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INTRODUCTION 

This bulletin, a supplement to Arizona Bureau of Mine s Bul­
letin 173, presents a comprehensive listing of the literature on 
the geology and mineral resources of Arizona released since 
January, 1965, through December, 1970. 

In compiling the list, the authors have used freely the sev­
eral bibliographies of North American geology, issued as bul­
letins by the U. S. Geological Survey, and the U. S. Bureau of 
Mines List of Publications. In addition, many serials and irreg­
ularly issued publications have been examined and applicable ar­
ticles noted. 

In departure from the procedure frequently followed in the 
preparation of bibliographies, the authors have not restricted 
the listing to published items. Thus, many theses and open-file 
reports have been included because, even though they may not be 
readily available, often they represent the ouly source of data 
on a particular area or problem. 

The usefulness of a bibliography is directly dependent upon 
the care with which the index is prepared. For this reason, con­
siderable space has been devoted to a thoroughiy cross-refer­
enced index which is divided into several main headings that are 
felt to be particularly applicable to Arizona. Therefore, a short 
time spent in becoming familiar with the organization of the in­
dex should greatly increase the value of the bibliography to the 
reader. 

The authors are grateful to our colleagues and staff members 
of the Bureau who have helped in the compilation of data or who 
have contributed their technical assistance in the preparation of 
the manuscript. 

Special thanks are due Mrs. Judy Friedrichs who not only 
typed the printed text, but slso ably assisted in the editing and 
proof reading. 

A number of abbreviations are used in citing the references 
to the serial publications given in the bibliography and the fol­
lowing list defines these abbreviations: 
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AAPG Bull. - American Association of Petroleum Geologists 
Bulletin. Tulsa, Oklahoma. 

AIME Bull. ; Soc. Min. Engr. Preprlnt; Trans. - American In­
stitute of Mining, Metallurgical, and Petroleum Engineers 
Bulletin; Society of Mining Engineers Preprlnt; Transac­
tions. New York, New York. 

Alberta Soc. Pet. Geol. - Alberta Society of Petroleum Geol­
ogists. Calgary, Alberta. 

Am. Antiquity - American Antiquity. Society for American Ar­
cheology. Washington, D. C. 

Am. Assoc. Adv. Sci. Proc. - American Association for the 
Advancement of Science Proceedings. Washington, D. C. 

Am. Assoc. Stratig. Palynologists - American Association of 
Stratigraphic Palynologists. 

Am. Geophys. Union Trans.; Monograph - American Geophysical 
Union Transactions; Monograph. Washington. D. C. 

Am. Jour. Botany-AmericanJournalof Botany. BotanicalSoci­
ety of America. Baltimore, Maryland. 

Am. Jour. Sci. - American Journal of Science. New Haven, 
Connecticut. 

Am. Mineral. - American Mineralogist. Mineralogical Society of 
America. Washington, D. C. 

Am. Mus. Novitates -American Museum Novitates. American 
Museum of Natural History. New York, New York. 

Am. Soc. Agr. Engr. Trans. -American Society of Agricultural 
Engineers Transactions. 

Am. Soc. Civil Engr. Proc. - American Society of Civil En­
gineers Proceedings. New York, New York. 

Am. Soc. Testing and Materials Sp. Tech. Pub. - American 
Society for Testing and Materials SpeCial Technical Pub­
lication. Philadelphia. Pennsylvania. 

Am. WaterWorks Assoc. Jour. -American Water Works Asso­
ciation Journal. Birmingham. Alabama. 

Annali Geofisica-Annali Geofisica. Rome, Italy. 
Annals. Assoc. Am. Geographers - Annals of the Association of 

American Geographers. Washington, D. C. 
Appl. Spectroscopy-Applied Spectroscopy. Society for Applied 

Spectroscopy. American Institute of Physics. New York, 
New York. 

Ariz. Acad. Sci. Jour. - Arizona Academy of Science Journal. 
Arizona Stste University. Tempe, Arizona. 

Ariz. Atomic Energy Comm. - Arizona Atomic Energy Commis­
sion. Phoenix, Arizona. 

Ariz. Caver -Arizona Caver. UAAC Grotto, National Speleo­
logical Society, Tucson, Arizona. 

Ariz. Dept. Miner. Res. - Arizona Department of Mineral Re­
sources. Phoenix, Arizona. 
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Ariz. Geol. Soc. Dig. ; S. Ariz. Guidebook - Arizona Geological 
Society Digest; Southern Arizona Guidebook. Tucson, Ari­
zona. 

Ariz. Highways -Arizona Highways. Arizona Highway Depart­
ment. Phoenix, Arizona. 

Ariz. Interstate Stream Comm. Rep. - Arizona Interstate Stream 
Commission Report. Phoenix, Arizona. 

Ariz. State Land Dept. Water Res. Rep. - Arizona State Land 
Department Water Resources Report. Phoenix, Arizona. 

Arkiv. Zoologl-Arklv fijr Zoologi. KungUga Svenskas Veten­
skaps Akademlen. Stockholm, Sweden. 

Assoc. Am. Geog. Annals - Association of American Geog­
raphers Annals. Washington, D. C. 

Auk - Auk. American Ornithologists' Union. Ithaca, New York. 
Bol. Paranaense Geografia - Boletin Paranaense de Geografia. 

Instituto de Geologia da Universldade do Parana. Curltiba, 
Parana, Brazil. 

Brigham YoungUniv. Geol. Studies;ResearchRep. Dept. Geol.­
Brigham Young University Geology Studies; Department of 
Geology Research Report. Provo, utah. 

California Univ. Pubs. Geol. Sci. - University of California Pub­
lications in Geological Sciences. Berkeley, California. 

Canadian Jour. Earth Sci. - Canadian Journal of Earth Science. 
Ottawa, Ontario, Canada. 

Canadian Mineraloglst- Canadian Mineralogist. Journal of the 
Mineralogical Association of Canada. Ottawa, Ontario, 
Canada. 

Carnegie Inst. Wash. Yearbook - Carnegie Institution of Wash­
Ington Yearbook. Washington, D. C. 

Cave Notes - Cave Notes. Cave Research Associates. Castro 
Valley, California. 

Caves and Karst - Caves and Karst. Cave Research Associates. 
Castro Valley, California. 

Chemle Erde - Chemie der Erde. Zeitschrlft fiir chemische Min­
eralogle, Petrographie, Bodenkunde, Geochemie and Me­
teorltenkunde. Gustav Fischer Verlag. Jena, German 
Democratic Republic. 

Clays and Clay Minerals - Clay and Clay Minerals. Elmsford, 
New York and Oxford, England. 

Contr. Mineral. and Pet. - Contributions to Mineralogy and 
Petrology. Berlin, Germany, and New York, New York. 

Copeia - Copeia. American Society of Ichthyologists and Her­
petolOgists. Northridge, California. 

Deutsch. Geol. Gesell. Zeitschr. - Zeltschrlft der Deutschen 
Geologischen Gesellschaft. Hannover, Federal Republic 
of Germany. 
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Dissert. Abs. - Dissertation Abstracts. University Microfilms. 
Ann Arbor, Michigan. 

Dissert. Abs. Internatl. - Dissertation Abstracts International. 
University Microfilms. Ann Arbor, Michigan. 

Earth and Planetary Sci. Letters - Earth and Planetary Science 
Letters. North Holland Publishing Company. Amsterdam, 
Netherlands. 

Ecology - Ecology. Ecological Society of America. Durham, 
North Carolina. 

Econ. Geol. - Economic Geology. Society of Economic Geol­
ogists. Houghton, Michigan. 

Elisha Mitchell Sci. Soc. Jour. -Journal of the Elisha Mitchell 
Scientific Society. Chapel Hill, North Carolina. 

Engr. Geol. - Engineering Geology. Amsterdam, Netherlands. 
Engr. Min. Jour. - Engineering and Mining Journal. McGraw­

Hill Publishing Company. New York, New York. 
EOS - EOS. Transactions, American Geophysical Union. Wash­

ington, D. C. 
Four Corners Geol. Soc. - Four Corners Geological Society. 

Durango, Colorado. 
Frontiers - Frontiers. Amagazine of Natural History. Academy 

of Natural Sciences of Philadelphia. Philadelphia, Pennsyl­
vania. 

Geochim. et Cosmochim. Acta - Geochimica et Cosmochimica 
Acta. Journal of the Geochemical Society and the Meteor­
itical Society. Pergamon Press. Oxford, England. 

Geog. Rev. - Geographical Review. American Geographical So­
ciety of New York. New York, New York. 

Geol. Soc. Am. Bull. ; Mem. ; Sp. Paper - Geological Society of 
America Bulletin; Memoir; Special Paper. Boulder, Col­
orado. 

Geol. Soc. Am. Engr. Geol. Case Hist. - Geological Society of 
America Engineering Geology Case Histories. Boulder, 
Colorado. 

Geol. Sur. Canada Econ. Geol. Rep. - Geological Survey of Can­
ada Economic Geology Report. Ottawa, Ontario, Canada. 

Geophys. Jour. - Geophysical Journal of the Royal Astronomical 
Society. Oxford, England. 

Geophysics - Geophysics. Society of Exploration Geophysicists. 
Tulsa, Oklahoma. 

Grand Canyon Natural Hist. Assoc. - Grand Canyon Natural His­
tory Association. Grand Canyon, Arizona. 

Ground Water - Ground Water. National Water Well Association. 
Urhana, illinois. 

IAEA-ICSU -International Atomic Energy Agency. Vienna, Aus­
tria. 

Icarus - Icarus. International Journal of Solar System Studies. 
New York, New York and London, England. 
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IEEE Trans. GeoscL Electronics - Institute of Electrical and 
Electronics Engineers Transactions on Geoscience Elec­
tronics. New York, New York. 

Independent Pet. Monthly - Independent Petroleum Monthly. In­
dependent Petroleum Association of America. Tulsa, Okla­
homa. 

Inst. of Min. and Met. Trans. - Institute of Mining and Meta,llurgy 
Transactions. London, England. 

Intermountain Assoc. Pet. Geo!. Guidebook - Intermountain As­
sociation of Petroleum Geologists, Guidebook. Salt Lake 
City, Utah. 

Internat!. Assoc. Hydrogeologists Mem. - International Asso­
ciation of Hydrogeologists Memior. Turkish National Com­
mission, Ankara, Turkey. 

Internatl. Assoc. Quaternary Research (INQUA) - International 
Association of Quaternary Research. Yale University 
Press. New Haven, Connecticut. 

Internat!. Assoc. ScI. Hydrol. Pub. (rASH-UNESCO) - Inter­
national Association of Scientific Hydrology Publication. 
Gentbrugge, Belgium. 

Internat!. Geol. Congo - International Geologic Congress. Co­
penhagen, Denmark. 

Interscience Pub. - Interscience Publications. London and New 
York. 

Interstate Oil Compact Comm. Bull. - Interstate Oil Compact 
Commission Bulletin. Oklahoma City, Oklahoma. 

Jour. Geol. -Journal of Geology. University of Chicago Press. 
Chicago, minois. 

Jour. Geo!. Educ. -Journal of Geological Education. National 
Association of Geology Teachers. Washington, D. C. 

Jour. Geomag. Geoelect. -Journal of Geomagnetism and Geo­
electricity. Tokyo, Japan. 

Jour. Geophys. Research-Journal of Geophysical Research. 
American Geophysical Union. Washington, D. C. 

Jour. Hydro. -Journal of Hydrology. Amsterdam, Netherlands. 
Jour. Iron Steel Inst. -Journal of the Iron and Steel Institute. 

London, England. 
Jour. Mammalogy - Journal of Mammalogy. American Society 

of Mammalogists. Lawrence, Kansas. 
Jour. Paleo. - Journal of Paleontology. Society of Economic 

Paleontologists and Mineralogists. Tulsa, Oklahoma. 
Jour. Sed. Petrol. -Journal of Sedimentary Petrology. Society 

of Economic Paleontologists and Mineralogists. Tulsa, 
Oklahoma. 

Jour. of the West-Journal of the West. Los Angeles, California. 
Kansas Geol. Survey Bull.; Computer Contr. - Kansas Geological 

Survey Bulletin; Computer Contribution. Lawrence, Kan­
sas. 

5 



BffiLIOGRAPHY 

ABDULLA TIF, A. A. 
Physical testing of engineering properties of collapsing soils in the city of 

Tucson, Arizona: Unlv. Ariz .• MS Thesis, 135 p. (1969) 

ABU AJAMIEH, M. M. 
The structure of the Pantano beds in the northern Tucson Basin: Unlv. Ariz., 

MS Thesis, 71 p. (1966) 

ABU-oBEID, Hamid A. 
Dynamic testing of desert soUs: Unlv. Ariz •• MS Thesis, 78 p. (1970) 

ACKERMANN, H. D. (see Sutton, R. L.) 

ADAMS, J. W. 
(and Staatz, M. H.) Rare earths and thorium: In Mineral and water resources 

of Arizona; Unlv . Ariz •• Ariz. Bur. Mines Bull. 180, p. 245-251 (1969) 

ADAMS, Linn Frank 
Stratigraphy of the Mancos Shale of Black Mesa, Arizona: Penn. State Unlv •• 

MS Thesis (1948) 

AGASIE, John M. 
1. Upper Cretaceous palynomorphs from Coal Canyon, Coconino County I Ari­

zona: Unlv. Ariz., MS Thesis, 104 p. (1967) 
2. Late Cretaceous palynomorphs from northeastern Arizona: Mfcropaleo .• 

v. 15. no. 1, p. 13-30, Ulus. (1969) 

AGENBROAD, Larry D. ( see gOO Haynes, C. V •• Jr. I 7) 
Cenozoic stratigraphy and paleo-hydrology of the Redington-San Manuel area, 

San Pedro Valley, Arizona: Univ. Ariz., PhD Thesis, 119 p. (1967); 
(abs. J: Dissert. Abs., v. 28, no. 2, p. 737-B (1967) 

AfME (see College of Mines) 

AIKEN, M. J. 
(and Fleming, S. J., Doell, R. R., and Tanguy, J . C.) 

Thermoluminescentstudy of lavas from Mt. Etna and other historic flows­
PreUminary results , Chap. 6.4: in Thermoluminescence of geological 
materials - NATO Advanced Research !nat •• Spoleto, Italy, 1966, Proc.; 
Academic Press. London and New York, p. 359-366, Ulus., table (1968) 

AKERS, J. P. (seeD/so Cooley. M. E., 7; Repenning, C. A.) 
1. Geology and ground water in the central part of Apacbe County. Arizona: 

USGS Water-Supply Paper 1771. 107 p •• mus., tables, geol. map (1964) 
2. (and Cooley, M. E •• and Dennis, E. E . ) Synopsis of groundwater condi­

tions on the San Francisco Plateau near Flagstaff, Coconino County, Ari­
zona: USGS Open-file Rep., 30 p. (1964) 
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ALDRIDGE, B. N. 
1. Floods of August 1963 in Prescott, Arizona: USGS Open-file Rep.. 12 p. 

(1963) 
2. Floods of December 1965 to January 1966 in the Salt and Gila Rivers down­

stream from Granite Reef Dam, Arizona: USGS Open-file Rep. (1966) 
3. Flood of Sept. 13 near Marana, Arizona: USGS Water-Supply Paper 1820, 

p. 105-106 (1968) 
4. Floods of November 1965 to January 1966 in the GllaRiver basin, Arizona 

andNewMexico, and adjacent basins inArizona: in Floods of 1965 in the 
UnitedStatesi USGS Water-Supply Paper 1850-C, p. 1-176, plates (1970) 

ALEXANDER, E. C., Jr. 
1. (and Manuel. O. K.) Isotopic anomalies of krypton and xenon in Canyon 

Diablo graphite: Earth and Planetary Sci. Letters, v. 2, no .• 3, p. 220-
224 (1967); [abs.], Geophys. Abs., no. 257, item 125 (1968) 

2. (and Manuel, O. K.) Xenon in the inclusions of Canyon Diablo and Toluca 
iron meteorites: Earth and Planetary Sci. Letters, v. 4, no. 2, p. 113-
117, fig., table (1968); labs.1: Geophys. Abs., no. 264, item 045 (1969) 

ALF, Raymond M. 
A spider trackway from the Coconino Formation, Seligman, Arizona: S. Calif. 

Acad. Sci. Bull., v. 67, pt. 2, p. 125-128, Ulus. (1968) 

AMERICAN GEOPHYSICAL UNION 
Bouguer gravity anomaly map of the United States, exclusive of Alaska and 

HawaU: USGS Spec. Map, 2 sheets, scale 1:2,500,000 (1964) 

AMES TAD-FRUTH, Elizabeth 
(and Kaufman, Aaron) Uranium series disequilibria in Recent volcanic rocks 

{abs.]: Am. Geopbys. Union Trans. , v. 44, no. I, p. 108 (1963) 

ANDERS, Edward (see also Heymann, Dieter, 2) 
1. (and Lipschutz, Michael E.) Critique of paper by N. L. Carter and G. C. 

Kennedy, 'Orginof diamonds in the Canyon Diablo and Novo Urei meteor­
ites: Jour. Geophys. Research, v. 71, no. 2, p. 643-661 (1966): {reply1: 
Jour. Research, v. 71, no. 2, p. 673-674 (1966) 

ANDERSON, C. A. (see also Kirkemo, Harold) 
1. Areal geology of the southwest: in Geology of the porphyry copper deposits; 

Univ. Ariz. Press, Tucson, Ariz., p. 3-16 (1966) 
2. (and Creasey, S. C.) Geologic map of the Mingus Mountain quadrangle 

Yavapai County, Arizona: USGS Geol. Quad. Map GQ-715, scale 1:62, 500, 
sections (1967) 

3. Precambrian wrench fault in central Arizona: USGS Prof. Paper. 575-C, 
p. 60-65, illus. (1967): [abs.]: Geol. Soc. Am. Sp. Paper 115, p. 308 
(1968) 

4. PreliIninary geologic map of the SW 1/4 Mayer Quadrangle, Yavapai 
COWlty, Arizona: USGS Open-file Rep. (1967) 

5. Metamorphosed Precambrian silicic volcanic rocks in central Arizona: in 
Studies in volcanology - A memoir in honor of Howel Williams i Geol. Soc. 
Am. Mem. 116, p. 9-45, Ulus., tables (1968) 

6. Arizona and adjacent New Mexico: in Ore deposits of the United States, 
1933-1967 (Ridge, J. D., Editor); AIME, Graton-Sales Volume, v. 2, 
p. 1163-1190, illus., table (1968) 

7. Copper: in Mineral and water resources of Arizona; Univ. Ariz., Ariz. 
Bur. Mines Bull. 180, p. 117-156 (1969) 
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ANDERSON, non L. (St'/' NI:I?i, MnIlAIUU') 

ANlll-;HSIIN, Fr.,n!;. ,I. 
\~u:mtit:"ltive fadors nnd distribution of luw density soils in the Tucson, Arizona 

vicinity: Univ. Ariz., MS Thesis, 104 p . (1967) 

ANDERSON, R. Ernest 
Notes on the geology and paleohydrology of the Boulder City pluton, southern 

Nevada: ill Geological Survey Research 1969, Chap. B; USGS Prof. Paper 
650-B, p. 35-40 (1969) 

ANDERSON, T. W. 
Electrical-analog analysis of ground-water depletion in central Arizona: USGS 

Water-Supply Paper 1860, 21 p., mus., plates (1968) 

ANDREASEN, G. E. 
1. (and Pitkin, J. A.) Aeromagnetic map of the Twin Buttes area, Pima and 

Santa Cruz Counties, Arizona: Geophys. Abs., no. 209. item 31G (1964) 
2. (find others) Aeromagnetic map of Tombstone and vicinity, Cochise and 

Santa Cru? Counties, Arizona: USGS Open-file Rep., scale 1:125,000 
(1965) 

3. (and Galot, G. A. ) Aeromagnetic map of Safford and vicinity, Graham and 
Greenlee Counties, Arizona: USGS Open-file Rep. , scale 1: 125,000 (1966) 

4. (and Galot, G. A.) Aeromagnetic map of the San Simon Valley area, Cochise, 
Graham, and Greenlee Counties, Arizona, and Hidalgo County, New 
Mexico: USGS Open-file Rep., scale 1:125,000 (1966) 

ANTHONY, JohnW. (.~eeaJso McLean. W. John, 2jWUliams, SidneY,A., 2,5) 
1. (and Williams. Sidney A.) Hemihedrite, a new mineral from Arizona: Am. 

Mineral., v. !i5, p. 1088-1102 (1970); [abs.): Geol. Soc. Am. Sp. Paper 
115, p. 403 (1968) 

2. (and Laughon, Robert B. ) Kinoite, a new hydrous copper calcium silicate 
mineral (rom Arizona: Am. Mineral., v. 55. no. 5-6 (May-June), p. 709-
715 (1970) 

ARGALL, G . 0., Jr. 
(Editor) ASARCO's Mission copper: Min. World, v. 24, no. I, p. 19-42 (1962) 

ARIZONA ATOMIC ENERGY COMMISSION 
Arizona and the new uranium boom: Ariz. Atomic Energy Corom .• Phoenix, 

Ariz., 6 p. (1968) 

ARIZONA BUREAU OF MINES 
Mineral and water resources of Arizona: Univ. Ariz., Ariz. Bur. Mines Bull. 

lRO, G38 p. (1969) 

ARI'l.ONA CAVER 
1. Prob'Tess:lt Colossol Cave: Ari?. Caver, v. 3, no. I, p. 10 (1966) 
2. Hccent discoveries at Falls Cave, Arizona: Ariz. Caver, v. 5. no. 5-0, 

p. 43 - 44 (1967) 

ARIZONA DEPARTMENT OF MINERAL RESOURCES 
1. List of Arizona marble properties: Ariz. Dept. Mineral Res., Phoenix, 

Ariz., 2 p. (1962) 
2. List of Arizonfl fluorspar properties: Ariz. Dept. Mineral Res., Phoenix, 

Ariz., 4 p. (1964) 
3. Mining in Arizona , its past, its present, its future: Ari z. Dept. Mineral 

Res .• Phoenix, Ariz., 43 p. (1967) 
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ARIZONA INTERSTATE STREAM COMMISSION 
Water resources, State of Arizona: Ari7,. Interstate Stream Comm. Rep., 74 

p. (1967) 

ARIZONA STATE LAND DEPARTMENT 
1. Annual report on ground water in Arizona: Ariz. State Land Dept. Water 

Res. Rep. (issued annually) 
2. 9th annual Arizona watershed symposium proceedings: Ariz. Water Res. 

Comm. and Watershed Management Div., Ariz. State Land Dept. • 38 p. 
(1965) 

ARMSTRONG, Augustus K. (see Greenwood, Eugene. 2) 

ARMSTRONG, Richard Lee 
1. K-Ar dating of laccolithic centers of the Colorado Plateau and vicinity: 

Geel. Soc. Am. Bull.. v. 80, no. 10, p. 2081-2086 (1969) 
2. Geochronology of the eastern Basin and Range province, eastern Nevada, 

western Utah and the Colorado Plateau, Utah, Colorado, Arizona. and 
New Mexico [abs.1: Geol. Soc. Am. Abs. with Programs 19G9, pt. 5. 
Rocky Mtn. Sec., p. 2 (1969) 

3. Geochronology of Tertiary igneous rocks, eastern Basin and Range pro­
vince, western Utah, eastern Nevada, and vicinity. U. S. A.: Geochimiea 
et Cosmochirnica Acta, v. 34, no. 2, p. 203-232, figs., tables (1970) 

ARNOLD, J. M. 
Discovery and development of Peabody Coal Company's Black Mesa mine: 

Soc. Min. Engr. of AIME Preprint, no. 69-F-349. 18 p. (1969) 

ARNOLD, L. Clark (see Mitcham. Thomas W. ) 

ARTEAGA, F. E. (see a/so Kam, WilHam, 31 
(and White, Natalie D., Cooley, M. E., and Sutheimer, A. F.) Ground water in 

Paradise Valley, Maricopa County, Arizona: Ariz. State Land Dept. Water 
Res. Rep. 35, 76 p., illus., tables (1968) 

ASH, Sidney R. ( see also Breed, William J., 7) 
1. Upper Triassic plants of New Mexico and Arizona: in Guidebook of the 

Ruidoso country {abs.]; N. Mex. Geol. Soc., 15th Field Conf. , p. 185 
(1965) 

2. Preliminary results of a re-investlgation of the Chinle megaflora, New 
Mexico and Arizona {abs.]: Geol. Soc. Am., Rocky Mtn. Sec., 20th Ann. 
Mtg., Golden, Colo., 1967, Program, p. 20 (1967) 

3. Ferns from the Chinle Formation (Upper Triassic) in the Fort Wingate 
area, New Mexico: USGS Prof. Paper 613-0, 52 p., plates (1969) 

4. (and May, David D.) Petrified Forest, the story behind the scenery: Pet­
rified Forest Mus. Assoc., Pet. Forest Natl . Park. Holbrook. Ariz., 
86025, 32 p. (1969) 

5. PlagiophyJ/um simpsonii, a new conifer from the Chinle Formation (Upper 
Triassic) of Arizona: Jour. Paleo., v. 44, no. 5, p. 945-952, figs. (1970) 

G. Dinophyton, a problematical new plant genus from the Upper Triassic of 
the southwestern United States: Paleo •• v. 13, pt. 4, p. 646- 663, illus., 
table (1970) 

AUSTIN. S. Ralph 
Mineralogy of the Cameron area, Coconino County, Arizona: USAEC Rcp. 

RME-99, 99 p., illus., tables (1904) 

AVEDISIAN, Gary Edward 
Geology of the western half of Phoenix South Mountain Park, Arizona: Ariz. 

State Univ •• MS Thesis, 54 p. (1966) 
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AVERITT, Paul 
1. Stripping-coal resources of the United States: USGS Bull. 1252-C, 20 p. 

(1968) 
2. Coal resources of the United States, January 1, 1967: USGS Bull. 1275, 

116 p. (1969) 
3. (and O'Sullivan, Robert, B. ) Coal: in Mineral and water sources of Arizona; 

Unlv. Ariz .• Ariz. Bur. Mines Bull. 180, p. 59-69 (1969) 

AWALD, John T. 
Regional geochemical reconnaissance of the Bradshaw Mountains, Arizona: 

AIME Trans,. v. 250. DO. 2, p. 114-119, illus. (1971); [abs.): Min. Engr •• 
v. 22. no. 1. p. 44 (1970) 

AXON, H. J. (see Brentnall. W. D.) 

AYER, Nathan J. 
1. Possible relationship between color lOBS in hyacinth zircons and meteoritic 

impact [abs.]: Geo!. Soc. Am. Sp. Paper 87. p. 193 (1966) 
2. Zircon as a geothermometer at Meteor Crater, Arizona [abs. ]: Aba. 1968, 

Geot. Soc. Am. Sp. Paper 121, p. 14-15 (1969) 

BAARS, D. L. 
1. Pre-Pennsylvanian paleotectoniCS - key to basin evolution and petroleum 

occurrences in Paradox Basin, Utah and Colorado: AAPG Bull.. v. 50, 
no. 10, p. 2082-2111 (1966); [abs.]: AAPG Bull .• v. 49. no. 9, p. 1576-
1577 (1965) 

2. (and Parker, J. William, and Chronic, John) Stratigraphic nomenclabJre 
of Pennsylvanian System, Paradox Basin [revised): AAPG Bull .• v. 51, 
no. 3, pt. 1. p. 393-403, figs .• table (1967) 

3. (Editor) Geology and natural history of the Grand Canyon region: Four Cor­
ners Geol. Soc .• 5th Field Conf .• Powell Centennial River Expedition, 
212 p. (1969) 

4. John Wesley Powell. Colorado River pioneer: in Geology and nabJral his­
tory of the Grand Canyon region-Powell Centennial River Exped.; Four 
Corners Geol. Soc,. 5th Field Con!., p. 10-18, illUB. (1969) 

BABBITT. Bruce E. 
A Paleomagnetic chronology of the San Francisco Volcanic Field: in Contri­

butions to the geology of northern Arizona-Major Brady Memorial; Mus. 
N. Ariz. Bull. 40, p. 11-14, chart (1964) 

BABCOCK, H. M. (see also McGuinnes, C. L .• 3) 
1. (Director) Armual reportoD ground water in Arizona, spring 1968 to spring 
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Weathered outcrops, disseminated copper deposits: Durek. J. J. 
Zoning in porphyry copper deposits: Lowell. J. D., 4 

AREAS DESCRlBED See also MINES AND MINING DISTRICTS 
Apache Co., central: Akers, J. P., 1 
Apache Trail. Maricopa Co.: Sheridan, M. F., 1 
Arizona (general): Anderson, C. A., 1 
Arizona: Anderson, C. A., 6; Hayes, P. T., 9 
Babomocari Ranch, Cochise and Santa Cruz Cos. : Vice, D. H. 
Beaver Creek drainage baSin, Coconino Co.: Beus, S. S., 2, 3 
Beaver Creek Watershed, Coconino Co.: Rush, R. W., 2 

, Yavapai Co.: Rush, R. W., 1 
BC"a'Vcrdam Mtns., northwestern Arizona: Moore, R. T., 4 
Disbee (Warren) district: Nye, T. B. 
Diuck Mesn caldera, Superstition Mtns.: Stuckless, J. S. 
Dlue Range Primitive area, Greenlee Co.: Ratte, J. C., I, 2 
Box Canyon area, Santa Rita Mtns., Pima Co.: Heatwole, D. A. 
Cabe7,a Prieta Gnme Range, Pima and Yuma Cos.: Simmons, H. L. 
Canelo Hills area (eastern), Santa Cruz Co.: Cetinay, H. T. 
Canelo Hills (north central), Santa Cruz Co.: Vidal, J. R. 
CancIo Hills (southeas t), Santa Cru7. Co.: DelUlcy, P. P. 
Cerro Colorado Mtns., Pima Co.: Smith, R., 2 
Chtlchinbito quadrangle, Navajo Co.: Beaumont, E. C., 1 
Christmas quadrangle, Gila and Pinal Cos.: Willden, R. 
Chuska Mtns., Apache! Co.: Blagbrough, J. W .• 2 
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AREAS DESCRIBED (Continued) 
Chuska Mtns . (northern), Apache Co.: Blagbrough, J. W .• 1 
CourUand-Gleeson area, Cochise Co.: McRae, O. M. 
Del Bac Hills, San Xavier area, Pima Co.: Perciou8, J. K .• 2 
Diamond Butte quadrangle (eastern half), Gila Co.: GasUl, R. G. 
Dos Cabezas Mtns .• Cochise Co.: Erickson. R. C" 3 
Dragoon quadrangle, Cochise Co.: Cooper. J. R., 1 
Eagle Peak area , Happy Valley quadrangle, Cochise Co.: Plut, F. W. 
El TIro Hills, western Silverbell Aftns.: Clarke, C. W. 
Esperanza mine area, Pima Co.: Lynch, D. W .• 2 
Fort Apache Indian Reservation: Moore, R. T .• 6 
Fraquita Peak area, Santa Cruz Co. : Reed, R. K. 
Presnal Cnnyon, Gaboquivari Mtns •• Pima Co.: Fair, C. L. 
Cntes Pass. Tucson Mtns.: Mayo, E. B .• 4 
GUn River Indian Reservation: Wilson. E. D .• 3 
Glen Canyon, northern Arizona: Porter, E. 
Grand Canyon area: Baars, D. L., 3; Four Corners Geol. Soc., 2; Scharff, R. 
Grand Canyon, western: Hamblin, W. K., 8 
Grand Wash Cliffs and Hualapai Plateau, Mohave Co.: Young, R. A., 1 
Grand Wash Cliffs - Upper Lake Mead: Lucchitta, I. 
Granite Wnsh Mtns. (western), Yuma Co.: CiancanelU, E. V. 
Hualapai Indian Reservation, Coconino and Mohave Cos.: Twenter, F. R. 
Hualapai Plateau and Grand Wash Cliffs, Mohave Co.: Young, R. A., 1 
Humbolt region, Yavapai Co.: Creasey, S. C., 1 
interior Vo.lIey, San Franciscan Mtns.: Deal, E. G., 2 
Johnny Lyon Hills, Cochise Co.: Silver, L. T., 1 
Kayenta quadrangle, Navaio Co.: Beaumont, E. C., 1 
Kitt Peak area, Pima Co.: Min, M. M. 
Klondyke quadrangle, Graham and Pinal Cos.: Simons, F. S., I 
Las Guijas mining district, Pima Co.: Sheikh, A. M. 
Leehequtlla Penk area, Rincon Mtns., Cochise Co.: Miles, C. H. 
Lone Star mining district, Graham Co.: Robinson, R. F. 
Luke area, Maricopa Co.: Stulik, R. S .• 2 
McMullen Valley, Maricopa, Yuma, and Yavapai Cos.: Kam, W .• 1 
Mammoth quadrangle, Pinal Co.: Creasey, S. C .• 5 
Mam-a-gah picnic area, Tucson Mtns., Pima Co.: Horton, J. W. 
Marble Peak area , Santa Catalina Mtns.: Braun, E. R. 
Mineral Mtn. quo.drangle, Pinal Co.: Schmidt, E. A. 
Mogollon Rim: Peterson, W. 
Monument Valley: Malan, R. C. 
Morenci district, Greenlee Co.: Mool1ck, R. T. 
Mt. Baldy area, Apache Co.: Merrill, R. K., 2 
Mt. Baldy primitive area, Apache Co.: Finnell, T. L., 3 
Mt. Union quadrangle SE 1/4, Yavapai Co.: Blacet, P. M., 3 
Murray Springs Clovis site, San Pedro Valley: Haynes, C. V., 4 
Northeastern Arizona: National Assoc. of Geol. Teachers 
Owl Head mining district, Pinal Co.: TIes, C. D. 
Parashant Canyon. Grand Canyon area: Schleh, E. E •• 2 
Patagonia Mtns. (west central), Santa Cruz Co.: Moger, S. R. 
Paulden quadrangle, Yavapai Co.: Krieger, M. H., 1 
Pedregosa Mtns., Cochise Co.: Epis. R. C. 
Pena Blanca-Walker Canyon area, Santa Cruz Co. : Nelson, F. J. 
Petrified Forest National Park: Ash, S. R., 4; Jeffers, J.; Smith, J., 1 
Picacho Peak: Briscoe, J. A. 
Plcketpost Mtn. area. Pinal Co. : Nelson, E.; Peterson, D. W., 1 
Pickhandle HUls, Cochise Co.: Kelley, R. J., Jr. 
Piety Hill area, Pima Co.: Broderick, J. P. 
Pinacate field, Yuma Co.: [ves, R. L. 
Pinal Ranch Quadrangle, Gila and Pinal Cos.: Peterson, N. P. 
Pinta Dome-Navajo Springs, Apache Co.: Dunlap, R. E. 
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AREAS DESCRIBED (Continued) 
Pinto Creek mining district, GUa Co.: Scholl, L. 
Plomosa Mtns., Yuma Co.: Miller, F. K., 2 
Plomosa Mtns. (northern), Yuma Co.: Jemmett, J. P. 
Plomosa Mtns. (southern hal!), Yuma Co.: Miller, F. K., 1 
Prescott quadrangle, Yavapai Co.: Krieger, M. H., 1 
Promontory Butte quadrangle, GUa and Coconino Cos.: Satterthwaite, L. C. 
Promontory Butte quadrangle (west central), Gila and Coconino Cos. : Ostrander. 

R. E. 
Ray area. Pinal Co.: Mctz, R. A., 1 
Hay-Superior area, Pinal Co.: Portugal. J. A. 
Redington area, Pima Co.: Smith, W. J. 
Red Lake playa: Motts, W. S. j Neal. J. T., 1 
Roskruge Range. Pima Co.: Bikerman, M., 3, 5 
Ruby Star Ranch, Twin Buttes district, Pima Co.: Weaver, R. R. 
Sahuaro Lake area, Maricopa Co.: Durand, H. S. 
San Francisco Peaks area, Coconino Co.: Pewe, T. L. , 4j Updike, R. G., 2, 3 
San Manuel area, Pinal Co.: Creasey, S. C., 2; Lowell, J. D., I, 2 
Santa Catalina Mtns., Pima Co.: Waag, C. J., 1 
S:lIlta Catalina Mtns. (east end): Peterson, R. C. 
Sierrita Mtns., Pima Co.: Lootens, D. J., 3 

, Tascuela area, Pima Co.: Thoms, J. A. 
Silver Bell area, Pima Co.: Richard, K. 
Silver Bell Mtns., Pima Co.: Watson, B. N., 1 
Sitgreaves Mtn. area, Coconino Co. : Gilman, C. R. 
South Mtn. Park W 1/ 2: Avedisian, G. E. 
Southwestern arid lands: International Assoc. of Quaternary Research 
Stewart Mtn. dam site, Maricopa Co.: Tilford, N. R. 
Sycamore Canyon primitive area, Coconino and Yavapai Cos.: Huff, L. C., 2 
Temporal Gulch-Mansfield Canyon, Santa Cruz Co.: Rohrbacher, R. G. 
Total Wreck Ridge (Empire Mtns.), Pima Co.: Butler, W. C. 
Tuckup Canyon, central Grand Canyon: Billingsley, G. H. 
Tucson Mtns.: Damon, P. E., 18: Mayo, E. B., 5 
Tumacacori foothills (northern), Santa Cruz Co.: Cunningham, J. E. 
Turquoise district (Courtland-Gleeson). Cochise Co.: Jones, R. W., 2 
Union H1l1 area, Silver Bell district, Pima Co. : Merz, J. J. 
Verde Valley. Yavapai Co.: Royse, C. F., 2 
Virgin Mtns. (Bunkerville section), Mohave Co.: Seager, W. R., 1 
Virgin Mtns. northwestern, Ariz.ona: Moore. R. T., 4 
Warren (Bisbee) district, Cochise Co.: Bryant, D. G., 2 
Wet Beaver Creek Canyon, Yavapai and Coconino Cos.: Thompson. J. R.; 

Thompson, R. 
Whetstone Mtns., Cochise Co.: Tyrrell, W. W., Jr. 
White Mtns. area. Apache Co.: Merrill, R. K., 1 
Whitmore area, Mohave Co.: Sorauf, J. E. 
Willcox playa: Motts. W. S.; Neal. J . T., 1 
Winslow playa: Motts, W. S.: Neal, J. T .• 1 
Woods Canyon (Beaver Creek). Coconino Co. : Scholtz, J. F., 1 

ASBESTOS See NONMETALLIFEROUS MINERAL COMMODITIES 
BARITE See NONMETALLIFEROUS MINERAL COMMODITIES 
BENTONITE See NONMETALLIFEROUS MINERAL COMMODITIES 
BIBLIOGRAPHIES 

Arid-lands research: Paylore, P. 
Artificial recharge of groundwater: Signor. D. C. 
Geology, Arizona: Moore, R. T., 2 
Hydrology, United States: Randolph, J. R .• I, 2 
Lake deposits: Feth. J. H .• 2 
Meteor craters: O'Connel, E. 
Mineral resources, Arizona: Moore, R. T., 2 
Terrestrl:11 impact structures: Freeberg, J. H. 
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BffiLIOGRAPHIES (Continued) 
USGS water resources reports, Arizona (1891-1965): U. S. Geol. Survey, 6 

BORINGS See WELL AND DRILL-HOLE DATA 
CAMBRrAN See STRATIGRAPHY 
CAVES 

Aqua Ca1ipnte: McLean, J. 
Archaeological sites: Bridgemon, R. R., 6 
Buffalo Crack: Bridgemon, R. R., 3: Tyler, J., 1 
Cave registers: Hassemer, J., 1 
Colossal: Arizona Caver, I: Bridgeman, R. R., 9: Tyler, J., 3 
Dcndmnn: Bridgemon, R. R., 1 
Earth crack ncr. 3: Tyler, J., 2 
Falls: Arizona Caver, 2: Bridgemon, R. R., 8 
General: Smith, I., 2 
Grandad, Oak Creek Canyon: Hassemer, J., 2 
Gypsum Creek: Bridgemon, R. R., 2 
Onyx: Bridgeman, R. R., 4, 7: Brad, L.; Wright, B. 
Outlaw: Strong, T. 
Paleozoic limestone, southeastern Arizona: Hoxie, D. 
Roaring Springs: Bridgemon, R. R., 5 
Wupatki blowhole, Coconino Co.: Lamar, D. L., I, 2; Sartor, J. D. 

CENOZOIC See PALEONTOLOGY; STRATIGRAPHY; STRUCTURAL GEOLOGY 
CLIMATE See HISTORICAL GEOLOGY, Climate 
COAL Sec FUELS, Coal 
COPPER See METALLIFEROUS MINERAL COMMODITIES, Copper; MINES AND 

MINING DISTRICTS 
CRETACEOUS See PALEONTOWGY; STRATIGRAPHY 
DAMS AND DAM SITES See ENGINEERING GEOLOGY 
DEVONIAN See PALEONTOLOGY; STRATIGRAPHY 
DIATOMACEOUS EARTH See NONMETALLIFEROUS MINERAL COMMODITIES 
ECONOMIC GEOLOGY See also ALTERATION; MINES AND MINING DISTRICTS; 

METALLIFEROUS MINERAL COMMODITIES; NONMETALLIFEROUS 
MINERAL COMMODITIES 

Age of igneous rocks associated with Cu deposits: Creasey, S. C., 3 
Alluvial covered copper deposits, Pima Co.: Huff, L. C., I, 3 
Alunite mineralization in granite porphyry, Patagonia arca: Schradcr, F. C. 
Bagdad dtstrict, Yavapai Co.: Baker, A., m, 2 
Base metals and silver. Santa Rita Mtns. : Drewes, H., 3 
I3eryllium mineralized belts, southern Arizona: Shawe, D. R. 
I3eryUium ore, nonpegmatittc: Meeves, H. C., 1 
Beryllium are in pegmatites: Meeves, H. C., 2 
Black Mesa mine (Peabody). Navajo Co.: Arnold, J. M. 
Blue Range primitive area, Greenlee Co.: Ratte', J. C., 2 
Classification of metallogenic provinces: Sullivan, C. J. 
Computerized lineament tectonics and porphyry copper, southeastern Arizona: 

Carson, W. P. 
Concealed ore deposits, exploration for: Peters, W. C., 2 
Contact deposits, Christmas mine, Gila Co.: Perry. D. V., 1. 2 
Contact metasomatic deposits, Silver Bell: Buseck. P. R., 1 
Contact metasomatic minerals, Mission mine, Pima Co.: Kinnison, J. E., 1 
Copper in clay minerals, Ray district: Stephens, J. 0., I, 2 
Copper deposits, weathered outcrops: Durek, J. J. 
Copper mineralization, San Manuel area: Pelletier, J. D. 
Copper mineralization related to Laramide magmas: Mauger, R. L., 8 
Copper oxides and carbonates, Ray area: Phillips, C. H. 
Copper porphyry, geophysical exploration: Sumner. J. S., 4 
Dragoon quadrangle. Cochise Co. : Cooper. J. R .• 1 
EI Tiro Hills, western Silverbell Mtns.: Clarke , C. W. 
Epigenetic mineralization, United States: Milts, J. W. 
Epigenetic uranium depoSits, sandstone host: Finch. W. I., 1 
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ECONOMIC GEOLOGY (Continued) 
Espcl·rm7.n mine nren, Pima Co.: Lynch, D. W., 1 
Evaporite deposits, Holbrook basin: Peirce, H. W., 3 
Exploration guides, fracture intersections and domes, southern Arizona: Wertz, 

J. B., 3 
Exploration opportunities in Aravaipa district: Conwell, C. N. 
General, Arizona: Anderson, C. A., 6; Arizona Bureau of Mines; Arizona 

Department of Mineral Resources, 3; Bahre, S. A. 
Genesis of ore, Mission mine: Kinnison, J. E., 2 
Geochemical exploration (or Cu-Mo: Chaffee, M. A. 
Geochemical exploration methods, mercury: Williston, S. H. 
Geochemical guides to Cu, Mo exploration: Bloom, H. 
Gila River Indian Reservation: Wilson, E. D., 3 
Gold deposits, Mohave Co.: Blacet, P. M., 4 
Gold deposits near Quartzsite, Yuma Co.: Edward, L. J., Jr. 
Gold placer underwater, general: Black, J. 
fntrusive breccias and orc. Bisbee: Bryant, D. G., I. :1 
Iron formations in central Arizona: Radtke, A. S. 
Lead-zinc mineralization at Iron King mine: World Mining, 2 
Lithium bearing bentonite. Yavapai Co. : NortoD, J. J., 1 
Manganese ores, Tombstone district: Meyer, W. J. 
Manganese veins, southwestern United States: Hewett, D. F., 1 
Metal mining districts, western United States: Jerome, S. E., 2 
Metnllogenic belts, western United States: Landwehr, W. R., 1 
Mct'1llogenic provinces, Ari7.ona: Krauskopf, K. B. 

, western United States: Noble, J. A.; Roberts, R. J. 
Mineral deposit :wning, southeastern Arizona: Fosness. J. L. 
Mineral exploration. Basin and Range: Moore, R. T., 3 
Mineral occurrences, Fort Apache Indian Reservation: Moore, R. T., 6 
Mineral resources, Mt. Baldy area, Apache Co.: Finnell. T. L., 3 
Mineralization, distribution, western United States: Landwehr, W. R., 2 
__ , genesis, western United States: Landwehr. W. R., 2 
__ , Greaterville district, Pima Co.: Gross, M. P. 
___ , Orphan mine: Gornitz. V. M .• 2 
__ , Owl Head mining district, Pinal Co.: nes, C. D. 

, Triassic and Jurassic, southeastern Arizona: Hayes. P. T •• 4 
Mineralization nnd emplacement, Orphan mine: Gornitz, V. M., 1 
Mineralization relationship to alteration, porphyry copper deposits: Rose, 

A. W., 2 
Mineralization at Silver Bell: Richard. K. 
Mineralization 7.oning in porphyry copper deposits: Lowell, J. D., 4 
Mission mine: Argall, G. 0., Jr. 
Molybdenum deposits of United States: Kirkemo, H. 
on field formatiun. Dineh-bi-Keyah field: Pye, W. D., 2 
Ore control, Chrisbnas mine: Willden, R. 
are depOSition, Bisbee area: Bryant, D. G., 2 
Ore deposits: Ridge. J. D . 

• cxploration economics: Peters, W. C., 3 
--, Lone Star mines district, Graham Co.: Robinson, R. F. 
--, Marulc Peak aren, Santa Catalina Mtns.: Braun, E. R. 
Ort' deposits correlated to volcanic rocks: Damon, P. E., 8, 12, 15. 16, 21 
Ore districts, structural trends, northwestern Arizona: Baker, A., I1r, 1 
Orc gencsis, southwestern United States: Darnley, A. G. 
Ore guides, copper, in biotite: Lovering, T. G. 

, Pima district: Mitcham, T. W. 
Ore localization by unconformities, United States: Mills, J. W. 
Ore mineralization, Oro Blanco district, Santa Cruz Co.: Knight, L. H., Jr., 2 
Ore-seHrch guides: Mickle, D. G. 
Origin of mineralized Laramide intrusives, Ray area: Moorbath, S. 
Outcrop guides, copper mineralization: WeiSS, R. L. 
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ECONOMIC GEOWGY (Continued) 
Oxidation of sulfide are, Glove mine, Santa Cruz Co.: Olson, H. J. 
Pine Mtn. primative area, Yavapai Co. : Canney, F. C., 2 
Porphyry copper deposits: Guilbert, J. M., 2; Livingston, D. E., 4; Lowen, 

J. D., 4; Mooltck, R. T.; Olmstead, H. W.; Schmitt, H. A. ; Titley, S. R. , 2 
___ , aeromagnetic expression: Mabey, D. R. 
__ , Ajo district: Wadsworth, W. B., 2 
___ , clay mineralization: Sheppard, S. M. F. 
___ , Copper CiUes mine: Simmons, W. W. 
___ , electrical properties : Maillot, E. E. 
___ , exploration: Jerome, S. E., 1 
___ , fluid inclusion study: Ypma, P. J. M. 
___ , geologic comparisons: Peters, W. C., 4 
___ , geophysical exploration: Brant, A. A. 
___ , igneous rock associations: Stringham, B. 
___ , Ithaca Peak, Mohave Co.: Eidel, J. J., 1 
___ , magmatic aspects: Mauger, R. L., 2 
___ , magnetic rock properties: May, B. T., 1 
___ , models: James, A. H. 
__ , multiple intrusions at Ajo: Wadsworth, W. B., 3 
___ , paleotectoniC environment: TiUey, S. R., 6 
___ , primary mineraltzation: Schwartz, G. M. 
___ , Ray mine: Metz, R. A., I, 2 
___ , San Manuel mine: Thomas, L. A. 
___ , secondary mineraltzation: Schwartz, G. M. 
___ , structural localization: Heidrick, T. L. 

, tectonic environment: Tilley, S. R .• 7 
Porphyry copper environments: Lacy, W. C., 3 
Porphyry copper mineralization, Mission mine: Kinnison, J . E., 3 
Porphyry copper-molybdenum, Ithaca Peak (Mineral Park), Mohave Co.: Eidel, 

J. J., 2; Frost, J. E. 
Probability model for ore deposits: Harris, D. P. 
Pyrometnsomattc deposits. southwestern United States: Titley, S. n., 3 
San Manuel area, Pinal Co.: Creasey, S. C .• 2 
Schultz granite and related copper mineralization: Clary, T. A. 
Sierrita Mtns., Tascuela area, Pima Co.: Thoms, J. A. 
Silver bearing black calcite, Tombstone district: Hewett, D. F., 3 
Silver in manganese veins, southwestern United States: Hewctt, D. F., 4 
Stratified deposits, of manganese: Hewett, D. F., 2 
Strontium deposits, Aguila, Maricopa Co.: U. S. GeoI. Survey, 5 
Structural control of mineralization, Greaterv1l1e mining district: Drewes, H., 7 
Structural exploration guides, fractures and domes : Wertz, J. B., 4 
Structural relations to are, Bisbee (Warren) district: Nye, T. B. 

, Warren (Bisbee) district: Nye, T. B. 
Structural and rock mass association with mining district: Wertz, J. B., 2 
Sulfate origin, Mohave Co.: Field, C. W. 
Supergene enrichment, molybdenum: Titley, S. R., 1 
Texas lineament: Wertz, J. B., 5 
Texas linenment and copper deposits: Wertz, J. B., G 
Tombstone district, Cochise Co.: Lee, L. C. 
Tungsten are mineralization, Las Guijas district, Pima Co.: Sheildl. A. M. 
Underground gravity survey for massive sulfides, Bisbee: Sumner, J. S., 3 
Union Hill area, Silvcr Bell district, Pima Co.: Men, J. J. 
Uranium ucposits: Ari1.onn Atomic Encrror Commission 

Colorado Plateau: Fischer, R. P., 3 
___ , Dripping Spring quart'idtc: Granger, H. C., I, 2 
___ , LukachukaI Mtns.: Chenowelh, W. L., 2 
___ , Monument Valley area: Johnson, H. S., Jr. 
___ , Orphan mine: Gornitz, V. M., 2 
___ , Shinarump conglomerate: Witkind, I. J. 
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ECONOMIC GEOLOGY (Continued) 
• specific types: Chenoweth, W. L .• :1 

---. slructtlrtJI control: Ostcrw:lld. F. W. 
Uranium emplacement. Garnet JUdge, Apache Co.: Gavasci, A. T. 
Uranium exploration thru data processing: Bostick, N. H. 
Uranium mineralogy, Cameron area, Coconino Co.: Austin, S. R. 
Uranium and vanadium oeposits, Colorado Plateau: Fischer. R. P .• 1 
Water resources, general: Arizona Interstate Stream Commission 

ENGINEERING GEOLOGY 
Benson area, Cochise Co.: Lacy, W. C .• 4 

• soil mechanics and surveys: Benites, L. A. 
Caliche, '[\Jeson area: Cooley. D. B. 
Dam site, Glen Canyon: Rubenstein, S. R. 
Dams sites, rock mechanics: Rouse, G. C. 
Electric fracturing of sulfide-bearing rock, Pima mine: O'Haire, R. T. 
Environmental geology: Sheridan, M. F .• 7 
Exploration and development economics: Peters, W. C., 3 
Exploration program design: Mickle, D. G. 
Foundation failures, Tucson area: Lacy, W. C., 2 
Foundation failures in small buildings, Tucson: Crossley, R. W. 
FOWldation problems in silt, Phoenix area: Holland, J. L. 
Glen Canyon dam site, Coconino Co.: Lasson, G. D.; Rubenstein, S. R. 
Glen Canyon dam construction: Wiegel, E. 
Ground water development by horizontal drilling: Townsend, J . n. 
Highway design, Burro Creek Bridge, Mohave Co. and Mule Pass Tunnel, 

Cochise Co.: Moore, R. T., 1 
Impnct mechanics of meteorites, Meteor Crater: Shoemaker, E. M., 4 
Impact of steel into sandstone, Meteor Crntcr: Shoemaker, E. M., 3 
Mission mine, Pima Co. : Tainter, S. L. 
Penetration mechanics of meteorites, Meteor Crater: Shoemaker, E. M., 2 
Potential water power: Tefft, H. D., Jr. 
Project SLOOP, Lone Star district: Engineering and Mining Journal, 3 
Remote sensing, infrared, Tucson and Safford areas: Strangway, D. W .• 1 
___ , radar, northern Arizona: Schaber, G. G., 3 
__ , radar images, Flagstaff area: Schnber, G. G .• 2 
__ , rndar imagcs, Meteor Crnter: Schaber, C. G., 1 

, rock mechanics, San Manuel: Malozemoff, P. 
Rock mechanics, dam sites: Rouse. G. C. 
Slides, Pima mine: Hamel, J. V. 
Slope stability analysis: Lacy, W. C., 1 
Soil mechaniCS, piping and sink hole: Carroll, P. H. 
Soil mechanics and surveys: Benites, L. A. 
__ , moisture tension data: U. S. Department of Agriculture 
__ , Tucson area: Abdullatif, A. A.; Abu-Obeld, H. A.; Anderson, F. J. 
__ , weathering intensity, Santa Cruz and Pima Cos.: Smith, B. R. 

, zinc absorbtion in calcareous soils, Arizona: Udo, E. J. 
'S'teWart Mtn. dam site, Maricopa Co.: Tilford, N. R. 
Stream channel characteristics, Salt River: Barnes, H. H., Jr. 
Subsidence, San Manuel mine: Hatheway, A. W., 1, 2 
Tailings stabilization, Tuba City, Coconino Co.: Havcns, R. 
Tucson area, Pima Co.: Lacy, W. C., 4 
__ , SoI1 surveys: Abdullatif, A. A.; Abu-Obeid, H. A. 

FAULTS AND FAULTING See STRUCTURAL GEOLOGY 
FORMATrONS See S'ffiATIGRAPHY 
FOSSIlS Sce PALEONTOLOGY 
FRACTUHTNG Sec STRUCTURAL GEOLOGY 
FUELS 

Co"l: Averitt. P., I, 2, 3; Brodcrick, F. N.; Peirce, IT. W., 14, Hi 
__ , Black Mesa mine (Peabody): Arnold, J. M. 
__ , sulfur analysis: Walker, F. E. 

124 



FUELS (Continued) 
General: Arizona Bureau of Mines; U. S. Bureau of Mines, 2, 6 
Natural gas: O'Sullivan, R. B., 2; Peirce, H. W., 14. 15 
___ , analysis, Apache Co.: Miller. R. D .• 1, 2, 3; Moore. B. J •• 2. 3 
___ , analysis, general: Cardwell, L. E. 
___ , analysts, Navajo Co.: Miller. R. D., 2, 3, Moore, B. J., 1 
___ , Black Mesa Basin: Turner, D. S. 
___ , northeastern Arizona: Picard, M. D. 

, Pedregosa Basin, southeastern Arizona: Greenwood, E., I, 3 
'Ciil:Q'Sullivnn, R. B., 1; Peirce, H. W., 14, 15 

, Black Mesa Basin: McCaslin, J. C. 
---, Dineh-bi-Keyah field, Apache Co.: Bannister, J.; Kunkel, R. P.; 
---McKenny, J. W., 1, 2, 3; Oil nnd Gas Journ:ll, 2; Pohlmann, H. F., 1,2; 

Pye, W. D., 2; Western Oil Reporter 
, exploration: Pye, W. D., I, 3 

---, exploration, Apache Co.: Kirkland, C. 
---, exploration, northe:lstern Arizona: Reese, D. L., I, 2; Riese, D. L.; 
--Y-oung, R. T •• I, 2 

, exploration potential: Barwin, J., 2, 3; Keller, M. A.; Wengerd, S. A .• 2 
---, Paradox Basin: Baars, O. L., 1; Herman, G.: Irwin, C. D., Jr.; 
---McComas, M. R., 1; Peterson, J. A., 2 
___ , Pedregosa Basin, southeastern Arizona: Greenwood, E •• I, 3 
___ , production: Barwin, J. R., I: IndependentPetroleumAssoc. of America 
___ , relation to evaporite-carbonate cycles, northeastern Arizona: Peterson, 

J. A., 3 
___ , secondary recovery by water flooding: U. S. Bureau of Mines, 7 
__ , shallow fields, United States: Interstate Oil Compact Commission 

, United States, energy resources: Morrison, W. E. 
GAS See FUELS 
GEMS AND GEM MATERIALS 

Apache tears: Peirce, H. W., 10 
ChrYBocolla: Peirce, H. W., 10 
Garnet: Peirce, H. W., 10 
Gem guidebook of Arizona: Simpson, B. W. 
General: Dunning, C. H .• 1; Kunz, G. F. 
Malachite: Peirce, H. W., 10 
Onyx marble: Peirce, H. W., 10 
Peridot: Peirce, H. W., 10 
Pctrified material, Apache Co.: Chipman, E. P. 
Petrified wood, Petrified Forest: Brodrick, H. J. 
Quartz: Peirce, H. W., 10 
Turquoisc: Peirce, H. W., 10 

GEOCHEMISTRY 
Alkalic distribution in Stronghold Granite, Cochise Co.: Bock. C. M. 
Alluvial covered copper deposits. Pima Co.: Huff, L. C., I, 3 
Basc metals and silver, Santa Rita Mountains: Drewes, H., 3 
Biogeochemical survey, Oracle area, Pinal Co.: Brown, R. G. 
Bradshaw Mtns.: Awald, J. T. 
Carbon-14 in caliche, Sigalove. J. J. 
Copper and molybdenum exploration: Bloom, H. 
Copper in biotite. Pima Co.: Lovering, T. G. 
Del Bac Hills, San Xavier area, Pima Co.: PerciouB, J. K., 1 
Distribution of Thorium and Uranium, Precambrian rocks: Sterling, D. A. 
Dos Cabezas Mtns., Cochise Co.: Erickson, R. C., I, 4 
Excess Ar-40 in volcanic rocks: Damon, P. E .• 14 
Exploration surveys, mercury: Williston, S. H. 
Heavy metals, survey report: U. S. GeoI. Survey, 7 
Heavy minerals analysis: Gambell, N. 
Hydrochemical facies, Tucson Basin: Smoor, P. B. 
Isotopic lithium in meteorite: Gradsztajn, E. 
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GEOCHEMISTRY (Continued) 
Isotopic ratios or clay minerals in porphyry coppers: Sheppard, S. M. F. 
Isotopic studies, I3:lsin and Range igneous l'ocks: Livingston, D. E., 2 

, Hoskrugc Mtns., Pima Co.: Bikerman, M., 4 
Uthium iSOtopes, Holbrook meteorite: Poschcnrieder, W. P. 
Mercury in Navajo Sandstone, Colorado Plateau: Cadigan, R. A., 3 
Metal concentrations in Colorado River: Sreekumaran, C. 
Mineral disintigration in ultrasonic fields: Kuck, P. H., 1 
Natural gas analysis, Arizona fields: Cardwell, L. E. 
Neutron activation or Mo, Tit W, porphyry copper environments: Kuck, P., 2 
Pediment sampling, Cu, Mo dcposits: Chaffee, M. A. 
Pegmatites. radiogenic argon, White Picacho district: Laughlin, A. W. 
Pima district, Pima Co.: Mauger, R. L., 6 
Potassium, thorium, and uranium in basalts, northwestern Arizona: Brimhall, 

w. H. 
Precambrian zircons - Pb-U isotope relations, Bagdad area: SHver, L. T., 7 
Roskruge Range, Pima Co.: Bikerman, M., 3 
Schultz Granite, Gila and Pinal Cos.: Clary, T. A. 
Silver Bell district, Pima Co.: Mauger, R. L .• 6 
Soil sampling, Mission mine area, Pima Co.: Canney, F. C., 1 
Strontium isotopes in alkalic rocks, Navajo Co.: Powell, J. L. 

, volcanic rocks, Colorado Plateau: Pushkar, P. 
Strontium-rubidium of hydrothermal vein gangue minerals: Reesman, R. H. 
Structural control of mineralization, Greatervllle mining district: Drewes, H., 7 
Sulfate origin, Sulfur isotope study: Field. C. W. 
Tertiary volcaniCS, Pima and Pinal Cos.: Eastwood, R. L., 1 
Trace element study, "Turkey Track" porphyry: Mielke, J. E. 
Trace elements, in galena, various Arizona mines: Staples, B. A. 
___ , in hydrothermally altered rocks, Yavapai Co.: Mauger, R. L., 3; 

Moxham, R. M. 
, in igneous rocks, northwest l'lOd central Arizona: Putman, G. W. 

---, in magnetite: MacKenzie, G. D. 
Uranium in volcanic rocks, Coconino Co.: Amestad-Fruth. E. 
Uranium-lead isotope variations in zircons, Johnny Lyon Granodiorite: Silver, 

L. T., 2 
Water, Tucson Basin: Laney, R. L., 

GEOCHRONOLOGY 
Basaltic lava flows, Arizona: Sabels, B. E. 
Basin and Range area: Armstrong, R. L., 2 

, igneous rocks: Mauger, R. L., 9 
Basin and Range upUft, Santa Catalina Mtns.: Damon, P. E., 4 
Bidahochi Fonnation, Hopi Buttes area: SUver, L. T., 3 
Carbon-14 dating, Tucson Basin: Bennett, R., 1, 2 
CenozoiC, southwestern United States: Smiley, T. L •• 1 
Copper mineralization and Laramide magmas: Mauger, R. L., 8 
Cordilleran intrusives: McDowell, F. W. 
Crystalline rocks, Grand Canyon: Pasteels. P. 
Del Bac Hills, San Xavier area, Pima Co. : Perclous. J. K., 2 
Dendrochronology comparison: Damon, P. E., 22 
Dos Cabezas Mtns., Cochise Co.: Erickson, R. C., 3 
Excess Ar-40 in volcanic rocks: Damon, P. E., 14 
General: Marvin, R. F., 2; Smiley, T. L., 2 
Hopi Mesa, Apache Co.: Bannister, B., 1 
Ih'11COUS and Metamorphic rocks, Tucson and Santa Catalina Mtns.: Damon, P . 

E., 19, 20 
Igneous rocks, Arizona, general: Livingston, D. E., 1 
Igneous rocks associated with copper deposits: Creasey, S. C., 3 
Insolation studies prior to dating: Kuck, P. H .• 3 
Lake Cochise (Willcox Playa), Cochise Co.: Long, A •• 1; Martin, P. S., 2 
Laramide intrusives, Ray area, Pinal Co.: Moorbath, S. 
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GEOCHRONOLOGY (Continued) 
Laramide plutonic and volcanic rocks: Damon, P. E., 7 
Laramide and post Laramide magmatism, Basin and Range Province: Damon, 

P. E., 9 
Laramide and Tertiary plutons and extrusions: Damon, P. E., 11 
Lava dam, Grand Canyon: McKee, E. D., 6 
Mctamorphic rocks, Santa Catalina and Rincon Mtns.: Mauger, R. L., 7 
Navajo Land Claim IV: Stokes, M. A. 
Northern Arizona, radiometric date map: Marvin. R. F., 1 
Ore deposits. Arizona: Mauger, R. L., 4 
Pleistocene, WUlcox Basin: Long, A., 2 
Porphyry copper deposits: Livingston, O. E., 4; Mauger, R., 1 

, southern Arizona: Rose, A. W., 1 
Post Laramide igneous rocks, southeastern Arizona: Damon, P. E., 6 
Potassium-argon dating, Colorado Plateau: Armstrong, R. L., 1 

, San Franciscan volcanic field: Baksi, A. K. 
---, Tucson Mtns.: Blkerman, M., 2 
Precambrian: Wasserburg, G. J. 
___ , central Arizona: Livingston, O. E., 3 
___ , GUa Co.: Livingston, D. E., 5, 7 
___ , Grand Wash Cliffs: Lanphere, M. A., 1 

, western North America: Silver, L. T .• 6 
PreCambrian isotopic dates, general: Bickford, M. E. 
Precambrian orogenies, southwestern United States: Lanphere, M. A., 2 
Precambrian strata, central Arizona: Livingston, D. E., 6 
Radio carbon dates: Damon, P . E., 2, 10: Grey, D. C.; Haynes, C. V., 3, 8 

, Broken K Ranch: Vogel, J. C. 
Remanent magnetism, Snaketown, Pinal Co. : Weaver, K. F. 
Rhyodacites, southeastern Arizona: Damon, P. E., 1 
Southeast and east central Arizona: Damon, P. E., 3 
Sunset Crater eruptions : Breternitz, David A. 
Tertiary igneous rocks, northwestern Mohave Co. : Armstrong, R. L., 3 
Tertiary rocks. Chocolate and Laguna Mtns •• Yuma Co.: Olmsted, F. H .• 2 
Tree ring dates, northeastern Arizona: Bannister, B., 2 
Tsegi phase sites, northeastern Arizona: Dean, J. S. 
Volcanic and orogenic events, Tucson Mtns.: Damon, P. E., 5 
Volcanic rocks and ore deposits: Damon, P. E., 8, 12, 15, 16, 21 

, Mogollon rim area: Simpson, J. W. 
---, southeastern Arizona: Damon, P. E., 13 
Yavapai series, central Arizona: Lanphere, M. A., 3 
Zircon age dates, Pima Co.: Catanzaro, E. J., 2 
Zircons by uranium-lead isotopes, pre-Devonian intrusions: Silver, L. T., 4 

GEOGRAPHIC DATA 
Spirit leveling: Marshall, R. B., I, 2 
State and Federal boundries: Van Zandt, F. K. 

GEOLOGIC MAPS See MAPS 
GEOMAGNETISM Soe GEOPHYSICS AND GEOPHYSICAL PROSPECTING 
GEOMORPHOLOGY See PHYSIOGRAPHY AND GEOMORPHOLOGY 
GEOPHYSICS AND GEOPHYSICAL PROSPECTING See also MAPS 

Aeromagnetic surveys, Blue Range primitive area, Greenlee Co.: Eaton, 
G. P., 2, 4 

__ , Colorado Plateau: U. S. Geol. Survey, 14 
___ , Globe-Miami area: Jespersen, A. 
___ , Meteor Crater: Brereton, R. G. 
___ , Morenci area, southeastern Arizona: U. S. Geol. Survey, 13 
__ , porphyry copper deposits: Mabey, D. R. 

, Safford and San Simon basins: Eaton, G. P., 1 
Bouguer gravity map, United States: American Geophysical Union 
Central Arizona crust: Benham, M. J. 
Electrical, magnetotelluric, Colorado Plateau: Plouff, D., 2 
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GEOPHYSICS AND GEOPHYSICAL PROSPECTING (Continued) 
• magnetotelluric survey, southwestern United States: Swift, C. M. 

--. properties of porphyry copper deposits: Maillot, E. E. 
Gravity surveys, Ajo, Pima Co.: Bell, P. M .• 2 
___ , Avra Valley, Pima Co.: West, R. E. 
___ , central Arizona project: Peterson, D. L .• 1 
___ , general: Bhuyan, G. Ch.; Cook, K. L •• 1 
___ , history: Sumner. J. S. I 5 
___ , Luke Air Force Base, Maricopa Co.: Peterson, D. L • • 6 
___ , Needles area, Mohave Co.: Peterson, D. L .• 5 
___ , northern Arizona: Popenoe, P. 
___ , review of program at University of Arizona: Sumner. J. S .• 1 
___ , Ruby-Pena Blanca area, Santa Cruz Co.: Hench, S. W. 
__ , Safford and San Simon basins: Eaton, G. P., 1 
___ , Sulfur Spring Valley. Cochise Co.: Peterson, D. L •• 2 
___ , Tucson area: Plouff, D., 1 
___ , Bisbee, underground: Sumner. J. S .• 3 
___ , U. S. Geol. Survey investigations in Arizona: Case, J. E. 
__ , watershed hydrology, Walnut Gulch: Spangler, D. P., 1 

, Yuma area: Peterson, O. L., 3 
Groundwater applications: Anderson, T. W.; Heinrichs, W. E., Jr. 
Heat flow: Lootbourow, R. L.; Roy, R. F., I, 2 

, Ajo, Pima Co.: Bell, P. M., I, 2 
History of southern Arizona basins: Sumner, J. S., 2 
Hopi Buttes volcanics, Navajo Co.: Laidley, R. A., 1 
Hydrologic boundries, Tucson Basin: Davis, R. W. 
Induced-Polarization, Gila Co.: Hallof, P. G. 

, Meteor Crater: Wilkins, J., Jr. 
--, mineralized porphyry rocks: Ouraishi, R. 
liilTai-ed survey, Tucson and Safford areas: Strangway, D. W., 1 
Magnetic studies, Buell Park, Apache Co.: Dubois, R. L., 1 
Magnetograms, Tucson station: U. S. Coast and Geodetic Survey 
___ , New Cornelia copper deposit, Pima Co.: May, B. T., 2 
___ , northern Arizona: Porath, H.; Reitzel, J. S. 
__ , porphyry copper, Ajo area: May, B. T., 1 
___ , red sandstones: Collinson, D. W. 
___ , southern Arizona: Schmucker, U. 

, volcanics, SP Crater area: Strangway, O. W., 2 
MI'SsTon mine, Pima Co.: Lacy, R. J. 
Paleomagnetism, cbanges in last 3,000 years: Bucha, V. 
___ , (rom Indian pottery: Dubois, R. S., 4 
___ , Permian Redbeds, Colorado Plateau: Farrell, W. E. 
___ , Precambrian rocks, central Arizona: Helsley, C. E. 
___ , Precambrian, western United States: Runcorn, S. K. 
__ , San Franciscan Volcanic Field: Babbitt, B. E. 
___ , southwestern United States: Dubois, R. L., 2. 3, 5, 6, 7 
__ , Tertiary and Quaternary rocks: Cae, R. S. 

, Tertiary basalts, southwestern United States: Kana, M., I, 2 .==-. volcanics, Mogollon rim area: Simpson, J. W. 
, western hemisphere: Science 

Plate tectonics: Guilbert, J. M .• 2 
Playa basins, general: Cabaniss. G. H. 
Porphyry copper deposits: Brant, A. A.; Guilbert, J. M., 2; Sumner, J. S., 4 
Radar sensing, linear study, Grand Canyon: Jefferis, L. H. 
Radar survey, Cave Springs, Mohave Co.: MacDonald, H. C. 
__ , Flagstaff area: Schaber, G. G., 2 
___ , Meteor Crater: Schaber, G. G., 1 
___ , northern Arizona: Schaber, G. G. , 3 
Resistivity, Cameron area, Coconino Co.: Keller, G. V. 
___ , Colorado Plateau area: Jackson, D. B. 
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, Gila Co.: Hallof, P. G. 

S'a'ffOi-d area: Andreasen, G. E., 3 
San Simon Valley area: Andreasen, G. E., 4 
Seismic refraction survey, Payson area, Gila Co.: Warren, D. H., 4 

, Tombstone-Walnut Gulch area, Cochise Co.: Libby, F. 
--, Tonto Forest Observatory: Warren, D. H., 1 
--, Walnut Gulch, Cochise Co.: Libby, F.; Wallace, D. E., 2 
Seismics, earthquakes: Ryall, A.; Sturgul, J. R.; Wool1ard, G. P., 2 
__ , P and S waves, Tucson Station: Solomon, S. C. 
__ , refraction study, Colorado Plateau: Rol1er, J. C. 
__ , refraction study, western and northeastern Arizona: Prodehl, C. 
__ , reservoir loading effects, Boulder Dam area: Carder, D. S. 
__ , SH wave detection: Whitcomb, J. H. 

, upper mantle studies: Kovach, R. L.; Kumazawa, M. ; Niazi, M. 
Seismic studies, Flagstaff area: DeBremaecker, J. C.; Krivoy, H. L. 
__ , Goldmine Mtn., Pinal Co.: Fix, J. E. 
__ , lava tube detection, Kana-a flow, Coconino Co.: Watkins, J. S. 0 2 
__ , northern Arizona: Healy, J. H. 
__ , Payson area: Duda, S. J. 
__ , Safford and San Simon basins: Eaton, G. P., 1 
__ , Tonto Forest Observatory: Linville, A. F. 

velocities, volcanic rocks, northern Arizona: Watkins, J. S., 1 
Shonto diatreme, Hopi Buttes area: Sutton, R. L. 
Thermal gradients: Loofbourow, R. L. 
Thermoluminescence, Arizona: Sabels, B. E. 

, Sunset Crater area: Aitken, M. J. 
Tombstone area: Andreasen, G. E., 2 
Twin Buttes area: Andreasen, G. E., 1 
Walnut Gulch watershed, Tombstone area: Spangler, D. P., 2 

GEOTHERMAL 
Resources: Haigler, L. B. 
Thennal Springs, United States: Waring, G. A. 

GOLD See METALLlFEROUS MINERAL COMMODITIES, Gold; MINES AND 
MINING DISTRICTS 

GRAND CANYON See AREAS DESCRmED 
GROUND WATER AND WATER SUPPLY 

Aljeto wash area, Navajo Co., well and drill data: U. S. Geo!. Survey, 10 
Apache Co., central: Akers, J. P. 0 1 
Artificial recharge, bibliography: Signor, D. C. 
Avra and Altar valleys, Pima Co.: White, N. D., 7 
Basin fill aquifers, SaHord and San Simon basins: Eaton, G. P. 0 1 
Beaver Creek, Yavapai Co.: Brown, H. E., 2; O'Connell, P. F. 
Big Sandy Valley. Mohave Co.: Gillespie, J. B. 
Cibecue Ridge area, Gila Co.: Collings, M. R. 0 I, 3 
Climatic effects, Gila River: Collings, M. ' R., 4 
Coconino Co., southern: McGavock, E. H., 3 
Colorado River: Babcock, H. M., 3 

, channel ways: Caddie, G. H. 
--, floods: Patterson, J. L. 
--, lower: Hely, A. G.; Mceker, R. I.; Metzger, D. G., 2jOlmsted, F. H. o l' 
--Rummage, K. W. 
__ , mineral concentrations: Srcckumaran, C. 

, open channel discharge rates: Maddock, T. 
--, sediment yield: Holeman, J. N. 
--, surface water: Eisenhuth, H. P.; U. S. GeoI. Survey, 4; Wilson, A. 
--, upper: Babcock, H. M., 2; lorns, W. V., 1, 2; Johnson, P. W., 1; 
--Rasmussen, J. L. 
__ , water quality: Van Denburgh, A. S. 
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GROUND WATER AND WATER SUPPLY (Continued) 
Consumptive use by native plants, Yuma area: McDonald, C. C. 
Cottonwood Wash, Mohave Co.: Bowie, J. E .• 1. 2 
Crazy Jug area, Grand Canyon: Beck, G. L., 1 
Dateland-Hyder area, Maricopa and Yuma COB.: Weist, W. G •• Jr. 
Depletion analysis, central Arizona: Anderson, T. W. 
Development by horizontal drilling, Mt. Lemmon area: Townsend, J. R. 
Douglas Basin. Cochise Co. : White, N. D •• 8 
Electrical data analysis. San Simon Basin: White, N. D .• 5 
Evapotranspiration: Collings, M. R •• 3; Cruff. R. W. 
Floods: Roeske, R. H.; Rostvedt, J . O. 
__ , (1966) Gila River Basin: Aldridge, B. N •• 4 
__ , (1966) Gila and Salt rivers: Aldridge, B. N., 2 
__ , (1962) Marana area: Aldridge, B. N. t 3 
___ , Maricopa Co. : Werho, L. L. 
__ , (lgG3) Prescott area: Aldridge, B. N .• 1 
___ , peak runoff, Oak, Rilliot, and Sonoita creeks: Dalrymple, T. 

• report, southern Arizona: Lewis, D. D. 
Ft. Huachuca. Cochise Co.: Brown. S. G., 2 
General: Arizona Bureau of Mines; Arizona Interstate Stream Commission; 

Arizona State Land Department, 1, 2; Babcock, H. M •• 1, 4; Cox, C. J. 
Gookin. W. S.; Harshbarger, J. W., 2; Heindl, L. A., 4; Ligner, J. J.; 
McGuinness, C. L., I, 3; Murray, C. R.; Peterson, H. V.; Reetz, G. R.; 
Robinson, T. W.; Thomas, H. E.; U. S. Bureau of Reclamation, 1, 2; U. S. 
Geol. Survey I, 8, 9, 11; White, N. D., 1, 2, 4 

Geothermal resources; Haigler, L. B. 
Gila Bend Basin, Maricopa Co.: StuUk, R. S •• 3 
Gila River, above Coolidge Dam: Burkham, D. E., 4 

, gaging analysis: Burkham. D. E., 2 
---, phreatophyte project: Culler, R. C., 1. 2, 3; Davidson. E. S., 4; Laney, 
--n. L., 3; Miller. R. F.; Myrick, R. M. 

, surface water: Burkham, D. E., 5 
--, water quality: Van Denburgh, A. S. 
Grand Canyon area, Muav aquifer: Beck, G. L., 2. 3 
Granitic soil watersheds, eastern Mazatzal Mtns.: Pase, C. P. 
Harquahala plains. Maricopa Co.: Stullk. R. S .• 1 
Hopi Indian Reservation: Whitsell, W. J. 
Hopi and Navajo Indian reservations; Cooley, M. E., 3, 7; McGavock, E. H., 1 
Hualapai Indian Reservation, Coconino and Mohave Cos. : Twenter, F. ~. 
Hualapai Valley, Mohave Co. : Gillespie, J. B. 
ton dispersion. San Pedro Valley: Wallace, D. E •• 3 
Kaibab Plateau, Coconino Co.: Huntoon, P. W., 5 
Lake Mead Recreational Area: Bentley, C. B. 
Lukachukai area, Apache Co.: Edmonds, R. J. 
Luke area, Maricopa Co. : Stulik, R. S., 2 
McMullen Valley, west-central Arizona: Briggs, P. C., 2; Kam. W., 1 
Moisture tension data: U. S. Department of Agriculture 
Montezuma well, Yavapai Co.: Cole, G. A .• 2 
Muavaquifer, Grand Canyon area: Beck, G. L., 2, 3 
Navajo and Hopi Indian reservations: Cooley, M. E., 3, 7; McGavock. E. H .• 1 
Paleo-hydrology, Mohave Co.: Anderson, R. E. 

• Redington-San Manuel area: Agenbroad, L. D. 
Palo Verde Valley, Yuma Co.: Rummage. K. W. 
Paradise Valley. Maricopa Co.; Arteaga, F. E. 
Phoenix area: Schneider, W. J. 

• public supply: Durfor, C. N., 2 
---. reclamation: Bouwer, H., I, 2 
Pinal Co .• western: Hardt. W. F., 1, 2; Kister. L. R .• 2 
Quality: Dufor, C. N., 1; U. S. Geol. Survey, 2. 3 
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GnOUND WATEH AND WATER SUPPLY (Continued) 
Rainfall gaging, Cochise Co.: Osborn, H. B., 2 
Ranegras Plain, Yuma Co.: Briggs, P. C., 3 
Recession flows, Beaver Creek, Yavapai Co.: Brown, H. E., 1 
Recharge: Simpson, E. S. 

, estimation, Rillito River: Moench, A. F. 
Red Lake Playas: Kerr, P. F.; Neal. J. T., 1 
Redington area, San Pedro Valley: Zimmermann, R. C. 
___ , San Manuel area, San Pedro Valley: Agenbroad, L. D. 
Requirements for electrical generating plants, northern Arizona: Buell, E. H. 
Rillito River, Tucson area: Moench, A. F. 
RWlOff: Busby, M. W. 

, over bahadas and pediments: Rahn, P. H., 4 
Sacramento Wash, Mohave County: Gillespie, J. B. 
Salinity tests, Safford Valley: Hem, J. D. 
Salt River Valley, Maricopa Co.: Kam, W., 3 
__ , infiltration (1965): Briggs, P. C., 1 
San Francisco Plateau (Flagstaff), Coconino Co.: Akers, J. P., 2 
San Pedro Valley, Mammoth area: Harshbarger. J. W., 4 
San Simon Basin, Cochise and Graham Cos.: White, N. D., 5, G 
San Xavier Reservation, Pima Co. : Heindl, L. A .• 1 
Santa Cruz River, influent: Wilson, L. G. 

, recharge distribution: Matlock, W. G., 2 
Santa Cruz Valley: Matlock, W. G .• 1 
Sells area, Pima Co.: Matis, J. P. 
Sitgreaves Mtn. area, Coconino Co.: GUman, C. R. 
Sonoita Creek Basin, Santa Cruz Co.: Nassereddin, M. T. 
Streambed evaporation: Sorey, M. L. 
Streamflow, central Arizona: Hibbert, A. R. 

, East Verde River: Hjalmarson, H. W. 
---, eradication, Corduroy Creek Basin: Collings, M. R., 2 
---, Santa Cruz River: De La Torre, A. C. 
Surface water temperatures: Blakley, J. F. 
Sycamore Creek. Maricopa Co.: Thomsen, B. W., 1 
Tucson area: Schneider, W. J. 

, public supply: Durfor, C. N., 2 
Tucson Basin: Davidson, E. S., 2, 3; Harshbarger, J., 1, 3; U. S. Geol. 

Survey, 12 
___ , analysis: Laney, R. L., 1 
___ , C-14 dating: Bennett, R., I, 2 
___ , economic analysis: Kelso, M. M. 
___ , hydrochemical facies: Smoor, P. B. 
___ , hydrologic boundries: Davis, R. W. 
___ , infiltration: Burkham, D. E., I, 3; Lyford, F. P. 
___ , operations research study: KisIel, C. C., 1. 2 
Usage, copper industry: Mussey. O. D. 
Virgin River Valley: Glancy, P. A. 
Volcanic rocks, southern Arizona: Heindl, L. A., 6 
Walnut Gulch watershed, Cochise Co.: Osborn, H. B., 1; Qashu, H. K.;Renard, 

K. G.; Spangler. D. P., I, 2; Wallace, D. E., I, 2 
Waterman Wash area. Maricopa and Pinal Cos.: Denis, E. E. 
Watershed use in investigations, Cochisc Co.: Kincaid, D. R. 
Willcox Uasin, Cochise Co.: Brown, S. G., I, 3; Kister, L. R., 1 
Willcox Playas: Kerr. P. F.; Neal , J. T., 1 
Williams, Coconino Co.: Thomsen, B. W., 2 
Withdrawal effects, central Arizona: White, N. D •• 3 
Window Rock, Apache Co.: Edmonds, R. J. 
Winslow Playas: Kerr, P. F.; Neal, J. T., 1 
Workman Creek watershed, central Arizona: Rich, L. R. 
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GUIDEBOOKS See also ROAD LOGS 
Arizona Highways 77 and 177: Peirce, H. W., 5 
Colorado River, Lee's Ferry to Phantom Ranch: Hamblin, W. K., 4; Pewc, 

T. L., 1 
, Marble Canyon and Grand Canyon: Simmons, G. C. 

--, Phantom Ranch to Lake Mead: Hamblin, W. K., 5 
Defiance area, Apache Co.: Trauger, F. D. 
Eastern Arizona border: WilsoD, E. D., 1 
Four Corners region, Colorado Plateau: National Assoc. of Geology Teachers 
Gems of Arizona: Simpson, B. W. 
Grand Canyon area: Four Corners Geol. Soc., 2; Hamblin, W. K., 6, Mitchell. 
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Zeolites, Bowie area, Cochise Co.: Sand, L. B. 
Zircons, Dripping Spring Formation, Gila Co.: Nebru, C. E. , 4 

MINES AND MINING DISTRICTS 
Ajo district, Pima Co.: Wadsworth, W. B., 2 
Agua Fria district, Yavapai Co. : Evenson, J. M. 
Arivaca district, Santa Cruz Co.: Conwell, C. N. 
Bagdad district, Yavapai Co.: Baker, A., III, 2 
Banner district, Gila Co.: Eastlick, J. T. 

, Pima Co.: Tboms, J. A. 
Bisbee district (Warren), Cochise Co.: Bryant, D. G., 1, 2, 3; Nye, T. B. 
Black Mesa mine (Peabody), Navajo Co.: Arnold, J. M. 
Bluebird mine, GUa Co. : World Mining, 3 
Cactus deposit, Gila Co.: Hallof, P. G. 
Campbell mine, Bisbee, Cochise Co.: Navias, R. A. 
Chrisbnas mine, GUaCo.: Eastlick, J. T. i Metal Min. and Processing; Perry, 
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MINES AND MINING DISTRICTS (Continued) 
D. V., 1, 2; Willden, R. 

Copper Basin district. Yavapai Co.: Beckman, R. T. 
Copper Cities mine, Gila Co.: Simmons, W. W. 
Dome Rock Mtn. district, Yuma Co.: Beckman. R. T. 
Dripping Spring Quartzite mine, Gila Co.: Osterwald, F. W. 
Esperanza district, Pima Co.: Mauger, R. L., 5 
Esperanza mine, Pima Co.: Lynch, D. W., I, 2, 4; Mauger, R. L., 2 
Fluorspar. property list: Arizona Department of Mineral Resources, 2 
General: Arizona Bureau of Mines 
Globe-Miami district, Gila Co.: Jespersen, A. 
Glove mine, Santa Cruz Co. : Olson, H. J. 
Gold districts: Kosclunann, A. H. 
Greaterville district, Pima Co.: Gross, M. P. 

I geochemical anomalies: Drewes, H., 7 
HaCkCanyon mine, Mohave Co.: Osterwald, F. W. 
History I general: Arizona Department of Mineral Resources. 3 
Inspiration mine, Gila Co.: Johnson, P. W., 2; Olmstead, H. W. 
Iron King district, Yavapai Co.: Creasey. S. C., 1 
Iron Kingmine, Yavapai Co. : Gilmour, P.; Krieger, M. H., 1; World Mining, 2 
Ithaca Peak (Mineral Park), Mohave Co.: Eldel, J. J., 1; Jancic, T .• I, 2 
Kalamazoo orebody, Pinal Co.: Lowell, J. D., I, 2 
Lakeshore mine, Pinal Co.: Engineering and Mining Journal, 1; Harper, H. E. 
Las Guijas district, Pima Co. : Sheikh, A. M. 
Lone Star district, Graham Co.: Hansen, S. M.; Robinson, R. F. 

, Project Sloop: Engineering and Mining Journal, 3 
Lukachukai district, Apache Co. : Chenoweth, W. L., 2 
Magma mine area, Pinal Co.: Hammer, D. F. 
Marble, property list: Arizona Department of Mineral Resources, 1 
Mazatzal district, Gila and Maricopa Cos.: Beckman, R. T. 
Miami mine, Gila Co.: Hardwick, W. R. 
Mineral Creek district, Pinal Co.: James, A. H. 
Mineral Park (Ithaca Peak), Mohave Co.: Eidel, J. J., 1; Jancic, T., I, 2 
Mission mine, Pima Co.: Argall, G. 0., Jr.; Gale, R. E.; Kinnison, J. E., I, 

2, 3; Tainter, S. L.; Vincent, J. D. 
, soil analysis, Pima Co,: Canney. F. C., 1 

Monument Number 2 mine. Navajo Co.: Malan, R. C.; Witkind, I. J. 
Monument Valley district, Navajo Co.: Johnson, H. S., Jr.; Malan, R. C.; 

Wilkind, r. J. 
Morenci district, Greenlee Co.: Moolick, R. T. 
New Cornelia mine, Pima Co.: Dixon, D. W.; May, B. T., 2 
Oatman mining district, Mohave Co. : Peters, W. C., 3 
Oro Blanco district, Santa Cruz Co. : Knight, L. H., Jr., 2 
Orphan mine , Grand Canyon: Gornitz, V. M .• 1. 2; Kofford, M. E.; Osterwald, 

F. W. 
Owl Head mining district, Pinal Co.: nes, C. D. 
Phoenix Mtn .• Maricopa Co.: Beckman, R. T. 
Pima mine, Pima Co.: Hamel, J. V.; Komadina, G. A .•. l, 2; Martin, M. D., 

I, 2: Mauger, R. L., 6; Shelton, D. C. 
Pinto Creek district, Gila Co.: Scholl, L. 
Ray mine, Pinal Co.: Metz, R. A., I, 2 
Ridinour mine, Coconino Co.: Osterwald, F. W. 
Riverview mine, Coconino Co.: Chenoweth, W. L., 1 
San Manuel (Mammoth), Pinal Co.: Creasey, S. C .• 2 
San Manuel mine, Pinal Co.: Hatheway, A. W., 1. 2; Malozemoff, P.; Pelletier, 

J. D.; Thomas, L. A. 
Sierrita mine, Pima Co.: Jancic, T., 3; Lutjen, G. P. 
Silver Bell district, Pima Co.: Buseck, P. R., Ii Clarke, C. W.; Mauger, 

R. L., 5, 6; Richard, K. 
Silver Bell mine, Pima Co.: Hewlett, R. F.; Mauger. R. L •• 2 
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MrNES AND MINING DISTRICTS (Continued) 
Sunshine mine, Pima Co,: Thoms, J. A. 
Tombstone district, Cochise Co.: Lee, L. C.; Meyer, W. J. 
Turquoise district, Cochise Co.: McRae, O. M.; Jones, R. W., 2 
Twin Buttes, Pima Co.: Caldwell, A. B.; Engineering and Mining Journnl, 4 
Twin Buttes district, Pima Co. : Weaver, R. R . 

, color and infrared aerial photos: Cooper, J. R., 2 
Twin Buttes mine, Pima Co.: Engineering and MiningJourn:ll, 2; World Mining, ] 
Wallopai district, Mohave Co.: Eidel, J. J., 2; Frost, J. E. 
Warren (Bisbee) district, Cochise Co.: Bryant, D. G., I, 2, 3; Nye, T. n. 
West San Xavier mine, Pima Co.: Mitcham, T. W. 

MIOCENE See STRATIGRAPHY 
MISSISSIPPIAN See PALEONTOLOGY; STRATIGRAPHY 
MOLYBDENUM See METALLIFEROUS M'QIlERAL COMMODITIES, Molybdenwn 
NATURAL GAS See FUELS 
NONMET A LLIFEROUS MINERAL COMMODITIES 

Alunite: Keith, S. B., 3 
, Patagonia area, Santa Cruz Co.: Schrader, F. C. 

Anhydrite: Keith, S. B., 8 
Asbestos: Shride, A. F., 2 
Barite: Brobst, D. A., I. 2 
Basalt: Keith, S. B .• 4 
Bentonite, Yavapai Co.: Norton, J. J .• 1 
Brucite: Ericksen, G. E. 
Clay: Patterson, S. H. 
Construction material, Tucson area: Williams, F. E., 3 
Corundum: Larrabee, D. M. 
Diatomaceous earth: Williams, F. E., 2 
Diatomite: Peirce, H. W., 9 
Dolomite: Keith, S. B., 9 
Feldspar: Keith, S. B .• 5 
Fluorspar: Van Alstine. R. E. 
Gas (exclusive of fuels), hydrogen sulfides: O'Sullivan, R. B., 3 

, nitrogen: O'Sullivan, R. B., 3 
General: Arizona Bureau of Mines; Funnell, J. E.; United States Bureau of 

Mines, 2, 6 
Granite: Keith, S. B., 6 
Guano: Keith. S. B., 7 
Gypsum: Keith, S. B., 8 

• Pinal Co.: Hardas, A. V. 
Kyanite: Espenshade, G. H., 2 
Limestone: Keith, S. B., 9 
Magnesite: Ericksen, G. E. 
Marble: Keith, S. B., 9 
Mica: Moore, R. T., 13 
Nitrates: Keith. S. B •• 7 
Perlite: Peirce, H. W., 11; WUliams. F. E., 2 
Phosphates: Keith, S. B., 7 
Pozzolon: U. S. Bureau of Mines, 4 

, Glen Canyon Dam COtlstruction: Williams, F. E., 1 
Pozzolon potential in Arizona: Wtlliams. F. E., 2 
Pumice: Williams, F. E., 2 
Quartz and quartzite: Keith, S. B .• 10 
Salines: Peirce, H. W' I ]2 
Salt, Holbrook Basin: Peirce, H. W .• 3 

, Luke Dome, Maricopa Co. : Eaton, G. P. I 5 
Sand and gravel: Keith, S. B .• 11 
Sandstone: Keith, S. B., 12 
Shale: Keith, S. B., 13 
Slate: Keith, S. B., 13 
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NONMETALLIFEROUS MINERAL COMMODITIES (Continued) 
Sb'm(' productA: Keith, S. B .• I:l 
SlronLium: Moort" H. T •• }II 
Sulfur: Bodcnlos, A. J. 
Vermiculite: Moore, R. T .• 15 
Zeolites: Sheppard, R. A. 

OIL See FUELS 
ORE DEPOSITS See ECONOMIC GEOLOGY; METALLIFEROUS MrnERAL 

COMMODITIES; MrnES AND MrnrnG DIBTRICTS; NONMETALLIFEROUS 
MrnERAL COMMODITIES 

PALEOMAGENTIBM See GEOPHYSICS AND GEOPHYSICAL PROSPECTrnG 
PALEONTOLOGY 

Actinocelia maeandrina in Kaibab Limestone: Griffin, L. R. 
Amphibians, Marble Canyon area: Breed, W. J., 3 

, Moenkopi Formation, Coconino and Navajo COB.: Welles, S. P •• 2 
Aii"i'iDal tracks, Permian, DeChellySandstone, Monument Valley: Vaughn. P. P. 
Arancarioxylon. JurassiC, Petrified Forest National Park: Knowlton, F. H .• 1 
Brachiopods, Devonian, northwestern Arizona: Dutro, J. T., Jr. 
CenozoiC, Benson and Curtis Ranch faunas, San Pedro Valley: Lammers, 

G. E., 2 
, mollusks, San Pedro Valley: Russell, R. H. 

CiiarOphyta, Pennsylvanian-Permian, Triassic, Coconino Co.: Peck, R. C. 
Ciconia rna/tha , Pleistocene, Mohave Co.: Phillips, A. R. 
Conodonts. Devonian-Mississippian: Ethington. R. L. 

, Pennsylvanian-Permian, Northern Dragoon Mtns., Cochise Co.: Micklln, 
--R. F. 

, Permian: Clark, D. L. 
--, Permian, Naco FormatioD. south-central Arizona: Reid, A. M., 3 
cretaceous, Adobe Canyon, Santa Rita Mills.: Miller, H. W" Jr •• 3 

, fauna, southern Arizona: Miller. H. W., Jr., 1 
--, Upper, fauna. Adobe Canyon, Santa Rita Mtns.: Miller, H. W., 2 
Devonian, Coccosteomorph arthrodires, central Arizona: Miles, R. S. 
Dilophosaurus : Wells, S. P., 4 
Dinophyton, Upper Triassic, general: Ash. S. R., 6 
Dinosaurs, northern Arizona: Breed, W. J., 5 
Echinoderms, central Arizona: Webster, G. D. 
Eocrinoids, Cambrian, western North America: Robison, R. A. 
Fauna, Abrlgo Formation, Cochise Co.: Palmer, A. R. 

• Pleistocene, extinction environment: Mehringer, P. J., Jr., 3 
--, Pleistocene, 111 ranch area, Graham Co. : Wood, P. A. ==. Plio-Pleistocene, San Pedro Valley, Cochise Co.: Lammers. G. E., 1 

J Upper Cambrian, United States: Lochman-Balk, C., 3 
Ferns, Dakota Sandstone, northeastern Arizona: Rushiorth, S. R. 
Flora, Chinle Formation, Navajo Co.: Breed, W. J., 7 
__ , Chinle Formation, northeastern Arizona: Ash, S. R., 2. 3 
__ , Chinle Formation, Petrified Forest National Park: Gottesfeld. A. S. 
__ , Chinlea Triassic, Cblnle Formation, Holbrook area: Miller, C. N., Jr. 
__ , Devonian: Canright, J. E., 1 
__ , Mogollon Rim area: Blazey, E. D. 

, Osmunditt?,f walker Triassic, Chinle Formation, Holbrook area: Miller. 
--C. N., Jr. 
__ , Paleocene, northeastern Arizona: Brown, R. W. 
__ , Pleistocene, San Francisco Mtns . , Coconino Co.: Moore, T. C. 
__ , pollen, Lehner Mammoth site, Cochise Co.: Mehringer, P. J., Jr., 1 
__ , pollen, Quaternary, Cochise Co.: Martin, P. S .• 2 
__ , pollen, Quaternary, southwestern United States: Martin, P. S .• 3, 4 
__ , pollen analysis, San Pedro Valley: Mehringer. P. J .• Jr., 2 

, pollen analysis, Sonoran desert: Hevly, R. H. 
Foraminifera, Pliocene, southeastern Arizona: Smith. P. B •• 1, 2, 3 
Forams, Permian (Earp Fonnation), Cochise Co.: Dubin, D. J. 
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PALEONTOLOOY (Continued) 
FusUinids. Horquilla Limestone, Cochise Co.: Estes, W. S. 

, Naco group, Chiricabua and Dos Cabezas Mtns.: Sabins. F. F., Jr .• 2 
---, Pennsylvanian, Gila Mtns.: Ross, C. A., 4 
---, Pennsylvanian, Horquilla Lbnestone, southeastern Arizona: Ross, 
--C. A., I, 2 

• Pennsylvanian-Permian, northern Dragoon Mtns., Cochise Co.: Micklin, 
--R. F. 

, Pennsylvanian and Permian, Whetstone Mtns.: Ross, C. A .• 3 
---, Permian, Naco Formation, south-central Arizona: Reid, A. M., 3 
Gastropods, Permian, eastern Arizona: Batten, R. L. 
Hadrokkosaurus bradyi , Moenkopi Formation: Welles, S. P., 3 
Kaibab Formation, northwestern Arizona: Fisher, W. L., 3 

, Permian fossils: Beus, S. S., 1 
Mammals, capybaras, Gila and San Pedro valleys: Lance, J. F. 
___ , mammoth, Murray Springs, San Pedro Valley: Haynes, C. V., 5 
___ , mammoths, Liekum site, Cochise Co.: Haynes, C. V., 1 
___ , mammoths, San Pedro Valley: Hemmings, E. T., 1 

, Pleistocene, southwestern United States; Martin, P. S., 1 
Mammuthus : Saunders, J. J. 
Mlcroflora , Chinle Formation, Petrified Forest National Park: Gottesfeld, 

A. S. 
Nautiloids, Marble Canyon: Breed, W. J., 6 

, Permian Toroweap Formation: Beus, S. S.' 4 
Paleoecology, Snowflake, Arizona: Bohrer, V. L., 2 
Paleozoic (upper), zones and provinces in United States: Read, C. B .• 1 
Palynology. Chuaria shales, Grand Canyon: Downie, C . 

• Coal Canyon. Coconino Co. : Agasie, J. M., I, 2 
--, Hay Hollow, Navajo Co.: Bohrer, V. L., 1 
--, Potato Lake, Coconino Co.: Whiteside, M. C., 1 
Palynology-coals, Black Mesa: Romans, R. C. 
Pediastrum (algal), Potato Lake, Coconino Co.: Whiteside, M. C., 2 
Pennsylvanian. algal bioherms, northeastern Arizona: Elias, G. K. 
___ , Naco Formation, Dripping Springs Mtns. : Reid, A. M., 1 

, Naco Formation. south-central Arizona: Reid, A. M .• 2 
Permian, Kaibab Formation, Mogollon Rim area: Mather, T. J. 

, Paradox Basin, northeastern Arizona: Kirkland, P. L. 
Plagiophyllum simpsonii, Petrified Forest: Ash, S. R.. 5 
Plants, Mesozoic and Cenozoic, North America: Knowlton, F. H., 2; La Motte, 

R. S. 
Pleistocene, collagen content in fossU bone: Wyckoff, R. w. G. 
Pliocene, Bouse Formation, Yuma Co. : Metzger, D. G •• 3 

I Lagomorphs, San Pedro Valley: Downey, J. S .• I, 2 
Pollen, Ephedra, Chinle Formation, northern Arizona: Scott, R. A. 

, Equisetosportes, Chinle Formation. northern Arizona: Scott, R. A. 
Precambrian, Bass Limestone. Grand Canyon: Smith, A. R. 
ParotoS(lurus peabody; , Moenkopi Formation: Welles, S. P., 1 
Reptiles, Triassic, Kayenta Formation: Lewis, G. E. 
Sigmodon, southeastern Arizona: Cantwell. R. J., 2 

, Tusker locality: Cantwell, R., 1 
Spider trackway, Coconino Formation, Seligman area: Ali, R. M. 
Spores, Devonian, Salt River Canyon area: Canright, J. E., 2 
Triassic, Chinle Formation: Ash, S. R., 5 
Triassic, upper: Ash, S. R., 1 
Triassic roots, Petrified Forest National Park: Daugherty, L. H. 
Tritylodontids, Kayenta Formation: Lewis, G. E. 
Vertebrates, cyprinid fishes, Bidahochi Formation: Uyeno, T. 

PEDIlIIENTS See PHYSIOGRAPHY AND GEOMORPHOLOGY 
PEGMATITES 

Beryllium bearing: Meeves, H. C" 2 
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PECMATITES (Continued) 
Iron rich zone, Kingman, Mohave Co.: Puffer, J. H. 
Petrochemical variations: Matter, P., m 
White Picacho district, Yavapai Co.: Laughlin, A. W. 

PENNSYLVANIAN See PALEONTOLOGY; STRATIGRAPHY 
PERMIAN See PALEONTOLOGY; STRATIGRAPHY 
PETRIFIED FOREST See AREAS DESCRmED 
PETROLOGY AND PETROGRAPHY 

Alkalic distribution in Stronghold Granite, Cochise Co.: Bock. C. M. 
Analcime and Sodium gneisses: Coombs, D. S. 
Brady Butte granodiorite, Yavapai Co.: Blacet, P. M •• 2 
Cenozoic basalts, western Grand Canyon area: Best, M. G., 1 
Cenozoic sediments, San Pedro Valley, Cochise Co.: Gray, R. S., 2 
Chert, 111 Ranch area, Graham Co.: Seff, P. 
Colina Limestone, Cochise Co.: Wnt, J . C. 
Cornelia pluton, Ajo area, Pima Co.: Wadsworth, W. B., I, 2 
Devonian rocks, Pima and Cochise Co.: Wright, J. J .• 2 
Devonian. Martin Limestone, Roosevelt Dam. Gila Co.: Tahmazian, G. A. 
Diabase sill complex, Sierra Ancha Mtns., Gila Co.: Smith, D •• 3 
Dolorite sill, Si.erra Ancha Mtns., Gila Co. : Nehru, C. E., 1 
Dos Cabezas Mtns., Cochise Co. : Erickson, R. C., I, 4 
Earp Formation, Pima and Cochise Cos.: Lodewick, R. E. 
Epitaph Dolomite, Tombstone Hills, Cochise Co.: Patch, S. 
Extinction characteristics, quartz: Blatt, H. 
Faraway Ranch Formation, Chiricahua Mtne., Cochise Co.: Fernandez, 

L. A., Jr. 
Fulgarites, Mt. Lemmon area: Walker, W. W., 3 
Fraquita Peak area, Santa Cruz Co. : Reed, R. K. 
Goldfield Mtns. volcaniCS, Maricopa Co.:" Fodor, R. V. 
Igneous Rocks, Kitt Peak area. Pima Co.: Min, M. M. 
Inclusions in Lava, Flagstaff area: Smouse, D. 

, Grand Canyon area: Best. M. G., 3 
Inclusions in Leatherwood Quartz Diorite, Pima Co.: Hanson, H. S .• 2 
Johnny Lyon Hills, Cochise Co.: Silver, L. T., 1 
Kaibab Formation, northern Arizona: Brown, J. W., 1,2 
Leatherwood Quartz Diorite, inclusions in: Hanson, H. S., 2 

, Santa Catalina Mtns.: Hanson, H. S .• 1 
Mii""rtin FormatioD, Pima and Cochise Cos.: Wright, J. J., 1 
Mineta Formation, Pima and Cochise Cos.: Clay. D. W. 
Morrison Formation, Colorado Plateau: Cadigan, R. A., 1. 2 
Navajo Sandstone, Glen Canyon: Rubenstein. S. R. 
Olivine-Diabase sill, Sierra Ancha Mtns. , GUa Co.: Smith, D., 2 
Pennsylvanian-Permian, northwestern Arizona: Bissell, H. J" 1 
Petrochemical variations: Matter, P., m 
Petrofabrics of inclusions, northeastern Arizona: Helrnstaedt, H. 
Piety Hill area, Pima Co.: Broderick, J. P. 
Pima district, Pima Co.: Mauger, R. L., 6 
Plant indicators of rocks: Bradbury, D. 
Precambrian. Troy Quartzite. Roosevelt Dam. Gila Co.: Tahmazian, G. A. 
Pyroxene variation in diabase, Sierra Ancha Mtns., Gila Co.: Smith, D. , 1 
Quartz diorite stock. Superior area, Pinal Co.: Puckett, J. C., Jr. 
Quartz monzonites, Silver Bell and Esperanza mines: Mauger. R. L., 5 
San Franciscan volcanic field, Coconino and Yavapai Cos.: Deal, E. G., 1; 

McLain, J. P. 
Santa Catalina Mtns. (southern half), Pima Co.: Pilkington, H. D. 
Schultz Granite. Gila and Pinal Cos. : Clary, T. A. 
Sherrer Formation, Cochise Co.: Luepke. G. 
Sierra Ancha Sill, Gila Co. ! Nehru. C. E .• 2 
Sie rrita Mtns., eastern part, Pima Co.: Lootens, D. J .• 1 
Sill complex, Sierra Ancha Mtns., Gila Co.: Nehru, C. E., 3 
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PETROLOGY AND PETROGRAPHY (Continued) 
Silver Bell district. Pima Co.: Mauger. R. L., G 
Silver Bell Mtns •• Pima Co,: Watson, B. N • • 1 
Tertiary volcanics, Pima and Pinal Cos.: Eastwood, R. L .• 1 
Thermoluminescence in limestones: Johnson, N. M. 
Ultramnfic inclusions in volcanic rocks, San Francisco volcanic field: 

Cummings, D. 
Volcanic rocks, Navajo and Hopi Indian Reservations: Nicholls, J. W. 

, Plomosa Mtns., Yuma Co.: Miller. F. K .• 1 
PE TROLEUM See FUE LS 
PHYSIOGRAPHY AND GEOMORPHOLOGY See also AREAS DESCRmED 

Alluvial deposits, southern Arizona: Lustig, L. K •• 1; Melton, M. A .• 2 
Alluvial fans, Tucson Basin: Pashley. E. F •• 5 
Arroyo cutting: Hastings, J. R. 
Bahadas, southwestern Arizona: Rahn, P. H., 4 
Basin and Range blocks: Lovejoy, E. M. P., 3 
Basin and Range province, trend surface srody: Lustig, L. K .• 2 
Blowholes, Wupatkl area, Coconino Co.: Sartor, J. D. 
Cenozoic drainage patterns, southeastern Arizona: Cooley, M. E., 6 
Colorado River: Breed, C. S., 2: Koons, D., 2 
___ , age: Lovejoy, E. M. P., 2 
___ , evolution: McKee, E. D., 3 
___ , Grand Canyon area: Leopold, L. B., I, 2 

, Yuma area: Leopold, L. B., 1 
Debris covered hillslopes, southern Arizona: Melton, M. A., 3 
Defiance Plateau area, Apache Co.: Laverty, R. A. 
Denuded caldera, Basin and Range of Arizona: Marjaniemi, D. K., 3 
Drainage in southeastern Arizona: Melton, M. A. , 1 
Earth cracks, Coconino Co.: Huntoon, P., 1 
Earth fissures, western Pinal Co.: Schumann, H. H. 
Ephemeral streams, flood cycle: Wertz, J. B., 1 

, Longitudinal profiles: Cherkauer, D. S. 
ErOSIon of Chinle Formation: Colbert, E. H. 
Erosional surfaces, Tucson Basin: Pashley, E. F., 5 
Features classification, Grand Canyon: Chesser, W. L. 
Gemini photograph, southeastern Arizona: Titley, S. R., 4 
General: Hayes, P. T., 9 
Glacial geology. San Francisco Peaks, Coconino Co.: Pewe, T. L., 3 
Glen Canyon, northern Arizona: Porter, E. 
Grand Canyon: Hamblin, W. K., 6: Leydet, F. 
Grand Wash, Grand Canyon area: Lovejoy. E. M. P., 4 
Gullys and earth cracks: Kam, W., 2 
Inselbergs, southwestern Arizona: Rahn, P. H., I, 2 
Karst Springs, Grand Canyon area: Huntoon, P., 2 
Laguna quadrangle, Yuma Co.: Millett, J. A. 
Lakes, White Mtns.: Musgrove, R. R. 
Meteor Crater: Roberts, W. A. 
Mud-rock flows, Santa Catalina Mtns.: Croft, A. R. 
Nickpoints, southwestern Arizona: Rahn, P. H., 2 
Northern Arizona: Crampton, C. G. 
Numerical model, Grand Canyon: Pollack, H. N. 
Pediments: corbel, J.: Rahn. P. H., 3, 4 
Piping erosion, San Pedro Valley: Jones, N. O. 
Playas : Kerr, P. F.; Motts, W. S.: Neal, J. T., I, 3 

, desiccation cracks: Neal. J. T .• 2 
Red rock country: Jett, S. C. 
Relations to basement struchlrc , northern Arizona: Hodgson, R. A •• I, 2 
River terraces, Salt River Valley: Pewe, T. L., 2 
Sheetfloods, southwestern Arizona: Rahn. P . H., 3 
Start of an ephermal stream, Dome Rock Mtns., Yuma Co.: Wertz, J. B., 7 
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PHYSIOGRAPHY AND GEOMORPHOLOGY (Continued) 
Stream floociR, southwestern Arb;ona: Rahn. P. H •• 3 
Snuthcnstcrn Arizonn, Gemini photo~aph: Tilley, S. R., -I 
Subsidence, western Pinal Co. : Schumann, H. H. 
Terraces. Salt River Valley: Kokalis, P. G. 
Trend surface analysis, Basin and Range: Lustig, L. K., 2 
Western Grand Canyon region: Young, R. A., 2 
Yuma area: United States Army Corps of Engineers 

PLEISTOCENE See PALEONTOLOGY; STRATIGRAPHY 
PLIOCENE See PALEONTOLOGY; STRATIGRAPHY 
PRECAMBRIAN See STRATIGRAPHY; PALEONTOLOGY 
PRODUCTION See HISTORY 
QUATERNARY See STRATIGRAPHY 
QUICKSILVER See METALLIFEROUS MINERAL COMMODITIES, Mercury 
ROAD LOGS 

Cameron to Page: Smith, C. T., 2 
Fredonia to Moenkopi to Keams Canyon to Holbrook: Roseman, M. 
Fredonia - Tuba City, Monument Valley: Bowman, F. 0., Jr. 
Grand Canyon area: Mitchell, R. H. 
Holbrook to Tempe: Miller, P. T., 2 
Phoenix-Silver City (N. M.)-Tucson: Damon, P. E., 17 
Pima mining district, Pima Co.: Lynch, D., 3 
Red Mesa - Kayenta - Monument Valley: Breitenstein, R. S. 
San Simon Valley to Blue Mtn.; Sabins, F. F., 1 
Southeastern and east-central Arizona: Hawley, J. W. 
Southern Santa Rita Mtns., Pima and Santa Cntz Cos.: Drewes, H., 2 
Teec Nos Pas to Kayenta to Monument Valley: Loleit, A. J., 2 
Tempe to Grand Canyon: Miller, P. T., 1 
Tucson to Kearny: Moore, R. T., 17 
Tucson to Pima mining district: Moore, R. T., 16 
Tucson Mtn. area: Damon, P. E., 18 
Window Rock to Cameron: Smith, C. T., 1 
Window Rock to Lukachukai: Beaumont, E. C., 2 
Yaki Point (Grand Canyon) to Lee's Ferry: VandersluiS, G. D. 

SEDIMENTATION 
Alluvial terraces, Salt River Valley: Kokalis, P. G. 
Basin-fill, Payson area, Gila Co.: Pedersen, E. P., 1 
Cenozoic, Beardsley area, Salt River Valley: Lowery, C. J. 
Colorado River: Holeman. J. N. 
Cyclic chemical sediments, northern Arizona: McKee, E. D., 2 
General: Cailleux, A. 
Kaibab Formation, northern Arizona: Brown, J. W., 1 
Lake Cochise, Willcox Basin: Robinson. R. C. 
MeSOZOic, Nugget and Navajo Sandstones, northern Arizona: Jordan, W. M. 
Monomixis in saline ponds, Apache Co.: Cole, G. A., 1 
Mud-rock flows, Santa Catalina Mtns.: Croft, A. R. 
Paleocurrents, Tucson Mtns.: Mayo, E. B" 3 
Pennsylvanian, evaporite-carbonate cycles, northeastern Arizona: Peterson, 

J. A., 3 
, Pnrmlox Basin, northeastern Arizona: Wengerd, S. A., 1 

Permian, Fort Apache Member (Supai Formation), Environmental studies: 
Gerrard, T. A., ] 

Playa Basins, general: CabaniSS, G. H. 
Playa clays, Basin and Range playas: Guven, N. 
Pliocene River channel, Coconino Co.: Breed, W. J., 2 
Polncca Wash, Navajo Co.: Hadley, R. F. 
Roosevelt Lake, Gila Co.: Pipkin, B. W., 2 
Safford Basin, Graham Co.: Harbour, J. 
Scour and fiU in stream bed sands, Colorado River: Colby, B. R. 
Tadpole holes in overbank pools: Ford, T. D., 4 
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SEDIMENTATION (Continued) 
Truncated bedding planes. eolian sandstones, Colorado Plateau: Stokes, W. L. t 1 
Tucson Basin, nonmarine clastics, carbonate cementation: Laney, R. L" 2 

SEISMOLOGY See GEOPHYSICS AND GEOPHYSICAL PROSPECTING 
SILVER See METALLIFEROUS MINERAL COMMODITIES, SUver; MINES AND 

MINING DISTRICTS 
SOIL SURVEYS See ENGINEERING GEOLOGY 
STRATIGRAPHY 

Ahrigo Formation, Cochise Co.: Palmer, A. R. 
Apache Co .• central: Akers, J. P .• 1 
Basins, southeastern Arizona: Kottlowski, F. E .• 3 
Basin-fill. Payson area, Gila Co.: Pedersen, E. P .• 1 
Bidahocht Formation, Tonalea area, Coconino Co.: Wright, J. C. 
Bisbee Group, Empire Mtns .• Pima Co.: Finnell, T. L .• 4 
Black Mesa, Mancos Shale: Adams, L. F. 
Black Mesa Basin area, northeastern Arizona: Lessentine, R. H.; Oil and Gas 

Journal, 1 
Black Mesa and San Juan basins, nomenclature: Four Corners Gee!. Soc. -

Nomenclature Commission 
Cambrian, Ahrigo ForJllation and Bolsa Quartzite, southeastern Arizona: 

Krieger, M. H., 17, 18 
___ , facies change in Muav Limestone, Mohave Co.: Wood, W. H. , 2 
___ , Muav Limestone, Yavapai and Coconino Cos. : Wood, W. H., 1 
___ , Paradox BaSin, northeastern Arizona: Loleit, A. J., 1 
__ , Rocky Mtn. region: Locbman-Balk, C. , 1 

, Upper. United States: Lachman-Balk, C., 3 
Cambrian craton, United States: Lachman-Balk, C., 2 
Cenozoic, Chuska Mtns., Apache Co.: Blagbrough, J. W., 2 
___ , Yavapai Co.: Scholtz, J. F., 3 
___ , Late, Clbola area, Yuma Co.: Metzger, D. G., 1 
___ , Redington area, Pima Co . : Smith, W. J. 
__ , Redington-San Manuel area of San Pedro Valley: Agenbroad, L. D. 
___ , San Pedro Valley. Cochise Co.: Gray, R. S. , 1 

, upper Lake Mead: Lucchitta, I. 
Ciiiiife Formation, Colorado Plateau: Stewart, J. H. 

, Navajo and Hopi Indian Reservations: Repenning. C. A. 
---, northern Arizona: O'Sullivan, R. B., 4 
---, Petrified Forest: Bryant, D. L., 1; Roadifer, J. E .• 1,2 
Christmas quadrangle, Gila and Pinal Cos.: Willden, R. 
Coconino Sandstone, origin: Peirce, H. W., 7 
Cretaceous. Black Mesa: Peirce, H. W., 16 

• Dakota Sandstone, Toreva Formation, and Wepo Fonnation, Black Mesa: 
--R-omans, R. C. 

, Mural Limestone: Hayes, P. T., 1 ==. southeastern Arizona: Lootens, D. J., 4; Scbafroth, D. W., 2 
• south of Empire Mtns., Pima and Santa Cruz Cos. : Schafroth, D. W., 1 ==. Upper, Coal Canyon, Coconino Co.: Agasie. J. M., 1 

Cretaceous correlations in northern Arizona: Peterson, F. 
Cretaceous System, Mancos Shale: Adams, L. F. 
Cretaceous and Tertiary sediments, Sierrita Mtns.: Thoms, J. A. 
Dakota Sandstone, Window Rock area, Apache Co.: Marvin, R. G. 
DeChelly Sandstone, northeastern Arizona: Peirce, H. W., 1 

, origin: Peirce, H. W., 7 
Dcvonlnn, central Arizona: Teichert, C .• 1 
___ , Colorado Plateau: Parl,er, J. W., 2 
___ , east-central Arizona: Pine, G. L. 
___ , Martin Formation, Pima and Cochise Cos.: Wright, J. J., 1 
___ , Martin Limestone, Gila Co. : Tahmazian, G. A. 
___ , nomenclature, central Arizona: Teichert. C., 2 
___ " northwestern Arizona: Beus, S. S., 5 
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STRATIGRAPHY (Continued) 
Paradox nasin, northeastern Arizona: Parker, J. W., 1 

---, Pima and Cochise Cos.: Wright, J. J., 2 
--, southwestern United States: Poole, F. G. 
fi'IiiO'Saur Canyon Member, Moenave Formation, northeastern Arizona: Johnson, 

A. H., I, 2 
Earp Formation. Pima and Cochise Cos.: Lodewick, R. E. 
Escabrosa Limestone, southeastern Arizona: Schleh, E. E., 1 
Formation boundries. Grand Canyon: Fisher, W. L., 2 
Fort Apache Member (Supai Formation), east-central Arizona: Gerrard, 

T. A., 2 
Four Corners area, Pre-Pennsylvanian correlation: Clark, W. R. 
Grand Canyon: McKee, E. D., 9 

, Paleozoic: McKee, E. D., 7 
Gypsum beds, Pinal Co.: Hardas, A. V. 
Hermosa Formation, Paradox Basin, northeastern Arizona: Peterson, J. A' I 2 
Hickey Formation, Yavapai Co.: Scholtz, J. F., 3 
JurassiC, San Rafael Group. Lake Powell area: Stokes, W. L .• 2 

, northern Arizona: Johnston, I. M. 
Jurassic correlations in northern Arizona: Peterson, F. 
Kalbab Formation, Grand Canyon area: Schleh, E. E .• 2 

, northern Arizona: Brown, J. W., 1. 2; Fisber, W. L., 3 
Kaibab Limestone: McKee, E. D., 8 
Lake Cochise. Willcox Basin: Robinson. R. C. 
Lake deposits, Chiricahua National Monument. Cochise Co. : Waller, M. R. 
Late Precambrian to Early Paleozoic, western United States: Seeland. D. A .• 1 
Lehner Mammoth site, Cochise Co.: Haynes, C. V., 2 
Lexicon of names, northern Arizona: Molenaar, C. M., 2 
Mancos Shale, Black Mesa: Adams. L. F. 
Martin Formation, northwestern Arizona: Beus, S., 6 
Mesozoic, Baboquivari Mtns., Pima Co.: Heindl, L. A., 3 
___ , Comobabi and Roskruge Mtns.: Heindl, L. A., 2 
___ , east-central and southeast Arizona: Kottlowski, F. E., 2 
___ , Empire and Santa Rita MOls. : Drewes, B., 5 
___ , Mule and Huachuca Mtns., Cochise Co.: Hayes, P. T., 11 
___ , Nugget and Navajo Sandstones, northern Arizona: Jordan, W. M. 
___ • southeastern Arizona: Hayes, P. T., 8 

, Vekol Mms .• Pinal Co.: Heindl, L. A., 5 
Mesozoic volcanics, southeastern Arizona, exotic blocks: Simons, F. S., 2 
Mineta Fonnation. Pima and Cochise Cos.: Clay, D. W. 
Miocene, Colorado River area: Metzger, D. G' I 2 
Mississippian, Colorado Plateau: Parker, J. W., 2 

, Paradise Formation, southeastern Arizona: Packard, F. A. 
---, Paradox Basin. northeastern Arizona: Parker, J. W., 1 
---, western United States: Schleh, E. E., 3 
MOenkopi Formation, Navajo and Hopi Indian Reservations: Repenning, C. A. 
Montezuma Well. Yavapai Co.: Cole, G. A., 2 
Morrison Formation, eastern Apache Co.: Saucier, A. E. 
Naco Group, Chiricahua and Dos Cabeza Mtos. : Sabins, F. F., Jr., 2 
Nomenclature, Santa Rita Mtns.: Drewes, H., 4 
Nomenclature chart, Paradox Basin, northeastern Arizona: See, P. D. 
Paleozoic, Buehman Canyon, Catalina Mtns.: McKenna, J. J. 
___ , east-central and southeast Arizona: Kottlowski, F. E., 2 
___ , Grand Canyon: McKee, E. D., 7 
___ , Mule Mtos . , Cochise Co.: Hayes, P. T., 2 
___ , north-central Canelo liIls, Santa Cruz Co. : Vidal, J. R. 
___ , northeastern Arizona: Peirce, H. W., 15 
__ , Papago Indian Reservation: McClymonds, N. E. 
___ , southeas tern Canelo Hills, Santa Cruz Co.: Denney, P. P. 
___ , southwestern Pinal Co. area: Sell, J. D., 2 
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STRATIGRAPHY (Continued) 
• Upper. Empire Mtns .• Pima Co.: Butler. W. C. 

---, Upper, southern Guadalupe Canyon, Cochise Co.: Dirks, T. N. 
Paleozoic-Cretaceous, southeastern Arizona: Greenwood, E., 2 
Paleozoic Formations, southeastern Arizona: Bryant, D. L .• 2 
Paleozoic limestones, southeastern Arizona: Hoxie, D. 
Paleozoic-Mesozoic, Mohave Co.: Fisher, W. L .• 1 
Paleozoic and Mesozoic correlations, eastern Arizona: Cole. V. B. 
Pantano beds. northern Tucson Basin: Abu Ajamieh. M. M. 
Pantano Formation, Empire Mms., Pima Co.: Finnell, T. L., 5 
Paradox Dasin, northeastern Arizona: FourCornersGeol. Soc., Ii Ohlen, H. R. 

, shelf carbonates: McComas, M. R .• 1 
Paradox Member, Hermosa Formation, northeastern Arb.ona: Picard, M. D. 
Pennsylvanian, Dineh-bi-Keyah field. Apache Co.: McKenny, J. W., 1 
___ , east-central Arizona: Foster, R. W. 
___ , evaporite-carbonate cycles, northeastern Arizona: Peterson, J. A., 3 
___ , Naco Formation, central Arizona: Brew, D. C. 
___ , Naco Formation, Dripping Spring Mtns. : Reid, A. M., 1 
___ , Naco Formation, south-central Arizona: Reid, A. M., 2 
___ , Paradox Basin: Herman, G. 

, Paradox Basin, northeastern Arizona: Peterson, J. A., 1; Wengerd, 
--So A., 1 

, Queen Creek Canyon, Pinal Co.: Mann, C. J. 
---, southeastern Arizona: Kottlowskl, F. E., 1 
Pennsylvanian System nomenclature, Paradox Basin: Baars, D. L., 2 
Pennsylvanian-Permian, northwestern Arizona: Bissell, H. J., 1 
___ , correlation, Mogollon Rim to Defiance Plateau: Peirce. H. W., 6 
__ , DcChelly Sandstone, Defiance Plateau: Peirce, H. W •• 2 
___ , Defiance Plateau, Apache Co.; Peirce, H. W., 4 

, Earp Formation, red chert pebble conglomerate, southeastern Arizona: 
--R-ea, D. K., I, 2 

• Epitaph Dolomite, Tombstone Hills, Cochise Co.: Patch, S. 
--, Fort Apache Member (Supai Formation), Environmental Studies: 
---Gerrard, T. A., 1 
__ , heavy minerals sbJdy, Colorado Plateau: Scott, G. L. 
___ , Holbrook Basin: Peirce, H. W., 3 
___ , Kaibab Formation, Mogollon Rim area: Mather, T. J. 
___ , northeastern Arizona: Read, C. B., 2 
___ , northern Arizona: McKee, E. D., 2 
___ , Paradox Basin, northeastern Arizona: Kirkland, P. L. 

, Toroweap Formation, Coconino Co.: Mullens, R. L.; Pfirman, R. S. 
Permian and Lower Triassic, northwestern Arizona: Bissell, H. J. 
Pleistocene (?) lake bed, Coconino Co.: Batchelder, G. L. 
Pliocene, Bouse Formation, Yuma Co.: Metzger, D. G., 3 
Precambrian, Apache Group and Troy Quartzite, central Arizona: Shride, 

A. F., 1 
___ , Chuar Group, Grand Canyon: Ford, T. D., I, 2 
___ , northeastern Arizona: Fitzsimmons, J. P. 
__ , Papago Indian Reservation: McClymonds, N. E. 
___ , southwestern Pinal Co. area: Sell, J. D., 2 
___ , Troy Quartzite, Roosevelt Dam, Glla Co.: Tahmazian, G. A. 
___ , Troy Quartzite, southeastern Arizona, Krieger, M. H., 17 
___ , Yavapai Series, Yavapai Co.: Blacet, P. M •• 2 
Prc-Pcnnsylvanian, Kaiparowits Basin, north-central Arizona: Munger, R. D. 
Quaternary. northern Arizona: Updike, R. G., 4 

, northern Chuska Mtns., Apache Co.: Blagbrough, J. W., 1 
Quaternary and Tertiary nonmarine clastics, Tucson Basin: Laney, R. L •• 2 
Redwall Limestone, northern Arizona: McKee, E. D., 10; Schieh, E. E., 1 
Ruby Star Ranch, Twin Buttes district, Pima Co.: Weaver, R. R. 
Safford Basin, Graham Co.: Harbour, J. 
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STRATIGRAPHY (Continued) 
SnIt domc (Luke), Maricopa Co.: Eaton, G. P., 5 
Shelf c<lrbonatcs, Paradox Basin: McComas, M. R., 1 
Sherrcr Formation, Cochise Co.: Luepkc, G. 
Supai Formation, east-central Arizona: Passmore, V. L. 
Tapeats Sandstone, northern Arizona: Seeland, D. A., 2 
Tertiary, Beardsley area, Salt River Valley: Lowery. C. J. 

, Chocolate and Laguna Mtns., Yuma Co. : Olmsted, F. H., 2 
--, lake deposits. western United States: Fetb, J. H., 1 
---, southwestern Pinal Co. area: Sell, J. D., 2 
Tertiary conglomerates, Globe to Gila Bend: Sell, J. D •• 1 
Tertiary and Quaternary nonmarine clastics, Tucson Basin: Laney, R. L., 2 
Tertiary and Quaternary rocks. southeastern Arizona: Davidson. E. S •• 1 
Toroweap Formation: McKee, E. D .• 8 

, Grand Canyon area: Schleh, E. E., 2 
Triassic, lower, northwestern Arizona: Bissell. H. J., 2 

, northern Arizona: McKee, E. D., 2; Reeside, J. B., 1 
Triassic correlation, northwestern Arizona: Wilson. R. F., 1 
Troy Quartzite. southeastern Arizona: Krieger, M. H., 17 
Tucson Basin: Pashley, E. F., 1 
Virgin Mtns. (Bunkerville section), Mohave Co. : Seager, W. R., 1 
Volcanic rocks of the Mogollon Plateau: Simpson, J. W. 
Volcanics, Pena Blanca-Walker Canyon area, Santa Cruz Co.: Nelson, F. J. 
Whitmore area, Mohave Co.: Sorauf, J. E. 
Whitmore Point Member, Monenave Formation: Wilson. R. F •• 2 
Wingate Formation, Colorado Plateau: Stewart, J. H. 
Woods Canyon (Beaver Creek), Coconino Co.: Scboltz, J. F., 1 

STRUCTURAL GEOLOGY 
Acoma Sag, northeastern Arizona: Kelley, V. C. 
Basement and sediment contact, northern Arizona: Hodgson, R. A., 1, 2 
Basin and Range normal block-faults: Lovejoy, E. M. P., 3 
Basin and Range orogeny, southwestern United States; Slemmons, D. B. 
Beaverdam Mtns., northwestern Arizona: Moore, R. T., 4 
Bisbee (Warren) district: Nye, T. B. 
Cat Mtn. RbyoUte, northern Tucson Mtns. , Pima Co.: Knight, L. H., Jr., 1 
Cedar Pocket Canyon etc. Fault, . northwestern Arizona: Lovejoy, E. M. P., 1 
Cenozoic tectoniCS, western United States: Hamilton, W. 
Cerro Colorado Mtns., Pima Co. : Smith, R., 2 
Coconino POint, Coconino Co.: Pettengill, J. G. 
Computerized lineament tectonics and porphyry copper, southeastern Arizona: 

Carson, W. P. 
Courtland-Gleeson area, Cochise Co.: McRae, O. M. 
Crazy Jug area, Grand Canyon: Beck, G. L., 1 
Cretaceous, Empire Mtns., Pima and Santa Cruz Cos.: Schafroth, D. W., 1 
Cryptoexplosion structures, meteor crater: Bucher, W. H. 
Defiance Plateau area, Apacbe Co.: Laverty, R. A. 
Defiance uplift, northeastern Arizona: Kelley, V. C. 
Diatreme, Red Mesa area, Apache Co.: Powell, B. N. 
Diatremes, Navajo and Hopi Indian Reservations: Shoemaker, E. M., 1 
Domes and fracture intersections, southern Arizona: Wertz, J. B., 4 
Empire Mtns., Cretaceous, Pima and Santa Cruz Cos.: Schafroth, D. W., 1 
Evolution of southeastern Arizona: Jones, R. W., 3 
Faults, Santa Catalina and Rincon Mtns. frontal: Pashley, E. F., 4 
Folds, gneissic rocks, Tucson area: Mayo, E. B., 1 

, Santa Catalina, Tanque Verde and Rincon Mms., Pima Co.: Pashley, 
---E. F., Jr., 2 
Fracture intersections and domes, southern Arizona: Wertz, J. B., 3 
Fragmantal diapir, Piedmontite Hills, Pima Co.: Mayo, E. B., 6 
Fraquita Peak. area, Santa Cruz Co.: Reed, R. K. 
Gallup Sag, northeastern Arizona: Kelley, V. C. 
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STRUCTURAL GEOLOGY (Continued) 
Gravity slides, Virgin Mms., Mohave Co.: Seager. W. R., 2 
Gravity tectonics, Basin and Range province: Waag, C. J .• 2 
Hackberry Fault, Mohave Co.: Young, R. A., 1 
Hualpai Indian Reservation, eastern part: Koons, D" 1 
Hurricane Fault, Mohave Co.: Young, R. A" 1 

I northwestern Arizona: Lovejoy, E. M. P., 1 
"iii'trUSive breccias, Bisbee: Bryant, D. G .• I, 3 
Johnny Lyon Hills, Cochise Co: Sllver, L. T .• 1 
Landslides, Carbon Butte, Grand Canyon: Ford, T. D •• 3 
Laramide monoclines, Grand Canyon: Huntoon, P., 4 

I orogeny, southeastern Arizona: Drewes, H., 6 
--, stocks, regiona11inear trends: Rehrig, W. A. 
--, tectonics, Empire and Santa Rita Mtne.: Drewes, H. I 5 
r:ara-mide and Tertiary plutons and extrusions: DamoD. P. E., 11 
Linear features, Tucson south quadrangle, Pima Co,: Sherman. J. E. 
Linear study, Grand Canyon: Jefferis, L. H. 
Lineations, earth satellite photo: Lintz, J., Jr. 
McCarty syncline. northeastern Arizona: Kelley, V. C. 
Mule Mtns., Cochise Co.: Jones, R. W., 1 
Museum embayment, Tucson Mtns.: Mayo, E. B. , 2 
Normal faults, Mohave Co.: Hamblin, W. K., 3 
North America tectonic map explanation: King, P. B., 2 
Ore controls, western United States: Jerome, S. E., 2 
Oro Blanco district, Santa Cruz Co. : Knight, L. H., Jr., 2 
Overthrusting vs vertical tectonics, Chiricahua Mtns .• Cochise Co.: Jones, 

R. W., 4 
Paleotectonic maps, United States: McKee, E. D., I. 4 
Paleotectonics (Pre-Pennsylvanian), Paradox Basin: Baars, D. L. , 1 
Pena Blanca-Walker Canyon area, Santa Cruz Co.: Nelson, F. J . 
Photo-linears, Bisbee quadrangle, Cochise Co.: Keirn, J . W. 
Piety fUll area, Pima Co.: Broderick, J. P. 
Pima mining district, Pima Co. : Lynch, D., 3 
Plate tectonics and porphyry copper deposits: Guilbert, J. M., 2 
Precambrian Wrench Fault, central Arizona: Anderson, C. A .• 3 
Plomosa Mtns. (southern hal!), Yuma Co.: Miller, F. K., 1 
Ray-Superior area. Pinal Co.: PorbJgal, J. A. 
Regional fracb.tre systems, Bas in and Range Province: Heidrick, T. L. 
Rift system, Basin and Range Province: Cook. K. L., 2 
Ruby Star Ranch, Twin Buttes district, Pima Co. : Weaver, R. R. 
San Simon Valley. elevation changes: Eaton, G. P., 3 
Santa Catalina Mtns . , Pima Co.: Waag. C. J .• 1 

, (east end): Peterson, R. C. 
--, (southern half). Pima Co.: Pilkington, H. D. 
Sierrita Mtns., Pima Co.: Lootens, D. J., 2, 3 

, eastern part: Lootens, D. J .• 1 
Sflverbell Mtns., Pima Co. : Watson, B. N., 1 
Soil piping, southeastern Arizona: Carroll, P. H. 
Stoneman Lake Basin. Coconino Co.: Scholtz, J. F., 5 
Structural processes related to mining districts: Wertz, J. B .• 2 
Tanque Verde Ridge, Pima Co.: Leger, A. R. 
Tectonic activity in North America: Woollard, G. P .• 2 
Tectonic environment of porphyry copper deposits: Titley. S. R., 6 
Tec tonic framework, so'!Pl:'!Yestern United States: Hunt, C. B., 1 
Tectonic map, northwestern Arizona: Molenaar, C. M., 1 
Tectonics, Hurricane fault zone, Mohave Co.: Hamblin, W. K., 1 

, Mogollon Rim area, eastern Arizona: Rhodes, R. C. ==. Pennsylvanian. Paradox Basin: Szabo, E. 
__ , Permian. Arizona: McKee, E. D., 5 
__ , Paradox Basin, northeastern Arizona: Ohlen. H. R. 
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STRUCTURAL GEOLOGY (Continued) 
, Texas lineAment: Van Bemmelen, H. W. 

Tectonism in the western United States: Gilluly, J. 
Texas lineament: Wertz, J. B., 5, 6 
Tertiary and Quaternary rocks, southeastern Arizona: Davidson, E. S •• 1 
Toadlena anticline, Dineh-bi-Keyah field, Apache Co.: McKenny, J. W., I, 2 
Tombstone Hills, Cochise Co.: Jones, It. w., 1 
Tucson Basin: Pashley, E. F., 1 
__ , northern: Abu Ajamieh, M. M. 
Tucson Mtns.: Mayo, E. B., 5 
Tucson Mtn. Chaos origin, Tucson Mtns.: Mayo, E. B," 4 
Turquoise district (CourUand-Gleeson), Cochise Co.: Jones, R. W., 2 
Upper mantle. northern Arizona: Reitzel, J. S. 
Upper mantle in Basin and Range: Kovach, R. L. 
Upper mantle structure, western United States: Niazi, M. 
Virgin Mtns., northwestern Arizona: Moore, R. T., 4 

, (Bunkerville section): Seager, W. R., 1 
Western Granite Wash Mtns., Yuma Co.: Ciancanelli, E. V. 
West Kaibab Fault, northern Arizona: Huntoon, P., 3 
Whitmore area, Mohave Co.: Sorauf, J. E. 
Woods Canyon, Coconino Co.: Scholtz, J. F., 2 
Woods Canyon (Beaver Creek), Coconino Co.: Scholtz, J. F., 1 

TERTIARY See STRATIGRAPHY; STRUCTURAL GEOLOGY 
THORIDM See METALLIFEROUS MINERAL COMMODITIES, Thorium 
TRIASSIC See PALEONTOLOGY; STRATIGRAPHY 
TUNGSTEN See METALLIFEROUS MINERAL COMMODITIES, Tungsten 
URANIDM See METALLIFEROUS MINERAL COMMODITIES, Uranium 
VALLEYS See AREAS DESCRffiED; PHYSIOGRAPHY AND GEOMORPHOLOGY 
VANADruM See METALLIFEROUS MINERAL COMMODITIES, Vanadium 
VOLCANISM AND VOLCANIC ROCKS See also IGNEOUS ROCKS 

Apache Trail, Maricopa Co.: Sheridan, M. F., 1 
Ash flow, Superior area, Pinal Co. : Peterson, D. W .• 2 
Ash flows and related rocks, Chiricahua Mtns.: Marjaniemi, D., 1 
Ash-Flow sequence, southeastern Arizona: Marjaniemi, D. K., 4 
Ash flow tuffs, Ga11uro Mtns., Pinal Co.: Krieger, M. H., 19 
Ash flow tuffs and lavas, Goldfield Mtns., Maricopa Co.: Sheridan, M. F., 3 
Basaltic andesite origin, Tueson-Roskruge Mtns.: Eastwood, R. L., 2 
Basalts, northwestern Arizona: Brimhall, W. H. 
Basanite lava, Black Mesa Caldron, Superstition Mtns.: Sheridan, M. F., 4 
BeaverCreekvolcanics, Cenozoic, Cocon!noand YavapaiCos. : Scholtz, J. F., 4 
Black Mesa Caldera, Superstition Mtns. : Sheridan, M. F., 5; Stuckless. J. S. 
Blowholes, Wupatkl-Flagstaff area, Coconino Co.: Lamar, D. L .• 1 
Caldera, Basin and Range of Arizona: Marjaniemi, D. K., 3 
Calderas, Superstition and Goldfield Mtns.: Sheridan, M. F., 2 
Cat Mtn. rhyolite, Tucson Mtns.: Bikerman, M., 1 
Cenozoic, basalts, Mohave Co.: Best, M. G., 2 

, Beaver Creek, Coconino and Yavapai Cos.: Scholtz. J. F., 4 
--, dike swarms, Basin and RBJlgc: Taubeneck, W. H. 
--, flows, Grand \;:1nyon: Hamblin, W. K., 7 
--, Grant! Canyon: !'ambltn, W. K., 2 
--. wcstern Grand Canyon area: Best, !'.1. G., 
Cinder cones and lava flows, San Franciscan Volcanic Field: Colton, H. S., 2 
Cinder Lake field (Flagstaff area): Bailey, N. G., 1 
Cn·tu('COUS nnd Tertiary Volcanics, Sierrita Mtns.: Thoms, J. A. 
Del Bac lIills, San Xavier area, Pima Co.: Percious, J. K., 2 
Eruption effects, Sunset Crater: Breternitz, D. A. 
Faraway Ranch Formation, Chlrkahua Mtns., Cochise Co.: Fel'n:::tndcz, 

L. A., Jr. 
Gas vents, Hopi Buttes volcanics, Navajo Co. : Laidley, R. A., 1 
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VOLCANISM AND VOLCANIC ROCKS (Continued) 
Geochemistry and Petrology, Tertiary, Pima and Pinal Cos.: Eastwood, R. L., 1 
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