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Introduction 

Arizona has suffered relatively modest amounts of damage and destruction resulting from 
earthquake shaking during its historical period. There is cause to be concerned about earthquake 
hazards in Arizona, however. Many earthquakes ranging in magnitude up to about 6 have 
occurred within Arizona, and portions of the State have experienced strong shaking resulting from 
earthquakes that occurred in California and Mexico. Geologic investigations indicate that at least 
20 faults in Arizona have been active in the past 100,000 years, and thus may be considered 
potential sources for large earthquakes. This bibliography represents an attempt to develop a 
reasonably comprehensive list of references pertaining to all aspects of earthquake hazards in 
Arizona. We hope that this bibliography will be useful for planners, engineers, scientists, 
emergency-management officials, and government agencies concerned about earthquake hazards 
in Arizona. In addition to the bibliography, we provide a short summary of seismic hazard in 
Arizona after this introduction. 

This bibliography of earthquake hazards was compiled from a variety of sources. Many 
references were obtained from the publications Bibliography of North American Geology and 
Bibliography and Index of Geology, searching index categories such as Arizona -- maps, 
environmental geology, geologic hazards, seismology, geophysical surveys, structural geology, 
and tectonics. Additional references were taken from bibliographies and publication catalogs of 
the Arizona Geological Survey, from the publications of the Arizona Earthquake Information 
Center at Northern Arizona University, from lists oftheses and dissertations from the University 
of Arizona, Arizona State University, and Northern Arizona University, and from the reference 
lists of other entries. The references listed in this bibliography were compiled in a database 
developed using the Superbase program, version 2.01 (copyright Software Publishing Company, 
1986-1992). The digital bibliographic database, which contains standard bibliographic 
information, keywords, and geographic information, will be released as part of the Arizona 
Geological Survey Digital Information (DI) Series in mid-1994. References in this open-file 
report were extracted from the bibliographic data base. 

References in this bibliography are grouped into nine topical categories to allow users to 
focus on particular areas of interest or concern. These categories are: (1) computer codes or 
files, (2) engineering and seismic design, (3) historical seismicity, (4) late Cenozoic tectonics, (5) 
maps, (6) Quaternary faulting, (7) reservoir-induced seismicity and dam safety, (8) seismic hazard 
assessment, and (9) seismology. References are listed alphabetically within each subject area. 
References that pertain to more than one topic are listed under each category. The bibliography 
also contains selected references on earthquake hazards in adjoining states and northern Mexico, 
as well as some general references on earthquake engineering and design. Although we attempted 
to make this bibliography thorough with regard to Arizona seismic hazard, we recognize that it is 
not completely comprehensive. We therefore welcome any suggested additions to this 
bibliography. 
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A Short Summary of Seismic Hazard in Arizona 

Seismic hazard in Arizona can be considered from the perspective of the distribution and 
size of historical earthquakes or the distribution of potentially active faults that might generate 
large earthquakes but have not ruptured historically. Until quite recently, seismic hazard analysis 
relied almost exclusively on the historical seismic record. In the past several decades, evidence 
has accumulated that most potentially active faults have recurrence intervals (times between major 
fault ruptures) that are much longer than the historical period. Faults may therefore pose a 
significant threat even if they have generated no historical earthquakes. Modern seismic hazard 
analysis integrates both historical seismic activity and paleo seismic information derived from 
geologic investigations of young faults in order to give a fairly complete assessment of the 
potential seismic hazard in a region. 

Historical Seismicity. Arizona has experienced low to moderate levels of seismic activity during 
the past 150 years or so. Generally, earthquake activity has been highest in northern and 
northwestern Arizona and the Yuma area. Some earthquakes have occurred in central, 
southeastern, and northeastern Arizona. Very few earthquakes have occurred in southwestern 
Arizona outside of the Yuma area. The largest historical earthquakes in Arizona (three events 
about magnitude 6) occurred in the Flagstaff - Grand Canyon region in the early 1900's. Each of 
these events was felt widely across northern and central Arizona and caused minor damage. None 
of these earthquakes was clearly associated with a mapped fault, and it is not certain whether 
surface rupture occurred during any of these earthquakes. The largest earthquake recorded by 
relatively modern seismic instruments was a magnitude 5.5 to 5.75 event in 1959 located near 
Fredonia, just south of the Utah border. Many other small to moderate earthquakes have 
occurred in northern Arizona in this century, especially in the Grand Canyon area. 

The greatest amounts of earthquake damage in Arizona have resulted from much larger 
earthquakes that occurred in northern Mexico and southern California. The largest earthquake to 
affect Arizona occurred in 1887 in northeasternmost Sonora, Mexico. This earthquake, with an 
estimated magnitude of about 7 1/4 to 7 1/2, devastated many villages in northern Mexico and 
caused significant damage and destruction of buildings across southeastern Arizona. Large 
earthquakes that have occurred on portions of the San Andreas fault system of southern California 
have caused significant damage in southwestern Arizona. The Yuma - Somerton area 
experienced substantial damage as a result of the magnitude 7.1 Imperial Valley earthquake of 
1940, and lesser damage as a result of the magnitude 7 EI Centro earthquake of 1979. 

The historical seismic record indicates that Arizona is subject to low to moderate seismic 
hazard from earthquakes originating within its borders, but seismic hazard posed by earthquakes 
occurring near Arizona is probably greater. Based solely on the historical record, one would 
conclude that (1) much of Arizona has low seismic hazard; and (2) seismic hazard is highest in the 
Yuma area, north-central and northwestern Arizona, and southeastern Arizona. 

Paleoseismology. Geologic studies of young faults, or paleoseismic investigations, can reveal the 
locations of large prehistoric earthquakes and give us an idea about where they might occur in the 
future. In Arizona, earthquakes larger than about magnitude 6.5 probably rupture the land 
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surface, producing distinct topographic features that may be recognized a hundred thousand years 
or more after the earthquake occurred. Documenting the existence of these topographic features, 
called "fault scarps", identifies which faults have generated large earthquakes in the geologically 
recent past. Detailed studies of these fault scarps may reveal when the latest large earthquake 
occurred on the fault, the approximate size of the earthquake, and how frequently large 
earthquakes occur on the fault. 

Paleoseismic investigations have produced quite a bit of information about the distribution 
of young faults in Arizona and how frequently they generate large earthquakes. There are at least 
23 faults in Arizona that have likely generated large earthquakes in the past 100,000 years, and 
therefore are considered potentially active. Nearly all of these faults are located within a broad 
band stretching from northwest to southeast across the State. The greatest density of potentially 
active faults is found in northwestern and north-central Arizona, a region extending from 
approximately Flagstaff and Prescott to the Utah border. A lesser concentration of potentially 
active faults exists in southeastern Arizona and adjacent portions of New Mexico and Sonora. 
The Yuma area is on the eastern margin of active faults associated with the San Andreas system. 
The most active faults in Arizona are found in the northwestern portion of the State and the Yuma 
area. These faults probably generate large earthquakes on average every 10,000 to 20,000 years. 
Faults in north-central Arizona rupture somewhat less frequently. Very long (100,000+ yrs) 
recurrence intervals are characteristic of faults in central and southern Arizona. Although 
recurrence intervals on individual faults may seem quite long, at least 15 large earthquakes have 
likely occurred within Arizona in the past 20,000 years, and others have occurred immediately 
adjacent to Arizona. 

Paleoseismic investigations indicate that large earthquakes do not occur frequently in 
Arizona, but nonetheless have occurred in many parts of the State in the past few tens of 
thousands of years. Based on geologic information, seismic hazard is highest in the Yuma area 
because of its proximity to the very active San Andreas fault and its subsidiary faults. 
Northwestern and north-central Arizona have moderate seismic hazard, based primarily on the 
large number of potentially active faults. Central and southeastern Arizona have fairly low seismic 
hazard, but large earthquakes are possible in these areas. Seismic hazard from large earthquakes 
is very low in northeastern and southwestern Arizona (excluding the Yuma area). 
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Computer Codes or Files 

Bender, B., and Perkins, D.M., 1987, SEISRISK III: A computer program for seismic hazards estimation: U.S. 
Geological Survey Bulletin 1772, 48 p. 

Corley, W.G., 1986, BSSCINEHRP seismic design program: Proceedings of the 1986 Annual Conference, Western 
States Seismic Policy Council, p. 172-178. 

McGuire, RK., 1976, Fortran computer program for seismic risk analysis: U.S. Geological Survey Open-File 
Report 76-67,93 p. 

National Geophysical and Solar-Terrestrial Data Center, 1981, Earthquake data file printout containing file search: 
Data may be obtained for any geophysical area, time period from the year 1838, magnitude range, and for any 
other parameters covered by the file: National Oceanic and Atmospheric Ac1ministration, Environmental Data 
and Information Service, Boulder, Colorado. 

Engineering and Seismic Design 

AASHTO (American Association of State Highway and Transportation Officials), 1983, Guide specifications for 
seismic design of highway bridges: Washington D.C., AASHTO. 

ANPP (Arizona Nuclear Power Project), 1979, Final Safety Analysis Report, section 2.5: ANPP. 

Aoyama, H., 1981, A method for the evaluation of the seismic capacity of existing reinforced concrete buildings in 
Japan: Bulletin of the New Zealand National Society for Earthquake Engineering, v. 14, no. 3, p. 105-130. 

Applied Technology Council, 1978, ATC 3-06, Tentative provisions for the development of seismic regulations for 
buildings: Applied Technology Council. 

Applied Technology Council, 1984, ATC 3-06, Amended tentative provisions for the development of seismic 
regulations for buildings: Applied Technology Council, second printing. 

Arizona Public Service Company, 1974, Palo Verde Nuclear Generating Station preliminary safety analysis report 
with amendments, v. 2, 3: Arizona Public Service Company. 

Arnold, C., and Reitherman, R, 1982, Building configuration and seismic design: New York, Wiley, 296 p. 

ATC-3 (Applied Technology Council), 1978, Tentative provisions for the development of seismic regulations for 
buildings (ATC 3-06): Washington D.C., National Bureau of Standards Special Publication 510. 

Buckle, lG., 1991, Seismic design criteria for highway bridges: Transportation Research Board Record, no. 1290, 
v. 2, p. 80-94. 

Carder, D.S., 1970, Reservoir loading and local earthquakes, in Adams, W.M, ed., Engineering seismology--the 
works of man: Geological Society of America Engineering Geology Case Histories, no. 8, p. 51-61. 

Corley, W.G., 1986, BSSCINEHRP seismic design program: Proceedings of the 1986 Annual Conference, Western 
States Seismic Policy Council, p. 172-178. 

Cornell, C.A., 1968, Engineering seismic risk analysis: Seismological Society of America Bulletin, v. 58, p. 1583-
1606. 
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Euge, K.M., Lund, W.R., and Scott, J.D., 1978, Geology of the Palo Verde Nuclear Generating Station and 
adjacent areas, Maricopa County, Arizona, in Burt, D.M., and Pewe, T.L., eds., Guidebook to the geology of 
central Arizona; 74th Cordilleran Section Meeting, Geological Society of America, Arizona State University, 
Tempe, Arizona: Arizona Bureau of Geology and Mineral Technology Special Paper No.2, p. 115-131. 

Freeman, K.J., Fuller, S., and Schell, B.A., 1986, The use of surface faults for estimating design earthquakes: 
Bulletin of the Association of Engineering Geologists, v. 23, p. 325-332. 

Haley, S., and Hunt, G., 1974, Determination of design earthquake characteristics: Los Angeles, American Society 
of Civil Engineers, 19 p. 

Henkle, W.R., Jr., 1976, Geology and engineering geology of eastern Flagstaff, Coconino County, Arizona: 
Flagstaff, Northern Arizona University, M.S. thesis, 123 p. 

JABDP (Japan Association for Building Disaster Prevention), 1977, Standard for seismic capacity evaluation of 
existing reinforced concrete buildings: Tokyo, Japan Association for Building Disaster Prevention. 

Jones, B.G., and Lewis, B.D., 1990, Estimating size distributions of building areas for natural hazards 
assessments: Earthquake Spectra, v. 6, no. 3, p. 497-? 

Joyner, W.B., and Boore, D.M., 1988, Measurement, characterization, and prediction of strong ground motion, 
Proceedings, Earthquake engineering and soil dynamics II: Park City, Utah, geotechnical Special Publication no. 
20. 

Kanai, K, 1983, Engineering seismology: Tokyo, University of Tokyo Press, 251 p. 

Okada, T., and Bresler, B., 1976, Strength and ductility evaluation of existing low-rise reinforced concrete 
buildings - screening method: Berkeley, Earthquake Engineering Research Center, College of Engineering, 
University of California. 

Robinson, C.S., and Robinson, C.H., 1992, Engineering geology of the Miner Flat Dam, Navajo County, Arizona: 
Engineering Geology, V. 32, no. 3, p. 185-201. 

Rojahn, c., and Mork, P.N., 1982, An analysis of strong motion data from a severely damaged structure--the 
Imperial County Services Building, E1 Centro, California, in Johnson, C.E., Rojahn, C., and Sharp, R. V., eds., 
The Imperial Valley, California, earthquake of October 15, 1979: U.S. Geological Survey Professional Paper 
1254, p. 273-288. 

SEAOC (Structural Engineering Association of California), 1959-60, Recommended lateral forces requirements 
and commentary: San Francisco, SEAOC, 21 p. 

Seed, H.B., Idriss, I.M., and Kieffer, F.W., 1969, Characteristics of rock motions during earthquakes: Journal of 
the Soil Mechanics and Foundations Division, Proceedings of the American Society of Civil Engineers, p. 1199-
1218. 

Slemmons, D.B., 1982, Determination of design earthquake magnitudes for microzonation: Seattle, Washington, 
Third International Earthquake Microzonation Conference Proceedings, v. 1, p. 119-130. 

Sturm, J.F., 1987, Foundation geology of Theodore Roosevelt Dam (abs.): Geological Society of America Abstracts 
with Programs, v. 19, p. 858. 

Tilford, N.R., 1966, Engineering geology -- Stewart Mountain Dam Site: Tempe, Arizona State University, M.S. 
thesis, 42 p. 
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U.S. Bureau ofReciamation, 1990, Seismotectonic conclusions for final design of Coolidge Dam, Bureau ofIndian 
Affairs, Arizona: Memorandum from Head, Seismotectonics and Geophysics Section, to Chief, Concrete Dams 
Branch, January 24, 1990, 2 p. 

Wakabayashi, M., 1986, Design of earthquake-resistant buildings: New York, McGraw-Hill, 309 p. 

Wosser, T.D., Campi, D.E., and Fovinci, M.A., 1982, Damage to engineered structures in California, in Johnson, 
C.E., Rojahn, C., and Sharp, RV., eds., The Imperial Valley, California, earthquake of October 15, 1979: U.S. 
Geological Survey Professional Paper 1254, p. 273-288. 

Yerkes, RF., and Castle, RO., 1976, Seismicity and faulting attributable to fluid extraction: Engineering Geology, 
v. 10,p. 164 

Youd, L.T., 1986, Geologic effects-liquifaction and associated ground failure: Proceedings of the 1986 Annual 
Conference, Western Seismic Policy Council, p. 8-30. 

Historical Seismicity 

Agnew, D.C., 1978, The 1852 Fort Yuma earthquake, two additional accounts: Seismological Society of America 
Bulletin, v. 68, p. 1761-1762. 

Agnew, D.C., and Sieh, KE., 1978, A documentary study of the felt effects of the great California earthquake of 
1857: Seismological Society of America Bulletin, v. 68, p. 1717-1729. 

Agnew, D.C., Legg, M., and Strand, C., 1979, Earthquake history in San Diego, in Abbott, L., and Elliot, W.J., 
eds., Earthquakes and other perils: Prepared for GSA field trip by San Diego Association of Geologists, San 
Diego State University, p. 123. 

Aguilera, IG., 1888, Translation ofEstudio de los fonomenos seismicos del 3 de Mayo de 1887: Anales del 
Ministerio de Fomento, 10, p. 5-56. (Translation by William Fuente, 1960) 

Arabasz, W.I, and Smith, RB., 1979, Seismicity, tectonics, and crustal structure in Utah: important aspects from 
new data, in Arabasz, W.I, Smith, RB., and Richins, W.D., eds., Earthquake studies in Utah 1850 to 1978: Salt 
Lake City, Utah, University of Utah Seismograph Stations, Department of Geology and Geophysics, p. 395-408. 

Arabasz, W.I, and Smith, RB., 1979, The November 1971 earthquake swarm near Cedar City, Utah, in Arabasz, 
W.I, Smith, RB., and Richins, W.D., eds., Earthquake studies in Utah 1850 to 1978: Salt Lake City, Utah, 
University of Utah Seismograph Stations, Department of Geology and Geophysics, p. 423-432. 

Arabasz, W.I, Smith, RB., and Richins, W.D., 1980, Earthquake studies along the Wasatch Front, Utah: network 
monitoring, seismicity, and seismic hazards: Seismological Society of America Bulletin, v. 70, no. 5, p. 1479-
1499. 

Askew, B., and Algermissen, S.T., 1983, An earthquake catalog for the Basin and Range province, 1803-1977: 
U.S. Geological Survey Open File Report 83-86, 42 p. 

Balderman, M.A., Johnson, c.A., Miller, D.G., and Schmidt, D.L., 1978, The 1852 Fort Yuma earthquake: 
Seismological Society of America Bulletin, v. 68, p. 699-710. 

Bausch, D., 1988, Earthquake hazard evaluation: Phoenix, Arizona, Maricopa County: Flagstaff, Arizona 
Earthquake Information Center, Northern Arizona University, 30 p. 
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Bausch, D., 1989, Grand Canyon earthquake swann, September 1988: Arizona Geology, v. 19, no. 1, p. 9-10. 

Beal, C.H., 1915, The earthquake in the Imperial Valley, California, June 22, 1915: Seismological Society of 
America Bulletin, v. 5, p. 130-149. 

Beus, S.S., and Morales, M., eds., 1990, Grand Canyon geology: New York, Oxford University Press, 518 p. 

Brumbaugh, D.S., 1980, Analysis of the Williams, Arizona earthquake of November 4,1971: Seismological 
Society of America Bulletin, v. 70, p. 883-891. 

Brumbaugh, D.S., 1984, A report on the Flagstaff, Arizona, earthquake of6 December 1981: Seismological 
Society of America Bulletin, v. 74, p. 2041-2044. 

Brumbaugh, D.S., 1986, A comparison of seismic patterns in northern Arizona to regional lineament systems 
(abs.): Geological Society of America, Rocky Mountain Section, 39th Annual Meeting, p. 344. 

Brumbaugh, D.S., 1986, Arizona earthquake information center; 1986 activity summary: Fieldnotes [Arizona 
Bureau of Geology and Mineral Technology], v. 16, n. 4, p. 7. 

Brumbaugh, D.S., 1986, Historic seismicity in northern Arizona and some tectonic implications (abs.): Eos 
(American Geophysical Union, Transactions), v. 67, p. 1226. 

Brumbaugh, D.S., 1988, A comparative study of two Arizona earthquakes; August 18, 1912, and July 21, 1959 
(abs.): Eos (American Geophysical Union, Transactions), v. 69, no. 44, p. 1311-1312 

Brumbaugh, D.S., 1988, Earthquake sequences on the Colorado Plateau of Arizona [abs.J: Arizona-Nevada 
Academy of Science, Journal, v. 23, Proceedings Supplement, p. 39. 

Brumbaugh, D.S., 1989, A comparison of duration magnitude to local magnitude for seismic events recorded in 
northern Arizona: Journal Arizona-Nevada Academy Science, v. 23, p. 29-31. 

Brumbaugh, D.S., 1989, Summary of earthquake activity in Arizona for 1988: Arizona Geology, v. 19, no. 1, p. 8. 

Brumbaugh, D.S., 1990, Depth of the Fredonia, Arizona, earthquakes of 15 February 1962: Seismological Society 
of America Bulletin, v. 80, no. 6, p. 1762-1764. 

Brumbaugh, D.S., 1990, Earthquakes and seismicity of the Grand Canyon region, in Bues, S.S., ed., Grand 
Canyon geology: New York, N.Y., Oxford University Press, p. 435-442. 

Brumbaugh, D.S., 1990, Northern Arizona, in Summary of earthquake activity in Arizona for 1989: Arizona 
Geology, v. 20, p. 6, 7. 

Brumbaugh, D.S., 1991, Instrumental magnitudes of early Arizona earthquakes: Seismological Research Letters, v. 
62, p. 51. 

Brumbaugh, D.S., Davis, J., and Roberts, L., 1987, A report on earthquake activity recorded at station Flagstaff in 
1984: Arizona Bureau of Geology and Mineral Technology, Open-File Report 87-12,40 p. 

Brune, IN., 1968, Seismic moment, seismicity and rate of slip along major fault zones: Journal of Geophysical 
Research, v. 75, p. 777-784. 

Buwalda, J.P., and Richter, C.F., 1941, Imperial Valley Earthquake of May 18, 1940: Geological Society of 
America Abstracts, v. 52, p. 1944-1945. 
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Coffman, J.L., 1979, Earthquake history of the U.S., 1971-76 supplement: U.S. Department of Commerce and 
National Oceanic and Atmospheric Administration, Pub. 41-1, 41 p. 

Coffman, J.L., and Von Hake, C.A, 1973, Earthquake history of the U.S., revised edition: U.S. Department of 
Commerce and National Oceanic and Atmospheric Administration, Pub. 41-1, 208 p. . 

Construction Engineering Research Laboratory, 1975, Catalog of historical U. S. earthquakes, in Guidelines for 
developing design earthquake response spectra, Appendix A: U.S. Geological Survey Technical Report M-114, 
microfilm. 

Crowell, J.C., ed., 1975, San Andreas fault in southern California: California Division of Mines and Geology 
Special Report 118, 272 p. 

DuBois, S.M, and Sbar, M.L., 1980, The 1887 earthquake in Sonora; analysis ofregional ground shaking and 
ground failure, in Hays, W.W., ed., Evaluation of regional seismic hazards and risks: U.S. Geological Survey 
Open File Report 81-01137, p. 124-136. 

DuBois, S.M., 1979, Earthquakes: Fieldnotes [Arizona Bureau of Geology and Mineral Technology], v. 9, no. 1, p. 
1-9. 

DuBois, S.M., and Sbar, M.L., 1979, The northern Sonoran earthquake of 1887; hazard implications for Arizona 
(abs.): Geological Society of America Abstracts with Programs, v. 11, no. 7, p. 416. 

DuBois, S.M., and Smith, AW., 1980, Earthquakes causing damage in Arizona: Fieldnotes [Arizona Bureau of 
Geology and Mineral Technology], v. 10, no. 3, p. 4-6. 

DuBois, S.M., and Smith, A W., 1980, The 1887 earthquake in San Bernardino Valley, Sonora; historic accounts 
and intensity patterns in Arizona: Arizona Bureau of Geology and Mineral Technology Special Paper No.3, 112 
p. 

DuBois, S.M., Nowak, T.A, Smith, AW., and Nye, N.K., 1982, Historical epicenters in Arizona 1830-1980: 
Arizona Geological Survey Map M-16, 1 sheet, scale 1:1,000,000. [Accompanies DuBois et al. (1982), Arizona 
Bureau of Geology and Mineral Technology Bulletin 193] 

DuBois, S.M., Sbar, M.L., and Nowak, T.A, Jr., 1981, Interpretation of historical earthquakes in Arizona, final 
report, sponsored by the U.S. Geological Survey, contract no. 14-08-0001-18396, University of Arizona: 
University of Arizona, unpublished manuscript, 199 p. 

DuBois, S.M., Sbar, M.L., and Nowak, T.A, Jr., 1982, Historical seismicity in Arizona, final report, September 1, 
1979 - July 31, 1981: Arizona Bureau of Geology and Mineral Technology Open-File Report 82-2, 199 p. 

Dubois, S.M., Sbar, M.L., and Nowak, T.A, Jr., 1982, Seismic activity in Arizona, 1830-1980 [abs.]: Geological 
Society of America Abstracts with Programs, v. 14, no. 7, p. 478. 

DuBois, S.M., Smith, AW., Nye, N.K., and Nowak, T.A, Jr., 1982, Arizona earthquakes, 1776-1980: Arizona 
Bureau of Geology and Mineral Technology Bulletin 193, 456 p., 1 sheet, scale 1:1,000,000. 

Eberhart-Phillips, D., Richardson, R.M., Sbar, M.L., and Herrmann, R.B., 1981, Analysis of the 4 February 1976 
Chino Valley, Arizona, earthquake: Seismological Society of America Bulletin, v. 71, no. 3, p. 787-801 

Eberhart-Phillips, D.M., 1980, Analysis of the 4 February 1976 Chino Valley, Arizona earthquake: Tucson, 
University of Arizona, M.S. thesis, 49 p. 
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