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INTRODUCTION 

Subsidence, the gradual settling or sinking of the earth's sur- 
face, is occurring in many areas of Arizona as a result of declining 
ground-water levels. Rates of subsidence have exceeded 0.6 foot per 
year and earth fissures, or cracks in the earth's surface, are proliferat- 
ing (Figures 1, 2, and 3). In some areas, the total amount of subsi- 
dence has increased from 12.5 feet, measured in 1977, to about 16 
feet. 

Subsidence can be caused by natural geologic processes or by 
by Carl C. Winikka man's activities, such as the removal of subsurface fluids. In Arizona, 
Assistant State Engineer subsidence is mostly due to large-scale withdrawal of ground water 

Arizona Department of Transportation from subsurface reservoirs. The fluid pressure of ground water par- 
tially supports the material above. As the water is pumped out, that 
suwort is lost, causina com~action of the grains of earth material 
anb' lowering, or subsidknce, of the earth's crust. 

Earth fissures usually form around the margins of subsiding 
areas and may be related to distribution and thickness of basin-fill 
sands and gravels, buried bedrock topography, or other factors. It is 
not possible to predict specifically where fissures will form. It may be 
possible, however, to identify zones where fissures might form. 

Land-elevation changes caused by subsidence can .be deter- 
mined by repeated, precise, survey leveling to fixed reference points 
or bench marks. Bench marks are usually brass caps encased in 
concrete and set a few inches above the ground surface. Precise 
surveys determine elevations of bench marks within the subsiding 
area by comparing them with stable bench marks set in bedrock 
near the subsiding area. Reference bench marks must remain stable 
to provide an accurate, common base for all measurements; there- 
fore, they are located in bedrock. 

Problems related to subsidence, especially differential subsi- 
dence and the formation of earth fissures, have been known for 
years. The issue itself is complex; numerous papers have been pub- 
lished to explain causes, identify problems, and offer solutions. A list 
of papers that describe specific subsidence areas and problems in 
Arizona is included at the end of this article. 

It is not the purpose of this article to summarize or describe the 
extent of subsidence throughout Arizona, although a plan for 
monitoring subsidence in the State is discussed. This article does, 
however, describe the results of the National Geodetic Survey (NGS) 
precise leveling conducted in the Phoenix metropolitan area from 
1980 through 1981 (Winikka, 1981). It also identifies subsidence areas 
and discusses uses of the NGS level datum. 

THE PHOENIX AREA 
The NGS Level Line 

The 1980-81 NGS retracement of the 1967 NGS level line in 
Arizona was done as a segment of the current network of NGS 
transcontinental leveling, which extends through all States from coast 
to coast. In the Phoenix area, where several subsidence areas were 
crossed, numerous new bench marks were established in bedrock to 
Dreserve the ~recise leveling results. Consequentlv, more convenient 

Figure 1. Giant earth fissure near Chandler Heights, Arizona. Earth fissures begin Stable elevati&,s are now to all pa;ticularly those who 
as tiny cracks, but become enlarged by water erosion and collapse of adjacent soils. 
This fissure is related to subsidence due to ground-water withdrawal. Photo taken on or subsidence. The 1980-81 NGS leveling identified 
October 21, 1983 by Larry D. Fellows. and measured subsidence that had occurred since 1967. 








