DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

DISCUSSION

This map is the first of a series of maps showing the distribution, composition, and age
of upper Cenozoic volcanoes and volcanic rocks of the United States. Designed
primarily as a guide for exploration and evaluation of igneous-related geothermal
resources, this map series also should be useful as a base for evaluation of volcanic
hazards, for studies of volcanology and volcanotectonics, and for studies of the general
geology of volcanic rocks. Because little or no reliable data are available for many areas,
these maps are, to a considerable degree, our interpretation of the general age and
composition of the volcanic rocks. Thus, current gaps in the data may be located by the
combined use of the reliability and data source diagrams. (figs 1 and 2).

For the purposes of this map the late Cenozoic extends from 16=1 million years
(m.y.) ago to the present. This cutoff was chosen because it has meaning in a
volcanological and tectonic sense; there was a widespread change in the style of
volcanism at about this time over much of western United States (Christiansen and
Lipman, 1972; McKee, Noble, and Silberman, 1970, Stewart, Moore, and Zietz, 1977).
This change coincides, in a general way, with the onset of the tectonic extension and
breakup that characterizes the Basin and Range Province but that is also reflected in
bordering areas. This change may have occurred earlier or later than 16+1 m.y. ago in
some areas, but this time seems an acceptable compromise for the general purposes of
the maps.

The significance of this time cutoff for geothermal purposes is problematical.
High-grade geothermal resources of the world are located in regions of late Cenozoic
volcanic activity. The high-grade geothermal potential of an area declines rapidly with
increasing age of volcanism,; all high-grade geothermal resources from which energy has
been extracted for power are associated with igneous systems active within the last 1
m.y. Lower grade (that is, lower temperature) geothermal resources may be related to
the declining thermal stages of igneous systems or to other sources of thermal energy.
However, the low-grade geothermal resource is not well defined, and at this time it is a
largely unknown quantity. Hot or warm springs are known to be associated with
volcanic areas older than 16+1 m.y. It is doubtful that these areas have significant
geothermal resources although the utility of low-grade geothermal is currently
uncertain. In any case, we suspect that the major thermal source for low-grade resources
is very deep in the crust and that the hot-spring activity is related to very deep circulation
of ground water. This same statement may apply to most large igneous systems older
than a few m.y. and to many small systems older than a few tens of thousands of years.

Within this late Cenozoic time frame, the ages of the volcanic rocks are arbitrarily
divided into three categories: present-5m.y., 5-10 m.y., and 10-16*1 m.y. The time
increment from the present to 1 m.y. is further subdivided by use of colored vent
symbols; all vents older than 1 m.y. are shown in black.

The volcanic rocks, including some hypabyssal rocks, have been classified into five
major types based primarily upon their known or assumed silica content:

1. Feldspathoidal basalts including Less than 46 percent SiO,

basanite, limburgite, tephrite,
and other rare alkalic rocks

2. Basalt including trachybasalt,

hawaiite, etc.

3. Andesite including trachyandesite,

etc.

4. Dacite including rhyodacite,

quartz latite, trachyte, etc.

5. Rhyolite including pantellerite,

etc.

46 - 54 percent SiO,
54 — 62 percent SiO,
62 — 70 percent SiO,

Greater than 70 percent SiO,

This rock classification is a compromise between the simple silicic-basic distinction that is
considered to be significant for geothermal purposes (Smith and Shaw, 1975), and a
more detailed classification that would be desirable for purely volcanological
purposes. In most areas the existing published data are inadequate for a systematic
application of a more detailed classification. This classification also emphasizes
dominant rock types. Unique and otherwise rare alkalic rocks are lumped together with
the infrequently occurring feldspathoidal basalts unless, like trachyte, they represent the
salic end of a rock series and may be interpreted, like dacite and rhyolite, as suggesting a
high-level thermal source.

Considerable effort was made to accurately locate and represent the volcanic vents.
The distribution, age, and morphology of vents must be known to interpret structure,
type and geothermal significance of volcanological systems. The type of vent is also a
general indicator of rock chemistry and thus allows an interpretation of composition in
the absence of other data.

Volcanic eruptions have occurred within the last 1 m.y. in approximately 15 different
volcanic loci in Arizona and New Mexico. At least one eruption has occurred less than
250,000 years ago in 14 loci and less than 30,000 years ago in eight loci. The most
recent eruption was that at Sunset Crater, Arizona, about 900 years ago (1064-1066
AD.).

Seven of these 15 loci have had a history of recurrent eruptions for 3 m.y. or more.
There seems little doubt that all 15 loci reflect viable thermal anomalies at mantle depth
today and have potential for future volcanic eruptions and perhaps potential for heat
storage at high crustal level. However, only two of these loci, the Jemez and San
Francisco Mountains fields, show surface evidence, in the form of very young silicic
rocks, of high-level heat storage with potential geothermal significance.

Twelve of the 15 loci are located on three major volcano-tectonic lineaments: 1)
Jemez volcanic lineament from the Raton area in northeastern New Mexico through the
Jemez Mountains into Arizona, and possibly extending to include the Pinacate field in
southwestern Arizona and northern Mexico; 2) Mogollon volcanic lineament
(southwestern border of the Colorado Plateau in Arizona) from the White Mountains
through the San Francisco Mountains to the Unikaret field in northwestern Arizona; and
3) Rio Grande Rift.

More than 25 volcanic loci have been active within the last 5 m.y., and all but three or
four of these are located on the three above-mentioned lineaments. In addition to the 15
loci referred to earlier, several of these additional 10 loci may be potentially viable
volcanic fields in the future.

Of particular interest is the general north and northeasterly migration of volcanic
activity along the southwest border of the Colorado Plateau during the last 10 m.y. or
more. Much of southwestern Arizona represents a data gap which must be filled before
this general drift in volcanic activity can be fully interpreted.

REFERENCES CITED

Christiansen, R. L., and Lipman, P. W., 1972, Cenozoic volcanism and plate-tectonic
evolution of the western United States; II, Late Cenozoic: Royal Soc. [London]
Philos. Trans., ser. A, v. 271, no. 1213, p. 249-284.

McKee, E. H., Noble, D. C., and Silberman, M. L., 1970, Middle Miocene hiatus in
volcanic activity in the Great Basin area of the western United States: Earth and
Planetary Sci. Letters, v. 8, no. 2, p. 93-96.

Smith, R. L., and Shaw, H. R., 1975, Igneous-related geothermal systems, in White, D.
E., and Williams, D. L., eds., Assessment of geothermal resources of the United
States—1975: U.S. Geol. Survey Circ. 726, p. 58-83.

Stewart, J. H., Moore, W. J., and Zietz, Isidore, 1977, East-west belts of Cenozoic
igneous rocks, aeromagnetic anomalies, and mineral deposits, Nevada and
Utah: Geol. Soc. America Bull., v. 88, no. 1, p. 67-77.

SOURCE REFERENCES
[Keyed to fig. 2]

1. Akers, J. P., 1964, Geology and ground water in the central part of Apache
County, Arizona: U.S. Geol. Survey Water-Supply Paper 1771, 107 p.

2. Akers, J. P., Shorty, J. C., and Stevens, P. R., 1971, Hydrogeology of the
Cenozoic igneous rocks, Navajo and Hopi Indian Reservations, Arizona, New
Mexico, and Utah: U.S. Geol. Prof. Paper 521-D, 18 p.

3. Akers, J. P, Irwin, J. H., Stevens, P. R., McClymonds, N. E., and Chenoweth,
W. L., 1962, Geology of the Cameron quadrangle, Arizona: U.S. Geol.
Survey Geol. Quad. Map GQ-162.

*%4  Allen, J. E., 1951, The Carrizozo malpais, in Roswell Geol. Soc. Guidebook,
5th Field Conf., Carrizozo-Capitan-Chupadera Mesa region, Lincoln and
Socorro Counties, New Mexico: p. 9-11 [geologic estimate].

5. Anderson, C. A., Scholz, E. A, and Strobell, J. D., Jr., 1955, Geology and ore
deposits of the Bagdad area, Yavapai County, Arizona: U.S. Geol. Survey
Prof. Paper 278, 103 p.

**6 Anderson, R. E., Longwell, C. R., Armstrong, R. L., and Marvin, R. F., 1972,
Significance of K-Ar ages of Tertiary rocks from the Lake Mead region,
Nevada-Arizona: Geol. Soc. America Bull,, v. 83, no. 2, p. 273-287.

7. Aoki, Ken-Ichiro, 1967, Alkaline and calc-alkaline basalts from Capulin
Mountain, northeastern New Mexico, U.S. A: Japanese Assoc.
Mineralogists, Petrologists, and Econ. Geologists Jour., v. 58, no. 4, p.
143-151.

8. _____ 1967, Petrography and petrochemistry of latest Pliocene olivine-
tholeiites of Taos area, northern New Mexico, U. S. A.: Contr. Mineralogy
and Petrology, v. 14, no. 3, p. 191-203.

9. Aoki, Ken-Ichiro, and Kudo, A. M., 1976, Major-element variations of Late
Cenozoic basalts of New Mexico, in Elston, W. E., and Northrop, S. A., eds.,
Cenozoic volcanism in southwestern New Mexico: New Mexico Geol. Soc.
Spec. Pub. no. 5, p. 82-88.

*¥10. Armstrong, R. L., 1970, Geochronology of Tertiary igneous rocks, eastern
Basin and Range Province, western Utah, eastern Nevada, and vicinity,
U. S. A:: Geochim. et Cosmochim. Acta, v. 34, no. 2, p. 203-232.

*#11. Armstrong, R. L., Speed, R. C., Graustein, W. C., and Young, R. L., 1976,
K-Ar dates from Arizona, Montana, Nevada, Utah, and Wyoming:
Isochron/West, no. 16, p. 1-6.

12. Babenroth, D. L., and Strahler, A. N., 1945, Geomorphology and structure of
the East Kaibab monocline, Arizona and Utah: Geol. Soc. America Bull., v.
56, no. 2, p. 107-150.

13. Bachman, G. O., 1953, Geology of a part of northwestern Mora County, New
Mexico: U.S. Geol. Survey Oil and Gas Inv. Map OM-137.

**14. Bachman, G. O., Marvin, R. F., Mehnert, H. H., and Merritt, Violet, 1975, K-Ar
ages of the basalt flows at Los Lunas and Albuquerque, central New
Mexico: Isechron/West, no. 13, p. 3-4.

15. Baker, L., and Ridley, W. 1, 1970, Field evidence and K, Rb, Sr data bearing on
the origin of the Mt. Taylor volcanic field, New Mexico, U. S. A.: Earth and
Planetary Sci. Letters, v. 10, no. 1, p. 106-114.

*#16. Balderman, M. A., Strand, R. L., and Kula, G. J., 1975, Magneto-stratigraphy
of the basin fill sediments at Palo Verde Hills, Maricopa County, Arizona
[Abs.]: Geol. Soc. America Abs. with Programs, v. 7,0. 3, p. 294.

17. Baldwin, Brewster, and Muehlberger, W. R., 1959, Geologic studies of Union
County, New Mexico: New Mexico Bur. Mines and Mineral Resources Bull.
63, 171 p.

18. Balk, Robert, 1962, Geologic map and sections of Tres Hermanas
Mountains: New Mexico Bur. Mines and Mineral Resources Geol. Map 16.

19. Ballmann, D. L., 1960, Geology of the Knight Peak area, Grant County, New
Mexico: New Mexico Bur. Mines and Mineral Resources Bull. 70, 39 p.

20. Barker, Fred, 1958, Precambrian and Tertiary geology of Las Tablas
quadrangle, New Mexico: New Mexico Bur. Mines and Mineral Resources
Bull. 45, 104 p.

**%21. Bassett, W. A., Kerr, P. F., Schaeffer, O. A., and Stoenner, R. W., 1963,
Potassium-argon ages of volcanic rocks near Grants, New Mexico: Geol.
Soc. America Bull., v. 74, no. 2, p. 221-225.

22. Best, M. G., 1970, Kaersutite-peridotite inclusions and kindred megacrysts in
basanitic lavas, Grand Canyon, Arizona: Contr. Mineralogy and Petrology,
v. 27, no. 1, p. 25-44.

23. Best, M. G., and Brimhall, W. H., 1974, Late Cenozoic alkalic basaltic magmas
in the western Colorado Plateau and the Basin and Range transition zone,
U. S. A, and their bearing on mantle dynamics: Geol. Soc. America Bull,, v.
85, no. 11, p. 1677-1690.

24. Best, M. G., Hamblin, W. K., and Brimhall, W. H., 1966, Preliminary petrology
and chemistry of Late Cenozoic basalts in the western Grand Canyon
region: Brigham Young Univ. Geology Studies, v. 13, p. 109-123.

*25. Bikerman, Michael, 1967, Isotopic studies in the Roskruge Mountains, Pima

County, Arizona: Geol. Soc. America Bull. v. 78, no. 8, p. 1029-1036.
1972, New K-Ar ages on volcanic rocks from Catron and Grant

Counties, N. M.: Isochron/West, no. 3, p. 9-12.

27. Bingler, E. C., 1968, Geology and mineral resources of Rio Arriba County,
New Mexico: New Mexico Bur. Mines and Mineral Resources Bull. 91,
158 p.

*#28. Bradbury, J. P., 1966, Pleistocene-Recent geologic history of Zuni Salt Lake,
New Mexico, in New Mexico Geol. Soc. Guidebook, 17th Field Conf.,
Taos-Raton-Spanish Peaks country, New Mexico and Colorado [Abs.]: p.
119 [carbon-14 date].

**29. Breternitz, D. A., 1967, The eruption(s) of Sunset Crater-dating and
effects: Plateau, v. 40, no. 2, p. 72-76 [tree-ring date].

30. Brock, M. R., 1976, Written commun.

31. Bromfield, C. S., and Shride, A. F., 1956, Mineral resources of the San Carlos
Indian Reservation, Arizona: U.S. Geol. Survey Bull. 1027-N, p. 613-691.

32. Bromfield, C. S., and Wrucke, C. T., 1961, Reconnaissance geologic map of
the Cedar Mountains, Grant and Luna Counties, New Mexico: U.S. Geol.
Survey Min. Inv. Field Studies Map MF-159.

**33. Burke, W. H., Kenny, G. S., Otto, J. B., and Walker, R. D., 1963,
Potassium-argon dates, Socorro and Sierra Counties, New Mexico, in New
Mexico Geol. Soc. Guidebook, 14th Field Conf., Socorro region, New
Mexico: p. 224.

34. Butler, A. P, Jr., 1971, Tertiary volcanic stratigraphy of the eastern Tusas
Mountains southwest of the San Luis Valley, Colorado-New Mexico, in New
Mexico Geol. Soc. Guidebook, 22d Field Conf., San Luis Basin,
Colorado: p. 289-300.

35. Campbell, lan, and Schenk, E. T., 1950, Camptonite dikes near Boulder
Dam, Arizona: Am. Mineralogist, v. 35, nos. 9-10, p. 671-692.

36. Canney, F. C., Lehmbeck, W. L., and Williams, F. E., 1967, Mineral resources
of the Pine Mountain primitive area, Arizona: U.S. Geol. Survey Bull.
1230-J, 45 p.

37. Carden, J. R, and Laughlin, A. W., 1974, Petrochemical variations within the
McCartys basalt flow, Valencia County, New Mexico: Geol. Soc. America
Bull, v. 85, no. 9, p. 1479-1484.

38. Colton, H. S., 1967, The basaltic cinder cones and lava flows of the San
Francisco Mountain volcanic field: Mus. Northern Arizona Bull. 10, 58 p.
[revised edition].

39. Condit, C. D., 1974, Geology of Shadow Mountain, Arizona, in Geol. Soc.
America Guidebook 27, Rocky Mountain Sec. Mtg., Flagstaff, Ariz., 1974,
Geology of northern Arizona with notes on archaeology and paleoclimate.
Part I, Area studies and field guides: [Flagstaff, Ariz., Northern Arizona
Univ.], p. 454-463.

40. Cooley, M. E., 1962, Geomorphology and the age of volcanic rocks in
northeastern Arizona, in Cenozoic geology of Arizona-a symposium: Arizona
Geol. Soc. Digest, v. 5, p. 8, 97-115.

41. Cooper,d. B., and John, E. C., 1968, Geology and ground-water occurrence in
southeastern McKinley County, New Mexico: New Mexico State Engineer
Tech. Rept. 35, 108 p.

42. Cooper, J. R., 1959, Reconnaissance geologic map of southeastern Cochise
County, Arizona: U.S. Geol. Survey Min. Inv. Field Studies Map MF-213.

43. ____ 1960, Reconnaissance map of the Willcox, Fisher Hills, Cochise, and
Dos Cabezas quadrangles, Cochise and Graham Counties, Arizona: U.S.
Geol. Survey Min. Inv. Field Studies Map MF-231.

44. Creasey, S. C., Jackson, E. D., and Gulbrandsen, R. A., 1961, Reconnaissance
geologic map of parts of the San Pedro and Aravaipa Valleys, south-central
Arizona: U.S. Geol. Survey Min. Inv. Field Studies Map MF-238.

45. Cummings, David, 1968, Geologic map of the Zuni Salt Lake volcanic crater,
Catron County, New Mexico: U.S. Geol. Survey Misc. Geol. Inv. Map [-544.

**46. Dalrymple, G. B., Cox, Allan, Doell, R. R., and Grommé, C. S., 1967, Pliocene
geomagnetic polarity epochs: Earth and Planetary Sci. Letters, v. 2, no. 3, p.
163-173.

**47. Damon, P. E., 1964, Correlation and chronology of ore deposits and volcanic
rocks: U.S. Atomic Energy Comm. Ann. Prog. Rept. C00-689-42, 28 p.

**26.

**48 1965, Correlation and chronology of ore deposits and volcanic
rocks: U.S. Atomic Energy Comm. Ann. Prog. Rept. C00-689-50, 60 p.
49, 1966, Correlation and chronology of ore deposits and volcanic
rocks: U.S. Atomic Energy Comm. Ann. Prog. Rept. C00-689-60, 46 p.
**50. 1968, Correlation and chronology of ore deposits and volcanic
rocks: U.S. Atomic Energy Comm. Ann. Prog. Rept. C00-689-100, 75 p.
¥*51. 1969, Correlation and chronology of ore deposits and volcanic
rocks: U.S. Atomic Energy Comm. Ann. Prog. Rept. C00-689-120, 90 p.
*252. 1970, Correlation and chronology of ore deposits and volcanic

rocks: U.S. Atomic Energy Comm. Ann. Prog. Rept. C00-689-130, 77 p.

**53. Damon, P. E., Laughlin, A. W., and Percious, J. K., 1967, The problem of
excess argon—40 in volcanic rocks, in Damon, P. E., compiler, Correlation
and chronology of ore deposits and volcanic rocks: U.S. Atomic Energy
Comm. Ann. Prog. Rept. C00-689-76, 22 p.

Damon, P. E., Shafiqullah, Muhammad, and Leventhal, J. S., 1974, K-Ar
chronology for the San Francisco volcanic field and rate of erosion of the Little
Colorado River, in Geol. Soc. America, Rocky Mountain Sec. Mtg., Flagstaff,
Ariz., 1974, Geology of northern Arizona with notes on archaeology and
paleoclimate. Part I, Regional studies: [Flagstaff, Ariz., Northern Arizona
Univ.], p. 221-235.

55. Dane, C. H., and Bachman, G. O., 1965, Geologic map of New Mexico: U.S.
Geol. Survey.

56. Darton, N. H., 1916, Geology and underground water of Luna County, New
Mexico: U.S. Geol. Survey Bull. 618, 188 p.

57. Davidson, E. S., 1973, Water resources of the Big Sandy area, Mohave
County, Arizona: Arizona Water Comm. Bull. 6, 40 p.

58. DeHon, R. A., 1965, Maare of La Mesa, in New Mexico Geol. Soc. Guidebook,
16th Field Conf., southwestern New Mexico II: p. 204-209.

59. Denny, C. S., 1940, Tertiary geology of the San Acacia area, New
Mexico: Jour. Geology, v. 48, no. 1, p. 73-106.

**60. Doell, R. R., Dalrymple, G. B., Smith, R. L., and Bailey, R. A., 1968,
Paleomagnetism, potassium-argon ages and geology of rhyolites and
associated rocks of the Valles Caldera, New Mexico, in Coats, R. R., Hay, R.
L., and Anderson, C. A, eds., Studies in volcanology - A memoir in honor of
Howel Williams: Geol. Soc. America Mem. 116, p. 211-248.

61. Doney, H. H., 1968, Geology of the Cebolla quadrangle, Rio Arriba County,
New Mexico: New Mexico Bur. Mines and Mineral Resources Bull. 92,
114 p.

62. Donnelly, M. F., 1974, Geology of the Sierra del Pinacate volcanic field,
northern Sonora, Mexico, and southern Arizona, U. S. A.: Stanford, Calif.,
Stanford Univ., unpub. Ph. D. thesis, 722 p.

63. Eastwood, R. L., and Murray, K. S., 1972, Volcanic stratigraphy and structure
of the Woody Mountain-Oak Creek Canyon region, Coconino County,
Arizona [Abs.]: Geol. Soc. America Abs. with Programs, v. 4, no. 6, p.
374-375.

64. Elston, D. P., 1976, Written commun.

65. 1976, Geological evaluation of north-central Arizona, in Williams, R.
S., Jr., and Carter, W. D., eds., ERTS-1, A new window on our planet: U.S.
Geol. Survey Prof. Paper 929, p. 59-66.

*66. Elston, D. P., McKee, E. H., Scott, G. R., and Gray, G. D., 1974, Miocene-
Pliocene volcanism in the Hackberry Mountain area and evolution of the
Verde Valley, north-central Arizona, in Geol. Soc. America Guidebook 27,
Rocky Mountain Sec. Mtg., Flagstaff, Ariz., 1974, Geology of northern
Arizona with notes on archaeology and paleoclimate. Part I, Area studies and
field guides: [Flagstaff, Ariz., Northern Arizona Univ.], p. 602-610.

#x67. Elston, W. E., Bikerman, Michael, and Damon, P. E., 1968, Significance of new
K-Ar dates from southwestern New Mexico, in Damon, P. E., compiler,
Correlation and chronology of ore deposits and volcanic rocks: U.S. Atomic
Energy Comm. Ann. Prog. Rept. C00-689-100, 20 p.

#*68. Evernden, J. F., Savage, D. E., Curtis, G. H., and James, G. T., 1964,
Potassium-argon dates and the Cenozoic mammalian chronology of North
America: Am. Jour. Sci., v. 262, no. 2, p. 145-198.

69. Feth, J. H., 1950, Structural reconnaissance of the Red Rock quadrangle,
Arizona: U.S. Geol. Survey open-file rept., 32 p.

70. Finnell, T. L., 1966, Geologic map of the Chediski Peak quadrangle, Navajo
County, Arizona: U.S. Geol. Survey Geol. Quad. Map GQ-544.

71. ____ 1966, Geologic map of the Cibecue quadrangle, Navajo County,
Arizona: U.S. Geol. Survey Geol. Quad. Map GQ-545.
72. _____ 1976, Geologic map of the Reading Mountain quadrangle, Grant

County, New Mexico: U.S. Geol. Survey Misc. Field Studies Map MF-800.

73. Forrester, J. D., 1962, Map of outcrops of Tertiary and Quaternary igneous
rocks in Arizona: Arizona Bur. Mines.

74. Gillespie, J. B., and Bentley, C. B., 1971, Geohydrology of Hualapai and
Sacramento Valleys, Mohave County, Arizona: U.S. Geol. Survey
Water-Supply Paper 1899-H, 37 p.

75. Gilluly, James, 1946, The Ajo mining district, Arizona: U.S. Geol. Survey Prof.
Paper 209, 112 p. )

76. Goddard, E. N., 1966, Geologic map and sections of the Zuni Mountains
fluorspar district, Valencia County, New Mexico: U.S. Geol. Survey Misc.
Geol. Inv. Map 1-454.

77. Griggs, R. L., 1948, Geology and ground-water resources of the eastern part of
Colfax County, New Mexico: New Mexico Bur. Mines and Mineral
Resources Ground-Water Rept. 1, 180 p.

78. Hack, J. T., 1942, Sedimentation and volcanism in the Hopi Buttes,
Arizona: Geol. Soc. America Bull., v. 53, no. 2, p. 335-372.

79. Hackman, R. J., and Olson, A. B., 1977, Geology, structure, and uranium
deposits of the Gallup 1° X 2° quadrangle, New Mexico and Arizona: U.S.
Geol. Survey Misc. Inv. Series Map [-981.

##8(). Hager, M. W., 1976, Late Pliocene and Pleistocene history of the Donnelly
Ranch vertebrate site, southeastern Colorado: Univ. Wyoming Contr.
Geology, Spec. Paper no. 2, 62 p.

81. Hatheway, A. W., and Herring, A. K., 1970, Bandera lava tubes of New
Mexico, and lunar implications: Univ. Arizona, Communications of the
Lunar and Planetary Lab., v. 8, pt. 4, no. 152, p. 299-327.

#x82  Hawley, J. W., 1967, K-Ar ages of Late Cenozoic basalts in Dona Ana County,
New Mexico [Abs. ], in New Mexico Geol. Soc. Guidebook, 18th Field Contf.,
Defiance-Zuni-Mt. Taylor region, Arizona and New Mexico: p. 226.

#%83, Hawley, J. W., and Kottlowski, F. E., 1969, Quaternary geology of the
south-central New Mexico border region, in Kottlowski, F. E., and LeMone,
D. V., eds, Border stratigraphy symposium: New Mexico Bur. Mines and
Mineral Resources Circ. 104, p. 89-115.

*84.

*85.

86.

. Huff, L. C., Santos, Elmer, and Raabe, R. G., 1966, Mineral resources of the

**80.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

**112.

113,

114.

115.

116.

**117.
*118.

119.

**120.

121.

**122.

123.

**124.

125.

126.

**127.

128.

*¥1.29,

130.

**131.

132.

133.

**134.

**135.

**136.

137.

138.

*#139.

**140.

**141.

**142.

143.

144.

*145.

146.

Hoffer, J. M., 1971, Mineralogy and petrology of the Santo Tomas-Black
Mountain basalt field, Potrillo volcanics, south-central New Mexico: Geol.
Soc. America Bull, v. 82, no. 3, p. 603-611.

1976, The Potrillo basalt field, south-central New Mexico, in Elston,
W. E., and Northrop, S. A., eds., Cenozoic volcanism in southwestern New
Mexico: New Mexico Geol. Soc. Spec. Pub. no. 5, p. 89-92.
Holm, R. F., 1976, Written commun.

Sycamore Canyon primitive area, Arizona: U.S. Geol. Survey Bull. 1230-F,
19 p.

. Hunt, C. B., 1938, Igneous geology and structure of the Mount Taylor volcanic

field, New Mexico: U.S. Geol. Survey Prof. Paper 189-B, p. 51-80.

Hussey, K. M., 1971, A K-Ar date on the Rocky Mountain pediment sequence,
north-central New Mexico: Isochron/West, no. 2, p. 45.

Jahns, R. H., 1955, Geology of the Sierra Cuchillo, New Mexico, in New
Mexico Geol. Soc. Guidebook, 6th Field Conf., south-central New
Mexico: p. 158-174.

Jicha, H. L., Jr., 1954, Geology and mineral deposits of Lake Valley
quadrangle, Grant, Luna, and Sierra Counties, New Mexico: New Mexico
Bur. Mines and Mineral Resources Bull. 37, 93 p.

1958, Geology and mineral resources of Mesa del Oro quadrangle,
Socorro and Valencia Counties, New Mexico: New Mexico Bur. Mines and
Mineral Resources Bull. ‘56, 67 p.

Johnson, P. W., 1962, Water in the Coconino Sandstone for the
Snowflake-Hay Hollow area, Navajo County, Arizona: U.S. Geol. Survey
Water-Supply Paper 1539-S, 46 p.

Johnson, R. B., 1974, Geologic map of the Fort Union quadrangle, Mora
County, New Mexico: U.S. Geol. Survey Geol. Quad. Map GQ-1164.

1975, Geologic map of the Rainsville quadrangle, Mora County,
New Mexico: U.S. Geol. Survey Geol. Quad. Map GQ-1276.

Kam, William, 1964, Geology and ground-water resources of McMullen Valley,
Maricopa, Yavapai, and Yuma Counties, Arizona: U.S. Geol. Survey
Water-Supply Paper 1665, 64 p.

Keith, W. J., 1976, Reconnaissance geologic map of the San Vicente and
Cocoraque Butte 15’ quadrangles, Arizona: U.S. Geol. Survey Misc. Field
Studies Map MF-769.

Kelley, V. C., 1955, Geologic map of the Sierra County region, New Mexico, in
New Mexico Geol. Soc. Guidebook, 6th Field Conf., south-central New
Mexico: p. 146-154.

1969, Albuquerque—Its mountains, valley, water, and volca-
noes: New Mexico Bur. Mines and Mineral Resources, Scenic Trips to the
Geol. Past, no. 9, 101 p.

Kelley, V. C., and Silver, Caswell, 1952, Geology of the Caballo Mountains,
with special reference to regional stratigraphy and structure and to mineral
resources, including oil and gas: Univ. New Mexico Pub. Geol. no. 4, 286 p.

Kelley, V. C.,and Wood, G. H., Jr., 1946, Lucero uplift, Valencia, Socorro, and
Bernalillo Counties, New Mexico: U.S. Geol. Survey Oil and Gas Inv.
Prelim. Map 47.

Kluth, C. F.,, and Kluth, M. J., 1974, Geology of the Elden Mountain area,
Arizona, in Geol. Soc. America Guidebook 27, Rocky Mountain Sec. Mtg.,
Flagstaff, Ariz., 1974, Geology of northern Arizona with notes on archaeology
and paleoclimate. Part II, Area studies and field guides: [Flagstaff, Ariz.,
Northern Arizona Univ.], p. 521-529.

Koons, E. D., 1945, Geology of the Unikaret Plateau, northern Arizona: Geol.
Soc. America Bull., v. 56, no. 2, p. 151-180.

Kottlowski, F. E., 1960, Reconnaissance geologic map of Las Cruces thirty-
minute quadrangle: New Mexico Bur. Mines and Mineral Resources Geol.
Map 14.

Krieger, M. H., 1967, Reconnaissance geologic map of the Ash Fork quad-
rangle, Yavapai and Coconino Counties, Arizona: U.S. Geol. Survey Misc.
Geol. Inv. Map [-499.

1967, Reconnaissance geologic map of the Camp Wood quad-
rangle, Yavapai County, Arizona: U.S. Geol. Survey Misc. Geol. Inv. Map
[-502.

1967, Reconnaissance geologic map of the Iron Springs quadrangle,
Yavapai County, Arizona: U.S. Geol. Survey Misc. Geol. Inv. Map [-504.

1967, Reconnaissance geologic map of the Picacho Butte quad-
rangle, Yavapai and Coconino Counties, Arizona: U.S. Geol. Survey Misc.
Geol. Inv. Map [-500.

1967, Reconnaissance geologic map of the Sheridan Mountain
quadrangle, Yavapai County, Arizona: U.S. Geol. Survey Misc. Geol. Inv.
Map [-505.

1967, Reconnaissance geologic map of the Simmons quadrangle,
Yavapai County, Arizona: U.S. Geol. Survey Misc. Geol. Inv. Map 1-503.

1967, Reconnaissance geologic map of the Turkey Canyon quad-
rangle, Yavapai County, Arizona: U.S. Geol. Survey Misc. Geol. Inv. Map
[-501.

Krieger, M. H., Creasey, S. C., and Marvin, R. F., 1971, Ages of some Tertiary
andesitic and latitic volcanic rocks in the Prescott-Jerome area, north-central
Arizona: U.S. Geol. Survey Prof. Paper 750-B, p. B157-B160.

Kudo, A. M., 1976, Volcanism within the Rio Grande rift [Abs.]: Geol. Soc.
America Abs. with Programs, v. 8, no. 5, p. 597.

Lambert, Wayne, 1966, Notes on the Late Cenozoic geology of the Taos-
Questa area, New Mexico, in New Mexico Geol. Soc. Guidebook, 17th Field
Conf., Taos-Raton-Spanish Peaks country, New Mexico and Colorado: p.
43-50.

Landis, E. R., and Dane, C. H., 1967, Geologic map of the Tierra Amarilla
quadrangle, Rio Arriba County, New Mexico: New Mexico Bur. Mines and
Mineral Resources Geol. Map 19.

Lasky, S. G., and Webber, B. N., 1949, Manganese resources of the Artillery
Mountains region, Mohave County, Arizona: U.S. Geol. Survey Bull. 961,
86 p.

Laughlin, A. W., 1976, Written commun.

Laughlin, A. W., and West, F. G., 1976, The Zuni Mountains, New Mexico, as a
potential dry hot rock geothermal energy site: U.S. Energy Research and
Development Admin., Los Alamos Sci. Lab. Informal Rept. LA-6197-MS,
13 p.

Laughlin, A. W., Brookins, D. G., and Causey, J. D., 1972, Late Cenozoic
basalts from the Bandera lava field, Valencia County, New Mexico: Geol.
Soc. America Bull,, v. 83, no. 5, p. 1543-1551.

Lee, G. K., and Bell, John, 1975, Late Cenozoic geology along the Gila River
near Gillespie Dam, central Arizona [Abs.]: Geol. Soc. America Abs. with
Programs, v. 7, no. 3, p. 340-341.

Leeman, W. P., 1974, Late Cenozoic alkali-rich basalt from the western Grand
Canyon area, Utah and Arizona: Isotopic composition of strontium: Geol.
Soc. America Bull,, v. 85, no. 11, p. 1691-1696.

Lipman, P. W., and Mehnert, H. H., 1975, Late Cenozoic basaltic volcanism
and development of the Rio Grande depression in the Southern Rocky
Mountains, in Curtis, Bruce, ed., Cenozoic history of the Southern Rocky
Mountains: Geol. Soc. America Mem. 144, p. 119-154.

Lipman, P. W., and Moench, R. H., 1972, Basalts of the Mount Taylor volcanic
field, New Mexico: Geol. Soc. America Bull., v. 83, no. 5, p. 1335-1343.

Lipman, P. W., Steven, T. A., and Mehnert, H. H., 1970, Volcanic history of the
San Juan Mountains, Colorado, as indicated by potassium-argon dat-
ing: Geol. Soc. America Bull., v. 81, no. 8, p. 2329-2351 [Fission track
date].

Longwell, C. R., 1936, Geology of the Boulder Reservoir floor, Arizona-
Nevada: Geol. Soc. America Bull., v. 47, no. 9, p 1393-1476.

1963, Reconnaissance geology between Lake Mead and Davis Dam,
Arizona-Nevada: U.S. Geol. Survey Prof. Paper 374-E, 51 p.

Lucchitta, Ivo, 1972, Early history of the Colorado River in the Basin and
Range Province: Geol. Soc. America Bull., v. 83, no. 7, p. 1933-1947.
__ = 1974, Structural evolution of northwest Arizona and its relation to
adjacent Basin and Range Province structures, in Geol. Soc. America, Rocky
Mountain Sec. Mtg., Flagstaff, Ariz., 1974, Geology of northern Arizona with
notes on archaeology and paleoclimate. Part I, Regional studies: [Flagstaff,

Ariz., Northern Arizona Univ.], p. 336-354.

Lucchitta, lvo, and McKee, E. H., 1975, New geochronologic constraints on the
history of the Colorado River and its Grand Canyon [Abs.]: Geol. Soc.
America Abs. with Programs, v. 7, no. 3, p. 342.

Lynch, D. J., 1972, Reconnaissance geology of the Bernardino volcanic field,
Cochise County, Arizona: Tucson, Ariz., Univ. Arizona, unpub. Master's
Thesis, 78 p.

1976, Basalt eruptions in the Bernardino volcanic field of south-
eastern Arizona [Abs.]: Geol. Soc. America, Abs. with Programs, v. 8, no. 5,
p. 604-605.

Mahard, R. H., 1949, Late Cenozoic chronology of the Upper Verde Valley,
Arizona: Denison Univ. Sci. Lab. Jour., v. 41, art. 7, p. 97-127.

Marlowe, J. L., 1960, Diatremes and a ring intrusion on the San Carlos Indian
Reservation: Arizona Geol. Soc. Digest, v. 3, p. 150-154.

Manley, Kim, 1976, K-Ar age determinations on Pliocene basalts from the
Espariola Basin, New Mexico: Isochron/West, no. 16, p. 29-30.

Marvin, R. F., and Drewes, H. D., 1976, Oral commun. (field sample no. 72 D
6).

Marvin, R. F., Stern, T. W., Creasey, S. C., and Mehnert, H. H., 1973,
Radiometric ages of igneous rocks from Pima, Santa Cruz, and Cochise
Counties, southeastern Arizona: U.S. Geol. Survey Bull. 1379, 27 p.

McDonald, H. R., and Padgett, H. D., Jr., 1945, Geology and ground-water
resources of the Verde River Valley near Fort McDowell, Arizona: U.S. Geol.
Survey open-file rept., 99 p.

McKay, E. J., 1972, Geologic map of the Show Low quadrangle, Navajo
County, Arizona: U.S. Geol. Survey Geol. Quad. Map GQ-973.

McKee, E. D., and McKee, E. H., 1972, Pliocene uplift of the Grand Canyon
region; time of drainage adjustment: Geol. Soc. America Bull., v. 83, no. 7,
p. 1923-1931.

McKee, E. H., 1973, Potassium-argon age of basalt from Rio de Flag at
Museum of Northern Arizona: Plateau, v. 45, no. 3, p. 111-113.

McKee, E. H., and Anderson, C. A., 1971, Age and chemistry of Tertiary
volcanic rocks in north-central Arizona and relation of the rocks to the
Colorado Plateaus: Geol. Soc. America Bull., v. 82, no. 10, p. 2767-2782.

McKee, E. H., Smith, R. L., and Shaw, H. R., 1974, Preliminary geothermal
exploration San Francisco volcanic field, northern Arizona [Abs.]: Geol. Soc.
America Abs. with Programs, v, 6, no. 5, p. 458.

McKinlay, P. F., 1956, Geology of Costilla and Latir Peak quadrangles, Taos
County, New Mexico: New Mexico Bur. Mines and Mineral Resources
Bull. 42, 32 p.

1957, Geology of Questa quadrangle, Taos County, New Mexico:
New Mexico Bur. Mines and Mineral Resources Bull. 53, 23 p.

Merrill, R. K., 1974, The Late Cenozoic geology of the White Mountains,
Apache County, Arizona: Tempe, Ariz., Arizona State Univ., unpub. Ph. D.
thesis, 258 p.

Miller, F. K., 1970, Geologic map of the Quartzsite quadrangle, Yuma County,
Arizona: U.S. Geol. Survey Geol. Quad. Map GQ-841.

147.

148.

149.

150.

151.

*%152.

153.

154.

*£155:

156.

*157.

158.

*#159.

160.

161.

162.

**163.

164.

**165.

166.

**167.

168.

169.

*170.

171.

**172.
**173.

**174.

175.

176.

177.

178.

179.

**180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

*%190.

191.

192.

193.

*194.

195.

196.

197.

198.

*%199.

200.

201.

202.

203.

204.

205.

MAP SHOWING

Miller, J. P., Montgomery, Arthur, and Sutherland, P. K., 1963, Geology of part
of the southern Sangre de Cristo Mountains, New Mexico: New Mexico Bur.
Mines and Mineral Resources Mem. 11, 106 p.

Montgomery, Arthur, 1953, Pre-Cambrian geology of the Picuris Range,
north-central New Mexico: New Mexico Bur. Mines and Mineral Resources
Bull. 30, 89 p.

Moore, R. B., and Wolfe, E. W., 1974, Geologic map of the eastern San
Francisco volcanic field, Arizona: U.S. Geol. Survey open-file rept.

Moore, R. B., Wolfe, E. W., and Ulrich, G. E., 1974, Geology of the eastern and
northern parts of the San Francisco volcanic field, Arizona, in Geol. Soc.
America Guidebook 27, Rocky Mountain Sec. Mtg., Flagstaff, Ariz., 1974,
Geology of northern Arizona with notes on archaeology and paleoclimate.
Part II, Area studies and field guides: [Flagstaff, Ariz., Northern Arizona
Univ.], p. 465-494.

Moore, R. T., 1972, Geology of the Virgin and Beaverdam Mountains, Arizo-
na: Arizona Bur. Mines Bull. 186, 65 p.

Muehlberger, W. R., 1955, Relative age of Folsom Man and the Capulin
Mountain eruption, Colfax and Union Counties, New Mexico [Abs.]: Geol.
Soc. America Bull,, v. 66, no. 12, pt. 2, p. 1600-1601 [carbon-14 date].

1968, Geologic map, cross sections, and structure contour and tec-
tonic map of Brazos Peak fifteen-minute quadrangle, New Mexico: New
Mexico Bur. Mines and Mineral Resources Geol. Map 22.

Muehlberger, W. R., Baldwin, Brewster, and Foster, R. W., 1961, High Plains,
northeastern New Mexico, Raton-Capulin Mountain-Clayton: New Mexico
Bur. Mines and Mineral Resources, Scenic Trips Geol. Past, no. 7, 106 p.

Naeser, C. W., 1971, Geochronology of the Navajo-Hopi diatremes, Four
Corners area: Jour. Geophys. Research, v. 76, no. 20, p. 49784985
[fission-track date].

Nelson, F. J., 1968, Volcanic stratigraphy and structure of the Pena Blanca and
Walker Canyon areas, Santa Cruz County, Arizona, in Geol. Soc. America,
southern Arizona Guidebook 3, Cordilleran Sec., 64th Ann. Mtg.: Tucson,
Ariz., Arizona Geol. Soc., p. 171-182.

Nichols, R. L., 1946, McCartys basalt flow, Valencia County, New
Mexico: Geol. Soc. America Bull., v. 57, no. 11, p 1049-1086 [geologic
estimate].

Olmsted, F. H., Loeltz, O. J., and Irelan, Brudge, 1973, Geohydrology of the
Yuma area, Arizona and California: U.S. Geol. Survey Prof. Paper 486-H,
227 p.

Ozima, M., Kono, M., Kaneoka, I., Kinoshita, H., Kobayashi, Kazuo, Nagata,
Takesi, Larson, E. E., and Strangway, D. W., 1967, Paleomagnetism and
potassium-argon ages of some volcanic rocks from the Rio Grande gorge,
New Mexico: Jour. Geophys. Research, v. 72, no. 10, p. 2615-2621.

Ransome, F. L., 1923, Geology of the Oatman gold district, Arizona, a
preliminary report: U.S. Geol. Survey Bull. 743, 58 p.

Ratté, J. C., and Gaskill, D. L., 1975, Reconnaissance geologic map of the Gila
Wilderness study area, southwestern New Mexico: U.S. Geol. Survey Misc.
Inv. Ser. Map [-886.

Ratte, J. C., Landis, E. R., Gaskill, D. L., and Raabe, R. G., 1969, Mineral
resources of the Blue Range primitive area, Greenlee County, Arizona, and
Catron County, New Mexico: U.S. Geol. Survey Bull. 1261-E, 91 p.

Renault, Jacques, 1970, Major-element variations in the Potrillo, Carrizozo,
and McCartys basalt fields, New Mexico: New Mexico Bur. Mines and
Mineral Resources Circ. 113, 22 p.

Robinson, H. H., 1913, The San Franciscan volcanic field, Arizona: U.S. Geol.
Survey Prof. Paper 76, 213 p.

Sabels, B. E., 1960, Late Cenozoic volcanism in the San Francisco volcanic
field and adjacent areas in north-central Arizona: Tucson, Ariz., Univ.
Arizona, unpub. Ph. D. thesis, 287 p. [thermo-luminescence date].

1962, Mogollon rim volcanism and geochronology, in New Mexico
Geol. Soc. Guidebook, 13th Field Conf., Mogollon rim region, east-central
Arizona: p. 100-106.

Scarborough, R. B., Damon, P. E., and Shafiqullah, Muhammad, 1974, K-Ar
age for a basalt from the volcanic member (unit 5) of the Bidahochi Formation
[Abs.]: Geol. Soc. America Abs. with Programs, v. 6, no. 5, p. 472.

Schmidt, P. G., and Craddock, Campbell, 1964, The geology of the Jarilla
Mountains, Otero County, New Mexico: New Mexico Bur. Mines and
Mineral Resources Bull. 82, 55 p.

Scott, G. R., 1974, Geology, petrology, Sr-isotopes and paleomagnetism of
the Thirteenmile Rock volcanics, central Arizona: Dallas, Tex., Univ. Texas,
unpub. of Master’s thesis, 71 p.

Seager, W. R., Clemons, R. E., and Hawley, J. W., 1975, Geology of Sierra
Alta quadrangle, Dona Ana County, New Mexico: New Mexico Bur. Mines
and Mineral Resources Bull. 102, 56 p.

Shoemaker, E. M., Roach, C. H., and Byers, F. M., Jr., 1962, Diatremes and
uranium deposits in the Hopi Buttes, Arizona, in Engel, A. E. J., James, H. L.,
and Leonard, B. F., eds., Petrologic studies: a volume in honor of A. F.
Buddington: New York, Geol. Soc. America, p. 327-355.

Silberman, M. L., Smith, R. L., and Bailey, R. A., 1976, Written commun.

Simons, E. L., and Alexander, H. L., Jr., 1964, Age of the Shasta ground sloth
from Aden Crater, New Mexico: Am. Antiquity, v. 29, no. 3, p. 390-391
[carbon-14 date].

Smiley, T. L., 1958, The geology and dating of Sunset Crater, Flagstaff,
Arizona, in New Mexico Geol. Soc. Guidebook, 9th Field Conf., Black Mesa
Basin, northeastern Arizona: p. 186-190 [tree-ring date].

Smith, C. T., 1954, Geology of the Thoreau quadrangle, McKinley and
Valencia Counties, New Mexico: New Mexico Bur. Mines and Mineral
Resources Bull. 31, 36 p.

1958, Geologic map of Inscription Rock quadrangle, Valencia and
McKinley Counties, New Mexico: New Mexico Bur. Mines and Mineral
Resources Geol. Map 4.

1964, Geology of the Little Black Peak quadrangle, Socorro and
Lincoln Counties, New Mexico, in New Mexico Geol. Soc. Guidebook, 15th
Field Conf., Ruidoso country: p. 92-99.

Smith, R. L., Bailey, R. A., and Ross, C. S., 1970, Geologic map of the Jemez
Mountains, New Mexico: U.S. Geol. Survey Misc. Geol. Inv. Map [-571.
Stobbe, H. R., 1949, Petrology of volcanic rocks of northeastern New

Mexico: Geol. Soc. America Bull,, v. 60, no. 6, p. 1041-1095.

Stormer, J. C., Jr., 1972, Ages and nature of volcanic activity on the southern
High Plains, New Mexico and Colorado: Geol. Soc. America Bull., v. 83, no.
8, p. 2443-2448.

1972, Mineralogy and petrology of the Raton-Clayton volcanic field,
northeastern New Mexico: Geol. Soc. America Bull, v. 83, no. 11, p.
3299-3321.

Sutton, R. L., 1974, The geology of the Hopi Buttes, Arizona, in Geol. Soc.
America Guidebook 27, Rocky Mountain Sec. Mtg., Flagstaff, Ariz., 1974,
Geology of northern Arizona with notes on archaeology and paleoclimate.
Part II, Area studies and field guides: [Flagstaff, Ariz., Northern Arizona
Univ.], p. 647-671.

Thaden, R. E., and Ostling, E. J., 1967, Geologic map of the Bluewater
quadrangle, Valencia and McKinley Counties, New Mexico: U.S. Geol.
Survey Geol. Quad. Map GQ-679.

Thaden, R. E., Merrin, Seymour, and Raup, O. B., 1967, Geologic map of the
Grants SE quadrangle, Valencia County, New Mexico: U.S. Geol. Survey
Geol. Quad. Map GQ-682.

Thaden, R. E., Santos, E. S., and Ostling, E. J., 1967, Geologic map of the Dos
Lomas quadrangle, Valencia and McKinley Counties, New Mexico: U.S.
Geol. Survey Geol. Quad. Map GQ-680.

Thaden, R. E., Santos, E. S., and Raup, O. B., 1967, Geologic map of the
Grants quadrangle, Valencia County, New Mexico: U.S. Geol. Survey Geol.
Quad. Map GQ-681.

Thomsen, B. W., and Schumann, H. H., 1968, Water resources of the
Sycamore Creek watershed, Maricopa County, Arizona: U.S. Geol. Survey
Water-Supply Paper 1861, 53 p.

Titus, F. B., Jr., 1963, Geology and ground-water conditions in eastern
Valencia County, New Mexico: New Mexico Bur. Mines and Mineral
Resources Ground-Water Rept. 7, 113 p.

Tonking, W. H., 1957, Geology of Puertecito quadrangle, Socorro County,
New Mexico: New Mexico Bur. Mines and Mineral Resources Bull. 41, 67 p.

Trauger, F. D., 1973, K-Ar dates on a basalt flow and a vent plug in northeast
Harding County, northeastern New Mexico: Isochron/West, no. 7, p. 7-9.

Twenter, F. R., 1962, Geology and promising areas for ground-water
development in the Hualapai Indian Reservation, Arizona: U.S. Geol.
Survey Water-Supply Paper 1576-A, 38 p.

Twenter, F. R., and Metzger, D. G., 1963, Geology and ground water in Verde
Valley-the Mogollon Rim region, Arizona: U.S. Geol. Survey Bull. 1177,
132 p.

Ulrich, G. E., and Bailey, N. G., 1974, Geologic map of the SP Mountain
quadrangle, Coconino County, Arizona: U.S. Geol Survey open-file rept.
74-5.

Ulrich, G. E., and McKee, E. H., 1976, Written commun.

Updike, R. G., 1974, The volcanic history of the San Francisco Mountain,
northern Arizona, in Geol. Soc. America Guidebook 27, Rocky Mountain
Sec. Mtg., Flagstaff, Ariz., 1974, Geology of northern Arizona with notes on
archaeology and paleoclimate. Part II, Area studies and field
guides: [Flagstaff, Ariz., Northern Arizona Univ.], p. 547-556.

Wanek, A. A., 1962, Reconnaissance geologic map of parts of Harding, San
Miguel, and Mora Counties, New Mexico: U.S. Geol. Survey Oil and Gas
Inv. Map OM-208.

Weber, R. H., 1963, Cenozoic volcanic rocks of Socorro County, in New
Mexico Geol. Soc. Guidebook, 14th Field Conf., Socorro region, New
Mexico: p. 132-143.

1964, Geology of the Carrizozo quadrangle, New Mexico, in New
Mexico Geol. Soc. Guidebook, 15th Field Conf., Ruidoso country: p.
100-109.

1971, K-Ar ages of Tertiary igneous rocks in central and western
New Mexico: Isochron/West, no. 1, p. 33-45.

Weber, R. H., and Willard, M. E., 1959, Reconnaissance geologic map of
Reserve thirty-minute quadrangle: New Mexico Bur. Mines and Mineral
Resources Geol. Map 12.

Willard, M. E., 1957, Reconnaissance geologic map of Pirionville thirty-minute
quadrangle: New Mexico Bur. Mines and Mineral Resources Geol. Map 3.

1959, Tertiary stratigraphy of northern Catron County, New Mexico,
in New Mexico Geol. Soc. Guidebook, 10th Field Conf., west-central New
Mexico: p. 92-99.

Willard, M. E., and Givens, D. B., 1958, Reconnaissance geologic map of Datil
thirty-minute quadrangle: New Mexico Bur. Mines and Mineral Resources
Geol. Map 5.

Willard, M. E., and Weber, R. H., 1958, Reconnaissance geologic map of
Carion Largo thirty-minute quadrangle: New Mexico Bur. Mines and
Mineral Resources Geol. Map 6.

Willden, Ronald, 1964, Geology of the Christmas quadrangle, Gila and Pinal
Counties, Arizona: U.S. Geol. Survey Bull. 1161-E, 64 p.

DISTRIBUTION, COMPOSITION, AND AGE OF LATE CENOZOIC VOLCANIC CENTERS IN ARIZONA AND NEW MEXICO

206.

207.

208.

200.
210.

*211.
212.

213.
214.
215.

216.

217.
218.

219.

Williams, Howel, 1936, Pliocene volcanoes of the Navajo-Hopi country: Geol.
Soc. America Bull., v. 47, no. 1, p. 111-172.

Wilpolt, R. H., and Wanek, A. A., 1951, Geology of the region from Socorro
and San Antonio east to Chupadera Mesa, Socorro County, New
Mexico: U.S. Geol. Survey Oil and Gas Inv. Map OM-121.

Wilpolt, R. H., McAlpin, A. J., Bates, R. L., and Vorbe, Georges, 1946,
Geologic map and stratigraphic sections of Paleozoic rocks of Joyita Hills, Los
Pinos Mountains and northern Chupadera Mesa, Valencia, Torrance, and
Socorro Counties, New Mexico: U.S. Geol. Survey Qil and Gas Inv. Prelim.
Map 61.

Wilson, E. D., Moore, R. T., and Cooper, J. R., 1969, Geologic map of
Arizona: U.S. Geol. Survey and Arizona Bur. Mines.

Winchester, D. E., 1961, Geology of Alamosa Creek Valley, Socorro County,
New Mexico: U.S. Geol. Survey Bull. 716-A, p. 1-15.

Wolfe, E. W., and McKee, E. H., 1976, Written commun.

Wood, G. H.,, Jr.,, Northrop, S. A., and Griggs, R. L., 1953, Geology and
stratigraphy of Koehler and Mount Laughlin quadrangles and parts of Abbott
and Springer quadrangles, eastern Colfax County, New Mexico: U.S. Geol.
Survey Oil and Gas Inv. Map OM-141.

Wright, H. E., Jr., 1943, Cerro Colorado, an isolated nonbasaltic volcano in
central New Mexico: Am. Jour. Sci., v. 241, no. 1, p. 43-56.

1946, Tertiary and Quaternary geology of the lower Rio Puerco area,
New Mexico: Geol. Soc. America Bull., v. 57, no. 5, p. 383-456.

Wrucke, C. T., 1961, Paleozoic and Cenozoic rocks in the Alpine-Nutrioso
area, Apache County, Arizona: U.S. Geol. Survey Bull. 1121-H, 26 p.

Wrucke, C. T., and Bromfield, C. S., 1961, Reconnaissance geologic map of
part of the southern Peloncillo Mountains, Hidalgo County, New
Mexico: U.S. Geol. Survey Misc. Field Studies Map MF-160.

Young, R. A., 1966, Cenozoic geology along the edge of the Colorado Plateau
in northwestern Arizona: Unpubl. Ph. D. thesis, Washington Univ., 220 p.

Zeller, R. A., Jr., 1959, Reconnaissance geologic map of Dog Mountains
quadrangle: New Mexico Bur. Mines and Mineral Resources Geol. Map 8.

1962, Reconnaissance geologic map of southern Animas Moun-
tains: New Mexico Bur. Mines and Mineral Resources Geol. Map 17.

*Geologic and geochronologic data
**Geochronologic data only (not shown on fig. 2)

NORTH DAKOTA

SOUTH DAKOTA

NEBRASKA

COLORADO

NEW MExico

0 100 200 3?0 MILES

0 100 200 300 400 KILOMETERS

Index map showing location of study area (shaded)

OKLAHOMA

MISCELLANEOUS INVESTIGATIONS SERIES
(SHEET 2 OF 2) MAP [-1091-A

36°—

112°
T
0
é 4 — 36°
)
=
Z 5
e &
— 35°
INSET A

i
£
|

o e MW&@«P{A. —— : :,,, ,..W Jfﬂwa S $¢ - '.. K, .

-----

ALAROS 7

NDOV

sERNALILL

.| TqRRANCE

/SR SN D Lo bt pgeaen L0
- : | ! ]
; L ft s £

i i

A\ LINCOLN |

‘‘‘‘‘‘

g :

REENLE

“ﬁégfgfﬁ

2
sannriNliinnn
CIUTTTRTERO T L L )]

R&N k

Figure 1.—Data reliability map for volcanic fields within the map area. Area rank is based on the availability of (a)

detailed geologic maps, (b) detailed chemical and (or) petrographic data, and (c) adequate geochronologic data.
RANK 1—Must satisfy all above criteria. RANK 2—Must satisfy 2 of above criteria. RANK 3—Must satisfy 1 of
above criteria. RANK 4—Little or no adequate data. RANK 5—Not applicable.

This classification is in part subjective; greatest weight is placed upon geologic maps; rock chemistry and (or)
geochronologic data without detailed geologic relations and locations have minimal value. It cannot be
overemphasized that a prime purpose for this reliability diagram is to point out those areas where geologic
information is needed. Regardless of area rank, data gaps exist in all areas.
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Figure 2.—Map showing principal sources of geologic, petrologic, and geochronologic data. The

36°

62, 1.6+0.1(142) geology and vent information in some localities have been modified or supplemented through
63, 5.49+0.19(54) study and interpretation of topographic maps and aerial photographs. Where applicable, an
original source is used and indicated although it might have been in part superseded or
incorporated in a more recent source.
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