water has dropped more than 300feet from 
its original level. These "cones of depression"are centered 
halfway between Greenway and Bell Roads at 44th Street 
and near 56th Street and Thunderbird Road. Withdrawals 
of ground water are many times the natural recharge rate, 
and this overdraft has resulted in depletion of thin aquifers 
peripheral to the mountains, and loss of supply to shallow 
wells. More wells will certainly become dry as pumping in 
the area continues. 

Since the mid-50s, water levels have declined, resulting 
in current water depths of more than 500 feet. Subsidence 
apparently began about a decade later in the vicinity of I 
52nd Street and Thunderbird Road after water levels 
declined from 100 feet to 150 feet. Since 1970 the subsi- 
dence bowl has increased in size at an average rate of two 
square miles per year, with early expansion predominantly 
in a westerly direction, and more recent expansion toward 
the north and east. 

As of March 1982, the maximum subsidence measured 
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was 3.44 feet at 56th Street and Thunderbird Road 
(Figure 3), near the center of the southern cone of water- 
level depression. At the assumed center of the subsidence 
area (or subsidence "bowl") 0.5 miles to the southwest 
(Figure 3), there i s  indirect evidence from topographic and 
land survey data for as much as 5 feet of subsidence. 
Harmon (1982) noted that the subsidence rate has in- 
creased to the south, particularly at 56th Street and Cactus 
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