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BIBLIOGRAPHY ON ARIZONA EARTH FISSURES AND RELATED SUBSIDENCE, 
WITH SELECTED REFERENCES FOR OTHER AREAS 

Since earth fissures were first discovered in south-central Arizona in the late 1920's (Seismological 
Society of America, 1927), they have been investigated by many workers, who have offered several 
theories to explain their cause. When the Arizona Geological Survey (AZGS) began to examine earth 
fissures in 1988, no comprehensive list of pertinent references was available. AZGS and other active 
investigators regularly receive requests from agencies and individuals for sources of information about 
land subsidence (sinking of the ground surface) and earth cracks or fissures. This bibliography serves as 
a starting point for those who need such information. The first section of the bibliography consists of 
references that pertain to land subsidence and/or earth fissures in Arizona. The second section includes 
selected references that deal with locations outside Arizona. 

Land subsidence is occurring in many parts of the world. It has affected more than 7,770 km2 (3,000 
mi2) in Arizona. In California's San Joaquin Valley (one of several portions of the state that have 
experienced or are experiencing subsidence) more than 13,470 km2 (5,200 mi2) have sunken, prompting 
Ireland and others (1984) to call it, " ... probably ... one of the greatest single manmade alterations in the 
configuration of the Earth's surface in the history of man." Land subsidence has caused considerable 
damage to engineering structures. More will occur. The hazard is of major concern in Arizona because 
the majority of our citizens and commercial agricultural operations are in regions of on-going or 
potential subsidence. 

The following locations, grouped by state or country, have suffered costly damage from land subsidence: 
1) Eloy-Picacho area, Arizona; 2) Wilmington, Lancaster area, Santa Clara Valley, San Joaquin Valley, 
Sacramento Valley, and San Jacinto Valley, California; 3) Las Vegas Valley, Nevada; 4) Raft River Valley, 
Idaho; 5) Galveston and Houston, Texas; 6) Baton Rouge and New Orleans, Louisiana; 7) Savannah, 
Georgia; 8) Denver, Colorado; 9) Osaka, Tokyo, and Honshu, Japan; 10) Mexico City, Mexico; 11) Venice, 
Italy; 12) Shanghai, Peoples' Republic of China; 13) London, United Kingdom; and 14) Taipei Basin, 
Taiwan. 

Many human-induced and natural processes give rise to land subsidence. The most common are: 1) 
withdrawal of subsurface fluids (including water, petroleum, natural gas, geothermal brine, and others); 
2) underground mining; 3) sink-hole formation; 4) dissolving of limestone, evaporites, and other soluble 
sedimentary rocks; 5) tectonic forces; 6) hydro compaction of moisture-deficient deposits above the water 
table; 7) oxidation of peat and other organic soils; and 8) liquefaction. 

This bibliography focuses on subsidence resulting from ground-water removal. As water is pumped from 
wells, interstices between unconsolidated aquifer sediment grains are drained, which decreases hydraulic 
pressure (neutral stress) and increases effective stress. The sediment grains adopt a more tightly packed 
configuration as the aquifer is compressed into a smaller volume. The land surface subsides in response 
to decreased aquifer volume at depth. Greater subsidence occurs in certain portions of a region, as 
dictated by a number of variables. Differential subsidence gives rise to horizontal stress, and earth 
fissures form where horizontal stress exceeds sediment tensile strength. Earth fissures are open surficial 
tension cracks in unconsolidated and semiconsolidated sediments that may exhibit vertical and/or 
horizontal displacement. Earth fissures caused by human-induced land subsidence have occurred in 
Arizona, California, Nevada, Utah, Idaho, Wyoming, New Mexico, Peoples Republic of China, Japan, 
Mexico, and probably in other locations. 

The bibliography is divided into two sections: The first section is intended to be an exhaustive list of 
published works on land subsidence and earth fissures in Arizona; however many unpublished and obscure 
reports are not included. The second section, which pertains to land subsidence in locations outside 
Arizona, is not intended to be complete because the available literature is voluminous and many 



overlapping areas of investigation make it hard to draw the line between appropriate and irrelevant 
references. Some of the papers that are included in the Arizona section are also of interest to 
investigators studying other parts of the world. 

To make it useful to the greatest possible number of investigators, the bibliography is available as a 
printed document or on computer floppy diskette. It may be purchased as either a 3 112-inch or 5 114-
inch high-density diskette. On each diskette, the information is stored in the following formats: 1) as 
a DOS-text file titled FISBIB.TXT; 2) as a Word Perfect 4.2 file titled FISBIB.WPF; 3) as a dBase IV file 
titled FISBIB.DBF; and, 4) as a Toolbook (for Windows 3.0) file titled FISBIB.TBK. This introductory 
statement is contained in a separate DOS-text file titled README. TXT. 

This document was compiled in 1990. The AZGS will update the bibliography every year. Please send 
complete citations of additional pertinent reports to: Arizona Geological Survey, 845 N. Park Avenue, 
Tucson, AZ 85719, Attention: Subsidence/Fissure Bibliography. 

Scientists, economists, planners, politicians, and others from around the world will gather in Houston, 
Texas in May 1991 for the Fourth International Symposium on Land Subsidence. One section of the 
meeting will concentrate solely on earth fissures. The proceedings volume resulting from the symposium 
(expected to be published in 1991 or 1992) will be a valuable addition to the available literature. 

Several individuals contributed to the compilation of the bibliography. They include Mike Carpenter, 
Stan Leake, Don Pool, and Herb Schumann (U.S. Geological Survey Water Resources Division); Bill 
Haneberg (New Mexico Bureau of Mines & Mineral Resources); John Sandoval (U.S. Bureau of 
Reclamation); Don Helm and John Bell (Nevada Bureau of Mines and Geology); Troy Pewe (Arizona State 
University); and Stan Davis (University of Arizona). Their help is much appreciated. This project was 
partially funded by the U.S. Bureau of Reclamation. 
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