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STUDIES RELATED TO WILDERNESS

Bureau of Land Management Wilderness Study Area

The Federal Land policy and Management Act (Public Land 94-579, October 21, 
1976) requires the U.S. Geological Survey and the U.S. Bureau of Mines to conduct min­ 
eral surveys of certain areas to determine the mineral values, if any, that may be present 
Results must be made available to the public and be submitted to the President and the 
Congress. This report presents the results of mineral surveys of the Arrastra Mountain/ 
Peoples Canyon Wilderness Study Area (AZ-020-059/068), La Paz, Mohave, and 
Yavapai Counties, Arizona.
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Mineral Resources of the
Arrastra Mountain/Peoples Canyon
Wilderness Study Area,
La Paz, Mohave, and Yavapai Counties,
Arizona
By Floyd Gray, Robert J. Miller, James A. Pitkin, William C. Bagby, Jerry R. Hassemer, 
J. Howard McCarthy, William F. Hanna, and Mary Lou Conant Callas 
U.S. Geological Survey

Michael E. Lane 
U.S. Bureau of Mines

SUMMARY 

Abstract

At the request of the U.S. Bureau of Land Management, 
approximately 109,523 acres of the Arrastra Mountain/ 
Peoples Canyon Wilderness Study Area (AZ-020-059/068) 
were evaluated for mineral resources (known) and mineral 
resource potential (undiscovered). In this report, the area 
studied is referred to as the "wilderness study area" or simply 
"the study area"; any reference to the Arrastra Mountain/ 
Peoples Canyon Wilderness Study Area refers only to that 
part of the wilderness study area for which a mineral survey 
was requested by the U.S. Bureau of Land Management 
Geologic, geochemical, geophysical, and mineral surveys 
were conducted by the U.S. Geological Survey and the U.S. 
Bureau of Mines in 1984-1987 to appraise the identified min­ 
eral resources and to assess the mineral resource potential of 
the study area. These studies indicate that small- to moder­ 
ate-sized identified resources of manganese, uranium, and 
gold exist inside the study area, adjacent to several important 
mining districts. Common sand and gravel in the study area 
are not likely to be developed. In addition, areas of high 
mineral resource potential for undiscovered resources exist 
for sediment-hosted manganese and uranium and for gold 
and minor silver in shear zones in granite. There is moderate 
resource potential for gold and minor silver in shear zones in 
granite; for epithermal veins of silver, gold, lead, and zinc

Manuscript approved for publication, June 30, 1989.

minerals; and for tungsten, rare-earth elements, quartz, and 
feldspar in pegmatites. The mineral resource potential for 
copper, lead, and zinc in volcanogenic rhyolite-hosted mas­ 
sive sulfide deposits is low, as it also is for disseminated rare- 
earth elements and-uranium and thorium in the Proterozoic 
granites. The mineral resource potential for zeolite minerals, 
clay, and gypsum is considered low in the northwestern part 
of the study area. The south-central part of the study area has 
low potential for lacustrine uranium, for coal, and for oil and 
gas resources. Several low-lying parts of the study area have 
moderate potential for low-temperature geothermal energy 
resources.

Character and Setting

The Arrastra Mountain/Peoples Canyon Wilderness 
Study Area (fig. 1) is in west-central Arizona approxi­ 
mately 40 mi northwest of Wickenburg and 30 mi east of 
the Colorado River. Access to this isolated area is mainly 
by jeep trails from U.S. Highway 93. The terrain is steep 
and nigged; elevations range from 1,100 ft near the con­ 
fluence of the Big Sandy and Santa Maria Rivers in the 
southwestern part of the study area to 4,807 ft in the 
Poachie Range in the northeastern part Artillery Peak 
(3,213 ft) is a prominent feature in the western part of the 
study area.

The area is underlain by Early Proterozoic (see 
"Appendixes" for geologic time chart) metasedimentary

Arrastra Mountain/Peoples Canyon Wilderness Study Area, Arizona E1



and metavolcanic rocks, which were intruded by Early to 
Middle Proterozoic quartz monzonite to granite plutons. 
These crystalline rocks were cut by Proterozoic tourmaline-

bearing pegmatites and mafic dikes. These rocks were 
intruded by granite plutons of Cretaceous or Tertiary age. 
Tertiary sedimentary and volcanic rocks unconformably
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Figure 1. Index map showing location of Arrastra Mountain/Peoples Canyon Wilderness Study Area, La Paz, Mohave, and 
Yavapai Counties, Arizona.
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overlie these older rocks. Alluvium occurs in stream beds, 
on pediment surfaces, and along intermontane valleys.

Numerous minor faults cut the rocks of the study area. 
Faults of possible early Miocene age generally trend north­ 
west; a younger set of north- to northeast-trending faults 
occurs in the Poachie Range. The study area lies on the 
northern edge of the detachment-fault terrane of southeast- 
em California and western Arizona.

The Arrastra Mountain/Peoples Canyon Wilderness 
Study Area is immediately east of the Artillery Peak min­ 
ing district, which has produced 95,108 Ib of manganese. 
A uranium-bearing area in the southern part of the study 
area is near the Anderson mine, which is part of the Date 
Creek basin uranium district centered southeast of the area 
and the site of extensive uranium exploration. Gold occurs 
with quartz and calcite along shear and fault zones at the 
Button claims group, the Dunlap mine, the Antler mine, 
and at workings in the western part of the study area.

Identified Resources

Identified manganese resources consist of approxi­ 
mately 520 tons of rock averaging 6.05 percent manganese 
in a Vein in an unnamed adit in the southwestern part of the 
study area and an estimated 300 tons of ore averaging 16.2 
percent manganese in another adit in the same part of the 
study area.

Identified uranium resources occur near Artillery Peak. 
Analytical data, with the aid of cross sections drawn 
through drill holes located along the west boundary of the 
study area, show that uranium resources in that area consist 
of 90,000 tons of rock averaging between 0.01 and 0.05 
percent uranium oxide (U3O8), 20,000 tons averaging be­ 
tween 0.05 and 0.1 percent U3O8, and 30,000 tons having 
more than 0.1 percent U3O8.

The Anderson uranium mine, approximately 1.5 mi 
southeast of the wilderness study area, has extensive sur­ 
face excavations. Between 1955 and 1959, about 33,230 
pounds of U3O8 was produced from 10,758 tons of ore with 
an average grade of 0.15 percent. Recent studies have 
shown that ore-bearing horizons are more extensive than 
previously recognized.

Several occurrences of gold and silver were examined 
within the study area; an inferred subeconomic resource of 
about 340 tons containing 0.372 oz gold per ton was iden­ 
tified.

The wilderness study area contains sand and gravel in 
dry washes and river beds'that are not close to existing 
markets, and similar material can be found in abundance 
closer to local markets. Therefore, development of this 
material is unlikely. No geothermal resources were identi­ 
fied in the study area. Alluvial areas and adjacent ground 
within the study area are under lease for oil and gas, but no 
occurrences of oil and gas resources are known to exist in 
the study area.

Mineral Resource Potential

Geologic, geophysical, and geochemical data indicate 
a variety of settings for mineral commodities in the Arras­ 
tra Mountain/Peoples Canyon Wilderness Study Area. 
Figure 2, plate 1, and table 3 show the deposit types ex­ 
pected, host lithologies, commodities, and mineral resource 
potential.

Sedimentary strata in the western and southern parts of 
the study area have high resource potential for manganese 
and uranium deposits and moderate resource potential for 
silver, gold, lead, and zinc deposits. The potential for 
disseminated and fault- or shear-controlled gold and minor 
silver resources in Proterozoic granitic rocks in the north- 
central part of the study area is high in two areas and 
moderate in one. Proterozoic granitic rocks in the north 
and central parts of the study area also have low resource 
potential for disseminated rare-earth elements (REE) and 
disseminated uranium and thorium. Moderate potential 
exists in the eastern part of the study area for tungsten, rare- 
earth elements, quartz, and feldspar in pegmatites. The 
mineral resource potential is low for additional sediment- 
hosted uranium in the southern part of the study area and 
for volcanogenic massive sulfides containing copper, lead, 
and zinc in the eastern part. A low resource potential exists 
for zeolite minerals, clay, and gypsum in the northwest 
corner and for coal, oil, and gas near the south border. 
Several alluvium-filled valleys in the study area have 
moderate potential for low-temperature geothermal energy 
resources.

INTRODUCTION

This mineral resource study is a joint effort by the U.S. 
Geological Survey and the U.S. Bureau of Mines. An 
introduction to the wilderness review process, mineral 
survey methods, and agency responsibilities was provided 
by Beikman and others (1983). The U.S. Bureau of Mines 
evaluates identified resources at individual mines and 
known mineralized areas by collecting data on current and 
past mining activities and through field examination of 
mines, prospects, claims, and mineralized areas. Identified 
resources are classified according to a system that is a 
modification of that described by McKelvey (1972) and 
U.S. Bureau of Mines and U.S. Geological Survey (1980). 
U.S. Geological Survey studies provide a scientific basis 
for assessing the potential for undiscovered mineral re­ 
sources by determining geologic units and structures, pos­ 
sible environments of mineral deposition, presence of 
geochemical and geophysical anomalies, and applicable 
mineral-deposit models. Goudarzi (1984) discussed min­ 
eral assessment methodology and terminology as they 
apply to these surveys. See "Appendixes" for the definition 
of levels of mineral resource potential and certainty of 
assessment and for the resource/reserve classification.

Arrastra Mountain/Peoples Canyon Wilderness Study Area, Arizona E3
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Methods and Sources of Data

The U.S. Geological Survey conducted field investiga­ 
tions of the Arrastra Mountain/Peoples Canyon Wilderness 
Study Area in 1984-1987. This work included geologic 
mapping at scales of 1:62,500 and 1:24,000, geochemical 
sampling, and examining outcrops for evidence of minerali­ 
zation. The geochemical survey utilized stream-sediment 
(including a fine fraction and a heavy-mineral concentrate) 
and rock samples that were analyzed for 33 elements by 
semiquantitative emission spectrography. Gold, arsenic, 
antimony, cadmium, mercury, zinc, and bismuth were 
analyzed by atomic-absorption methods, and uranium and 
thorium by delayed-neutron count. Earlier geophysical 
data from a regional gamma-ray survey and regional grav­ 
ity and magnetic surveys were compiled and analyzed for 
this study. X-band side-looking airborne radar data and 
stereoscopic Landsat thematic mapper (TM) images were 
interpreted by using photographic techniques for structural 
fabric, major tectonic elements, and areas that may have 
been hydrothermally altered. Further details on analytical 
procedures undertaken for this resource assessment are 
given in the appropriate sections that follow.

The geologic map of the Arrastra Mountain/Peoples 
Canyon Wilderness Study Area (plate 1) was compiled at a 
scale of 1:62,500 and is based largely on previous mapping 
(Bryant, 1988; J.K. Otton, unpublished mapping). Altered 
and mineralized areas were examined in detail to identify 
the effects of hydrothermal activity in the area.

The U.S. Bureau of Mines studied prospects and 
mineralized areas within the study area and investigated the 
history of mining and production within and adjacent to the 
study area. These studies included a literature search, field 
examination of prospects and mines, and assaying of 
samples. Mining claim information was obtained from the 
U.S. Bureau of Land Management State Office in Phoenix, 
Ariz.

Previous Work

The manganese deposits and Tertiary rocks of the 
Artillery Peak mining district west of the study area have 
been described by Wilson and Butler (1930), Lasky and 
Webber (1938, 1944, 1949), Sanford and Stewart (1948), 
Famham and Stewart (1958), and Mouat (1962). Reyner 
and others (1956) described the Tertiary rocks and uranium 
deposits exposed at the Anderson mine on the northeastern 
side of the Artillery Peak-Date Creek basin (including the 
southeastern part of the wilderness study area). The geol­ 
ogy and genesis of ores at the Anderson mine were studied 
by Sherborne and others (1979), Otton (1981a), and 
Mueller and Halbach (1983). Donnelly and Hahn (1981) 
described the depositional environment of nearby 
Proterozoic massive sulfide deposits. Additional studies of

uraniferous rocks and the structural setting of the Artillery 
Peak-Date Creek basin area were done by Otton (1977; 
1978a, b; 1981b; 1982a, b), Granger and Raup (1962), 
Otton and Wynn (1978), and Calzia and Luken (1981). A 
preliminary assessment of mineral resources of the Prescott 
1° by 2° quadrangle includes a discussion of the study area 
(C.M. Conway, written commun., 1987). Detailed geologic 
mapping by Bryant (1988) and J.K. Otton (unpub. data) 
includes a large part of the study area.

Areas outside the study area have been actively ex­ 
plored for precious-metal and uranium-vanadium deposits 
(Wilkins and Heidrick, 1982; Keith and others, 1983; 
Spencer and Welty, 1985, 1986; Welty and others, 1985; 
Wilkins and others, 1986; Spencer and Reynolds, 1988; 
Spencer and others, 1988), and the results of these studies 
are applicable to the mineral resource potential of the study 
area.
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U.S. Bureau of Mines

Introduction

In 1984 and 1987, the U.S. Bureau of Mines (USBM), 
in conjunction with the U.S. Geological Survey (USGS) 
conducted a mineral investigation of the Arrastra Moun­ 
tain/Peoples Canyon Wilderness Study Area, land that is 
administered by the U.S. Bureau of Land Management
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(BLM). USBM personnel investigated the wilderness 
study area and adjacent areas within 1 mi of the boundary 
and collected information from published and unpublished 
reports. Mining claim locations and land status plats were 
reviewed at the BLM State Office in Phoenix, Ariz. 
Mineralized areas, mines, and prospects were sampled and 
mapped by compass-and-tape methods, and resource calcu­ 
lations were made.

A total of 184 chip, select, and grab samples was 
collected; 34 were from within the study area. In the area 
of Peoples Canyon, no workings or mineralized areas were 
found, and no samples were taken. Most samples were 
analyzed for 26 elements by neutron activation. Some 
samples were analyzed by fire assay for gold and silver; 61 
samples were analyzed spectrographically for 40 elements 
at the USBM Reno Research Center, Reno, Nev. (Lane, 
1985, 1988). Selected samples were analyzed by atomic 
absorption methods for manganese, by fluorometric meth­ 
ods for uranium, and by X-ray fluorescence for thorium. 
Sample data were discussed by Lane (1985, 1988). Some 
analyses were made by Bondar-Clegg and Company, 
Lakewood, Colo. A summary of the results is given in 
table 1, and complete data for all samples and the details of 
grade and tonnage estimates are available for public inspec­ 
tion at the U.S. Bureau of Mines, Intermountain Field 
Operations Center, Building 20, Denver Federal Center, 
Denver, CO 80225.

Previous Investigations

Manganiferous sedimentary rocks in the Artillery 
Mountains and surrounding area have been investigated 
since the 1920's. This area was drilled intermittently by 
the M.A. Hanna Co. from 1937 to 1940 and by the USBM 
from 1941 to 1949 (Famham and Stewart, 1958). Drilling 
by the USBM was pan of a joint investigation with the 
USGS on the strategic mineral resources of the area (Lasky 
and Webber, 1949). Wilson and Butler (1930) described 
the geology of the various manganese properties. Lasky 
and Webber (1949) prepared a detailed geologic report of 
an area bordered by the Bill Williams and Big Sandy 
Rivers.

Uranium occurrences near the southern part of the 
wilderness study area were studied extensively by Otton 
(1977), Sherborne and others (1979), and Mueller and 
Halbach (1983). The areas around the Anderson Mine and 
near Artillery Peak were drilled by Jacquays Mining Corp. 
in the 1950's(?) to Uet'ermine the extent of uranium miner­ 
alization.

Mining Activity

The western part of the Arrastra Mountain/Peoples 
Canyon Wilderness Study Area is on the edge of the Artil­ 
lery Peak mining district, which contains some of the larg­

est reserves of low-grade manganese in the United States 
(Farnham and Stewart, 1958). Most of the manganese 
production was at least 0.5 mi west and southwest of the 
study area.

Manganese production from the Artillery Peak district 
began about 1914 and continued intermittently until 1955 
(Famham and Stewart, 1958). About 95,108,000 Ib of 
manganese ore was mined from the district between 1946 
and 1959 (Keith and others, 1983, p. 17). One pit and two 
short adits were found in the wilderness study area, but no 
production has been reported from these workings.

The Anderson mine, about 1 mi southeast of the study 
area, consists of extensive surface excavations. Sherborne 
and others (1979, p. 625) stated that 10,758 tons of ore 
containing 33,230 Ib of U3O8 (uranium oxide) was mined 
between 1955 and and 1959.

Gold has been mined from quartz veins about 2 mi east 
of the study area in the Crosby (Eureka) mining district. 
USBM records indicate that 322 oz gold, 133 oz silver, 825 
Ib lead, and 140 Ib copper were produced between 1935 
and 1942 from the Homestake, Big Stick, and Weepah 
mines in this district.

The Antler mine, surrounded by the study area and the 
only patented mining claim within it, was developed pri­ 
marily for gold. Samples were taken at the Antler mine, 
but data are confidential by request of the owner.

Several mining claims and oil and gas leases are lo­ 
cated inside and near the wilderness study area (Lane 1985, 
1988), but no evidence of exploration was noted by 1988.

Mineralized Areas

Manganese

Manganese is found in the southwestern part of the 
Arrastra Mountain/Peoples Canyon Wilderness Study Area 
(fig. 2, pi. 1, No. 11) in the Artillery Formation of Oligo- 
cene and (or) Miocene age and in the younger Chapin 
Wash Formation. However, all workings and sample lo­ 
calities are in the Artillery Formation. No significant 
manganese was found elsewhere in the study area.

Field investigations by the USBM show that manga­ 
nese in the study area occurs in veins, as matrix in con­ 
glomerates, in fault zones, and as disseminations in red 
sandstone and boulder conglomerate. Famham and Stewart 
(1958, p. 30) state that stratified manganese deposits also 
occur. The manganese-bearing veins and faults in the study 
area are less than 5 ft wide and have a traceable strike 
length of less than 150 ft

Eleven samples taken within the wilderness study area 
contain more than 1 percent manganese; the average man­ 
ganese content is 3.88 percent The highest manganese 
content in these samples is 26.9 percent; the lowest is 0.01 
percent (Lane, 1985, 1988).
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Table 1. Description of U.S. Bureau of Mines sample localities in and near the Arrastra Mountain/Peoples Canyon Wilderness 
Study Area, La Paz, Mohave, and Yavapai Counties, Arizona

i*, samples outside or partly within the study area; A after sample number indicates samples collected in 1987; other samples v collected in 1984. Ag, 
silver, Au, gold, Ba, barium; Th, thorium; MnO2 , manganese oxide; U,Og , uranium oxide; Zn, zinc; ozA, ounce per ton; ppb, parts per billion; ppm, 
pans per million; %, percent; mi, mile. All information on Antler mine is proprietary. Summarized from Lane (1985, 1988)]

Map No. Sample 
(pi . 1 ; Nos. 
fig. 2)

1 64A-
114A

2 44-57

3 1A-21A

4 22A-
50A

5 51A-
63A

6 58-60

7 66-68

8 61-65

9 115A-
116A

10 36-43

11 6-35

12 4-5

13 1-3

Name

 State mine
and Green­
wood Spring
area.

'Unnamed
prospects.

'Unnamed
prospects.

 Goldbug
mine.

Unnamed
prospects.

Unnamed
prospects.

Dunlap
mine.

Button
claims
group.

'Unnamed
prospect.

 Masterson
claims
group.

'Santa Maria
area.

'Spring mine

 Unnamed
prospect.

Location Commodity

Sees. 4, 5, and Th ----- -
9, T. 13 N.,
R. 12 W.

Sees. 14 and 24, None
T. 13 N.. T. 12 detected.
W.

Sec. 1. T. 12 N., Au- ----- -
R. 14 W.; sec.
6. T. 12 N., R.
13 W.; sec. 31,
T. 13 N., R. 13
W.

Sees. 29 and 32, Au ----- -
T. 13 N., R. 13
W.

^ff 1 T 15 K An - ... -

R. 13 W.

Sec. 34, T. 13 None
N., R. 11 W. detected.

Sec. 36. T. 13 Au, Ag.
N., R. 11 W. UsOg.

Sec. 11, T. 12 Au,Ag,
N., R. 11 W. U3Og,

MnO2.

Sec. 11, T. 12 Au,Th,
N., R. 10 W. Ba.

Sees. 22. 26, U3Og----
35. and 36, T.
12 N., R. 13
W.

Sees. 5-7, T. 11 MnO2
N., R. 12 W. UjOg'.

Sec. 21, T. 11 MnOj
N., R. 11 W. U30g*.

Sec. 9, T. 11 N., U3Og----
R. 10 W.

Description of setting

Samples from several
quartz veins and faults
that strike NW to NE in
dioritc, granite, diabase,
gneiss, and schist.
Samples taken at the
State mine (108-114),
which is patented,
contained anomalously
high Th.

Fault and shear zones in
granite and gneiss locally
containing quartz veins
and abundant gouge
material; limonite and
hematite.

Northwest-striking quartz
veins not traceable
beyond workings, but
some samples may be on
same vein. Veins are 4
in. to 35 in. wide and
locally contain minor
pyrite, hematite, and
limonite. Country rock
is granite that is altered
locally.

Faults and quartz veins
strike NE and NW in
granite. Several
prospects are in a breccia
zone having no
measurable attitude.

Faults and quartz veins in
gneiss. Subeconomic
resources of 340 tons ore
averaging 0.372 oz
goldA.

Quartz stringers in
fractured and jointed
granite; hematite.

. Limonite and hematite
along fault in fractured
and altered granite gouge
and quartz.

Quartz veins in fractured
and altered granite and
gneiss; abundant
hematite.

Pegmatite dike in gneiss,
minor copper in gneiss
outcrop.

Strata bound disseminated
U3Og in sandstone and
siltstone; sparse
camotite(?).

Mn(>2 veins in boulder
conglomerate and
volcanic breccia along
fault Abundant
manganite(7),
prilomelane(?), and
calcite.

Strata bound, vein in red
to brown conglomeratic
sandstone; calcite.

Strata bound, pink to red
fractured siltstone and
sandstone; sparse
camotite.

Workings

7 pits, 7 adits. 1
shaft.

3 adits, 4 prospect
pits; inactive.

14 pits. 1 trench.
2 shafts, 1 adit.

11 pits, 2 adits - -

3 shafts, 3 adits,
3 pits.

Inactive ------

Inactive shaft - -

Shaft and 3
prospect pits;
inactive.

2 trenches - - - - -

8 prospect pits - -

2 mines. 5 adits,
2 prospect pits;
inactive.

Inactive mine - -

Inactive mine - -

Sample data

Highest Th concentration,
0.336%, from leached
material coating the mine
walls.

U3Og content between 1.4
ppm and 9.2 ppm; 4
samples contain more
than 0.1 ozA gold (0.25.
0.17, 0.11, 0.17).

Highest Au content is 1.03
oz/t, and lowest is 14
ppb. 14 samples
contain significant Au;
13 contain Au in excess
of 0.1 ozA.

Three samples contain Au
in excess of 0.1 ozA;
highest is 0.314 ozA.

Au, 70 ppb to 0.776 ozA.

All samples contain 1.8
ppm U3Og.

Au content between trace
and 1.6 ozA; highest Ag
content 0.4 oz/t

Au content between trace
and 0.41 ozA; Ag content
between 0.1 and 0.3 ozA.

Samples contain 0.3 oz/t
and ISO ppb Au, 31 ppm
Th, and 1,300 ppm Ba.

U3Og content between 7.2
and 123.9 ppm.

U3Og content between
0.63 and 10.38 ppm;
MnC>2 content between
0.04 and 26.9%.

Disseminated MnO2; 10.2
and 16.2% MnO*

1.298 to 2.419 ppm
UjOg.
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Identified reserves of 520 tons of rock averaging 6.05 
percent manganese are estimated in a vein in an unnamed 
adit (Lane, 1985, fig. 3); another adit in the area is esti­ 
mated to contain about 300 tons of identified reserves 
averaging 16.2 percent manganese. An accurate average 
grade could not be determined because of insufficient 
access for sampling but is probably less than 10 percent 
manganese.

Uranium

Detectable uranium exists in all samples taken during 
the field investigation. The highest uranium content of 
samples from within the study area is 13 parts per million 
(ppm); the average is 3.4 ppm. The highest uranium con­ 
tent in all the samples is 2,419 ppm in a sample from near 
the Anderson mine (Lane, 1985, 1988).

Geologic cross sections from sparse holes drilled along 
the west boundary near Artillery Peak by Jacquays Mining 
Corp., in the 1950's(?), were obtained from the Arizona 
Department of Mineral Resources in Phoenix. Using these 
data and analytical results, three tonnage and grade esti­ 
mates of identified uranium resources containing uranium 
oxide (U3Og) were calculated: 90,000 tons of material 
averaging between 0.01 and 0.05 percent; 20,000 tons be­ 
tween 0.05 and 0.1 percent; and 30,000 tons greater than 
0.1 percent (Lane, 1985). The accuracy of these estimates 
is not known because the data are incomplete. Uranium 
resources were identified only in the Artillery Peak area 
(fig. 2, pi. 1, No. 10). The uranium-bearing Anderson Mine 
Member of the Chapin Wash Formation occurs in the 
southern pan of the study area, but subsurface sampling 
would be needed to define accurately any resources that 
may exist there.

According to Mueller and Halbach (1983), the Ander­ 
son mine is in the Chapin Wash Formation; however, 
Sherbome and others (1979) describe the mine as being in 
the Anderson Mine unit, which intertongues with other 
parts of the Chapin Wash Formation. Uranium contents at 
the Anderson mine range from 0.03 to 0.1 percent U3O8 and 
average about 0.07 percent

Gold and Silver

Gold, in excess of trace amounts, was detected in 18 
samples taken within the study area (Lane, 1985, 1988). 
The gold content of the samples is between 0.002 and 0.766 
oz per ton. The average gold content of all the samples is 
0.16 oz per ton.

Gold was detected (0.002 to 0.776 oz per ton) in all 
samples taken at workings in sec. 3, T. 12 N., R. 13 W. 
(fig. 2, pi. 1, No. 5). The workings expose quartz veins and 
associated faults in gneiss. An indicated subeconomic 
resource of 340 tons averaging 0.372 oz gold per ton occurs 
in the western part of the study area. Additional resources

may exist, but their determination would require subsurface 
sampling.

Silver was detected in 15 samples taken within the 
wilderness study area (Lane, 1985, 1988). The highest 
silver content in samples from the study area is 0.4 oz per 
ton; the average value is 0.2 oz per ton.

Gold- and silver-bearing faults and veins at the Button 
claims group (fig. 2, pi. 1, No. 8) are in Proterozoic granite; 
resources could not be calculated because the structures are 
not visible on the surface and could not be traced beyond 
the workings.

Sand and Gravel

The wilderness study area contains abundant sand and 
gravel in dry washes and river beds. The two largest and 
most accessible deposits are along the Big Sandy and Santa 
Maria Rivers. Such deposits are typical of desert environ­ 
ments and can be found outside the wilderness study area 
in abundance and closer to markets. This material is not 
likely to be developed.

Oil and Gas

The wilderness study area is covered with oil and gas 
leases and lease applications; however, no evidence was 
found to indicate the presence of oil and gas. At the time 
of this investigation, no oil and gas exploration had taken 
place in or near the study area. Ryder (1983) rated hydro­ 
carbon potential as low to zero because the area is under­ 
lain by gneiss, granite, and schist.

Conclusions

Manganese, uranium, and gold are present in samples 
taken from parts of the Arrastra Mountain/Peoples Canyon 
Wilderness Study Area near regions known to have pro­ 
duced these commodities. Manganese was found in veins, 
faults, conglomerate, and sandstone in the southwestern 
pan of the study area near the confluence of the Santa 
Maria and Big Sandy Rivers. The wilderness study area is 
estimated to have about 820 tons of identified resources of 
low-grade manganese-bearing rock.

Uranium was detected in all samples taken; however, 
the grade is considered too low for mining at current prices. 
A minimum identified resource of 140,000 tons containing 
from at least 0.01 to more than 0.1 percent U3Og was esti­ 
mated. Additional uranium resources may exist in the 
southeastern pan of the study area near the Anderson mine, 
where uranium-bearing host rocks are known to exist. 
Subsurface sampling would be needed to determine any 
additional uranium resources.

An indicated subeconomic resource of about 340 tons 
averaging 0.372 oz gold per ton occurs in the western part
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of the study area, and additional resources may exist. Gold 
occurs at the Button claims group in the northeastern part 
of the study area, but resources could not be calculated 
because of poor exposures.

Sand and gravel deposits in the wilderness study area 
are typical of the desert southwest and can be found in 
abundance outside the study area.

Oil and gas leases cover the wilderness study area, but 
the study area has been rated low to zero for hydrocarbon 
potential because the area is underlain by gneiss, granite, 
and schist.

ASSESSMENT OF MINERAL RESOURCE 
POTENTIAL

By Floyd Gray, Robert J. Miller, James A. Pitkin, 
William C. Bagby, Jerry R. Hassemer, J. Howard McCarthy, 
William F. Hanna, and Mary Lou Conant Callas 
U.S. Geological Survey

Geology

Rock Units

The Arrastra Mountain/Peoples Canyon Wilderness 
Study Area is underlain by Early Proterozoic plutonic and 
metamorphic rocks intruded by Early and Middle 
Proterozoic and Cretaceous or Tertiary plutonic rocks (pi. 
1, fig. 2). These older rocks are overlain unconformably by 
lower to middle Tertiary volcanic and sedimentary rocks 
that were deposited in structural basins.

The oldest rocks in the study area are Early Proterozoic 
schists and gneisses. As described by Bryant (1988), the 
oldest of these rocks are dark-greenish-gray to black, fine­ 
grained biotite-hornblende-plagioclase schist and gneiss 
and plagioclase porphyroblastic gneiss. They contain 
numerous intrusions and have gradational contacts with 
adjacent units. A migmatitic gneiss and schist unit in the 
north-central part of the study area includes biotite-plagio- 
clase schist and gneiss, biotite-quartz-plagioclase schist, 
amphibolite schist, and, less commonly, muscovite-gamet- 
biotite schist and gneiss. The plagioclase-quartz schist and 
gneiss in the eastern part of the area contain variable pro­ 
portions of biotite, muscovite, and garnet and locally in­ 
clude sillimanite. ranging from individual fibers to aggre­ 
gates as much as 8 cm long. The map unit has a complex 
contact with later Early Proterozoic intrusions and has a 
sharp contact along the east side of the Middle Proterozoic 
coarse-grained Signal Granite batholith.

The most aerially extensive Early Proterozoic rock unit 
in the study area is a pluton consisting of hornblende-bi­ 
otite and biotite quartz monzonite, granodiorite, monzonite, 
and granite. The rock is equigranular to porphyritic, having 
potassium feldspar phenocrysts commonly 1 to 2 cm across

but locally as much as 4 cm across. Foliation is well 
developed to absent The pluton contains scattered inclu­ 
sions of metamorphic rock, migmatite, and mafic phases. 
Inclusions are numerous near contacts with metamorphic 
rocks. Granodiorite is the dominant rock type in the pluton, 
except in the southern part of the map unit where quartz 
monzonite and granite dominate. Zircon from a gneissic 
granbdioritic part of the pluton give a uranium-lead (U-Pb) 
age of 1,706±2.8 Ma (J.L. Wooden, written common., 
1987). Rocks of this unit are locally intruded by fine- to 
medium-grained biotite granite and quartz monzonite and 
muscovite-biotite quartz monzonite and granodiorite. The 
granodiorite has an age of 1,688±14 Ma determined from 
U-Pb data on zircon (J.L. Wooden, written commun., 
1987).

Fine- to medium-grained leucocratic granite, biotite 
granite, quartz monzonite, and minor granodiorite of Early 
and (or) Middle Proterozoic age cut Early Proterozoic 
rocks; some of them contain inclusions of metamorphic 
rocks. These rocks crop out as a variety of small, irregular 
intrusive bodies.

The older Middle Proterozoic rocks crop out princi­ 
pally in the eastern part of the area (pi. 1) and consist of 
porphyritic quartz monzonite and of coarse-grained biotite 
quartz monzonite, granite, and granodiorite containing 
potassium feldspar crystals as much as 6 cm long. Textures 
range from equigranular to porphyritic. Samples of these 
units give a minimum U-Pb age of 1,416.2±2.4 Ma (J.L. 
Wooden, written commun., 1987).

The Middle Proterozoic Signal Granite, emplaced 
coevally with a porphyritic hornblende-biotite and augite- 
homblende granodiorite and diorite, is the most extensive 
unit in the western part of the study area. It consists of 
coarse-grained quartz monzonite and granodiorite contain­ 
ing potassium feldspar crystals as much as 6 cm across, 
plagioclase and quartz as much as 1 cm across, and biotite 
and hornblende as much as 0.5 cm long and in aggregates 
as long as 1 cm. Only part of the granodiorite is porphy­ 
ritic. Flow foliation is shown by aligned potassium feld­ 
spar crystals. Scattered inclusions in the Signal Granite 
consist of mafic granodiorite, hornblende-biotite gneiss, 
and gabbro. The Signal Granite has yielded U-Pb ages of 
1,409.6±2.5 and 1,410±3 Ma (J.L. Wooden, written com­ 
mun., 1988). Granite similar to the Signal Granite but 
having smaller feldspar phenocrysts intrudes Early 
Proterozoic metamorphic rocks in north-central part of the 
study area.

Middle Proterozoic diabase intrusive rocks thought to 
have an age of about 1,200 Ma are ubiquitous in the region 
and consist of hornblende, plagioclase, and subordinate 
pyroxene. The diabase forms dikes and sills ranging from 
1 cm to a few tens of meters thick.

Unmapped Middle(?) Proterozoic pegmatite bodies 
intrude all the crystalline rocks except the diabase. They 
may be the same age as the diabase. Large sill-like bodies
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of pegmatite are exposed in the eastern part of the study 
area.

In the southeastern part of the study area is a group of 
rocks originally mapped as fine- to medium-grained por- 
phyritic granite and minor diorite (Wilson and others, 
1969). Recent studies by J.K. Otton (oral commun., 1989) 
indicate the rocks are rhyodacitic flow domes of Tertiary 
age (23 to 19 Ma).

Tertiary rocks that unconformably overlie the 
Proterozoic basement complex were deposited principally 
in the northwest-striking Artillery Peak-Date Creek basin, 
most of which is southwest and south of the study area (fig. 
3). The oldest Tertiary rocks in the study area are in an un- 
differenu'ated unit consisting of arkosic sandstone at the 
base and conglomerate, silicic tuffs, volcanic breccia, ash- 
flow tuff, rhyolite, and andesitic to dacitic agglomerates 
and flows exposed in fault blocks on the south flank of the 
Poachie Range (Otton, 1982b and unpub. mapping). Feld­ 
spar detritus and lithic fragments of granitic composition 
within the basal beds were derived from the underlying 
porphyritic quartz monzonites. The unit is locally hydro- 
thermally altered.

The overlying lower part of the Artillery Formation 
consists of a basal arkosic sandstone that locally contains 
conglomerate. The unit includes andesitic to rhyolitic 
agglomerate and flows with interbedded alkaline basalts

and basaltic andesites. The upper part of the Artillery 
Formation consists of a lower limestone and siltstone, a 
sandstone and conglomerate, an upper limestone and shale 
(with silicic flows), and a boulder conglomerate; minor 
basaltic andesite flows are also interbedded with clastic 
rocks (Lasky and Webber, 1949; J.K. Otton, unpub. map­ 
ping). In the western and southern parts of the study area, 
thick fanglomerate and fluvial and lacustrine sedimentary 
deposits are interlayered with silicic flows, tuffs, and pyro- 
clastic debris of the overlying Chapin Wash Formation 
(Shackleford, 1977).

The Chapin Wash Formation consists of a basal vol­ 
canic section with overlying calcareous boulder conglomer­ 
ate, sandy conglomerate, agd conglomeratic sandstone. 
Finer grained sedimentary rock within this unit was depos­ 
ited in an alluvial-fan and lake setting (fig. 3); finer grained 
facies are normally more tuffaceous.

Biotite-homblende phyric silicic intrusive rocks in­ 
trude older rocks in the western part of the study area on 
and near Artillery Peak. Silicic, biotite-bearing flows, 
breccias, and plugs of rhyodacite occur in the northeastern 
part of the study area.

Gently southwest-dipping sandstones and sandy con­ 
glomerates and overlying olivine basalts are generally 
found in topographically high positions in the northern part 
of the study area.
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Gravel and sand of Tertiary and (or) Quaternary age 
that formed during an earlier stage of the modem drainage 
are found along some stream courses above Quaternary 
sand and gravel in the modern stream beds.

Structural Geology

The structure of the region is complex due to faulting 
that possibly is as old as Early Proterozoic. Major 
Proterozoic faults in western Arizona, which may represent 
sutures between possible terranes that were accreted to the 
North American craton in Early Proterozoic time (Conway 
and Karlstrom, 1986), were not identified in the Arrastra 
Mountains/Peoples Canyon Wilderness Study Area.

Otton (198 la, 1982b) has shown that tilting along 
north-northwest-trending listric normal faults occurred at 
least twice in Tertiary rocks in the western and southern 
parts of the study area. The earlier deformation generated 
fault blocks of variable sizes in which basal units dip as 
much as 70°. Higher parts of the sections have shallower 
dips. Many of the listric faults probably resulted from 
major crustal extension. Later listric faulting tilted the 
sedimentary rocks more gently. Younger volcanic rocks 
are not tilted and follow modern drainages.

Northeast-trending high-angle faults and shear zones, 
presumed to be of late Tertiary age, cut the Proterozoic 
granitic rocks in the north-central part of the area. Some of 
these faults drop Tertiary rocks down against Proterozoic 
rocks. Faults having similar orientation occur in the rocks 
of the McLendon volcano area located several miles south­ 
east of the study area (Brooks, 1984, 1985).

Brecciation and Alteration

Brecciated and intensely altered Proterozoic rocks 
occur along the Tertiary faults and shear zones in the 
Poachie Range in the north-central part of the study area. 
These zones served as conduits for circulating hydrother- 
mal fluids. The most intensely altered rock is found in fault 
and shear zones that contain 3 to 15 ft of gouge. This rock 
is surrounded by intensely argillically altered, variably 
limonite-stained breccia. The outer part of this altered zone 
is characterized by irregular propylitically and argillically 
altered rock. A network of late-stage limonite-jarosite 
veins is present locally, as are less common quartz and 
calcite veins.

Geophysics

Gravity and Aeromagnetic Data

The Arrastra Mountain/Peoples Canyon Wilderness 
Study Area is included in regional gravity surveys (Wynn 
and Otton, 1978; Wynn and others, 1978; Lysonski and 
others, 1980a, b; Aiken and others, 1981) and regional

magnetic surveys (Sauck and Sumner, 1970 [1971]); Aero 
Service Division, Western Geophysical Company of Amer­ 
ica, 1979) that have sufficient detail to define anomalies of 
a few square kilometers or larger. Contours of complete 
(terrain-corrected) Bouguer gravity anomalies are defined 
by about 20 observation points, some inside but most 
immediately outside the study area boundary. Contours of 
total magnetic intensity anomalies are defined by six tra­ 
verses flown 2.75 km (9,000 ft) above sea level and 16 
traverses flown 122 m (400 ft) above the terrain. The 
magnetic data are shown as a reduced-to-pole anomaly 
map, which represents the original anomaly data corrected 
for Earth's field inclination in such a way that anomalies 
associated with rocks having normally polarized total 
magnetization are superposed directly over their source 
rocks, somewhat the same way a gravity anomaly is super­ 
posed directly over its source.

On the basis of rock magnetic investigations elsewhere 
in central and southern Arizona, lithologies exposed in the 
study area can be expected to have a variety of contrasting 
magnetic properties, both in a remanent magnetization 
commonly measured in paleomagnetic studies (Calderone 
and Butler, 1984) and in induced magnetization or mag­ 
netic susceptibility studies (Klein and Wynn, 1984). On 
the basis of studies of magnetic anomalies and comparisons 
with seismic P-wave velocities, the base of the magnetic 
crust, interpreted as the position of the Curie point isotherm 
corresponding to titanomagnetite-bearing igneous rocks, 
has been estimated by Byerly and Stolt (1977) to be about 
10 km below sea level in the vicinity of the wilderness 
study area Most regional magnetic anomalies (areally 
broad and high in amplitude) appear to have total magneti­ 
zations (sum of remanent and induced magnetizations) that 
are normal; that 4s, they have the same polarity and ap­ 
proximate direction of the ambient geomagnetic field, 
considering that polarization lows commonly occur north­ 
ward of the magnetic highs.

.The gravity anomaly map (fig. 4A) shows that two 
lobed highs transect the study area, one having a northeast­ 
erly strike in the center of the area and the other having a 
northerly strike at the western extremity of the area. These 
lobes are inferred to be caused by subsurface occurrences 
of metamorphic and associated intrusive rocks that have 
higher density than laterally adjacent terrane, some of 
which contains alluvium. Contrary to expectations, the 
gneissic terrane mapped in the eastern part of the study area 
does not appear to have an average density greater than that 
of the Signal Granite mapped in the western pan of the 
area.

The magnetic anomaly map (fig. 4£) shows four sig­ 
nificant groupings of highs: one each near the northwest, 
north-central, and southeast margins of the study area, and 
one in the south-central part of the area. These anomalies 
obliquely cross many mapped rocks presumed to be 
magnetic, and therefore they partly represent hidden
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sources that may be related to the mapped rocks. The fact 
that more than half of the mapped basalt produces no high- 
amplitude anomalies suggests thicknesses of less than 30 ft 
if these basalts are not pervasively weathered.

The most significant geophysical features are outlined 
by regions shown in figure 4C. Outlines of regions I, II, 
III, and IV are gradient crest lines representing the maxi- 
mums of magnitude of horizontal gradients of pseudograv- 
ity anomalies derived by a mathematical transformation of 
a coarsely gridded set of the original magnetic anomaly 
data. These crest lines tend to broadly outline the horizon­ 
tal boundaries of magnetic source rocks if their upper edges 
are steeply dipping. Region V is outlined on the basis of 
gravity anomaly contours.

Region I is inferred to be underlain by magnetic basalts 
and by a magnetic phase of the underlying Middle 
Proterozoic Signal Granite, perhaps a quartz monzonitic or 
dioritic phase. On the basis of magnetic modeling, some 
basalts may have thicknesses exceeding 80 ft in this region. 
Region II likewise appears to be underlain by small vol­ 
umes of magnetic basalts and some magnetic parts of the 
Early Proterozoic granite, in addition to older Tertiary 
volcanic rocks of unknown magnetization. The granite 
appears to extend in the subsurface a few miles north of its 
mapped contact, intruding a small area of gneiss and schist 
Region III is enigmatic in that a northeast-striking high 
transects several mapped lithologies. The most plausible 
explanation is that the region is underlain by thick se­ 
quences of the older Tertiary volcanic rocks, perhaps more 
than 300 ft thick, or by subsurface mafic feeders connected 
to these rocks exposed at the surface. Region IV is repre­ 
sented by a diverse assemblage of intrusive rocks; perhaps 
a magnetic phase of Proterozoic granitic rocks is far more 
extensive in the subsurface than at the surface. Scattered 
dikes and sills of rhyodacitic rocks do not appear to be 
significant anomaly producers. Region V is relatively quiet 
magnetically and appears to be underlain by a nonmagnetic 
phase of the Signal Granite and perhaps by other metamor- 
phic rocks of high density. Basalt exposures in this region 
are notably thin, weathered, or both.

Aerial Gamma-Ray Spectrometry

Aerial gamma-ray spectrometry data for the Arrastra 
Mountain/Peoples Canyon Wilderness Study Area includes 
Department of Energy (DOE) National Uranium Resource 
Evaluation (NURE) surveys of the Prescott 1° by 2° quad­ 
rangle (Aero Service Division, Western Geophysical 
Company of America, 1979; May and others, 1982) and of 
a smaller area centered at the Anderson mine (High Life 
Helicopters, Inc./QEB, Inc., 1983), just southeast of the 
study area. The survey of the Prescott quadrangle acquired 
aerial gamma-ray data along east-west flightlines spaced I 
mi apart at a nominal altitude of 400 ft above ground level; 
the smaller survey acquired data along east-west flight lines

spaced one-quarter mile apart and 400 ft above ground 
level. An aerial gamma-ray system at 400 ft above ground 
level effectively detects terrestrial gamma radiation from a 
swath 800 ft wide along the flightline. Aerial gamma-ray 
measurements represent the near surface (<50cm) distribu­ 
tion of the natural radioelements potassium (K), uranium 
(eU), and thorium (eTh). The "e" prefix, for equivalent, 
denotes the potential for disequilibrium in the uranium and 
thorium decay series.

The preliminary eU (fig. 5A) and eTh (fig. SB) maps of 
Arizona were derived from a database made from NURE 
aerial gamma-ray data for all 23 of the 1° by 2° quad­ 
rangles that include Arizona. The maps show clear distinc­ 
tion between the relatively low radioactivity of the sedi­ 
mentary rocks of the Colorado Plateau province and the 
variably low to high radioactivity of the igneous and meta- 
morphic rocks that commonly occur in the Basin and 
Range province. The Prescott quadrangle (outlined on fig. 
5) contains areas of relatively higher concentrations or 
anomalies of eU and especially eTh. A significant number 
of these anomalous areas occur within the Arrastra Moun­ 
tain/Peoples Canyon Wilderness Study Area.

These anomalous features are shown in more detail in 
the eU (fig. 6A) and eTh (fig. 6fl) contour maps of the 
study area, derived from NURE data for the Prescott 
quadrangle (Aero Service Division, Western Geophysical 
Company of America, 1979). The study area is character­ 
ized by radioelement concentrations of 1 to 12 ppm eU, 5 
to 125 ppm eTh, and 1 to 3.5 percent K (not shown). The 
highest values for both eU and eTh (as well as K) occur in 
the northern and western parts of the study area (fig. 6), 
which are underlain by the Middle Proterozoic Signal 
Granite and the Artillery Formation of Tertiary age. The 
eTh concentrations are clearly anomalous for the 
Proterozoic crystalline rocks, Tertiary sedimentary and 
volcanic rocks, and Quaternary materials that are present in 
the study area.

Side-Looking Airborne Radar (SLAR)

X-band (3.1 cm) side-looking airborne radar (SLAR) 
data were acquired in October 1984 in a north-south flight 
direction looking east Approximately 14 SLAR image 
swaths were manually mosaicked to produce a 1:250,000- 
scale image mosaic (Conway and others, 1987, pi. 30) that 
includes the Arrastra Mountain/Peoples Canyon Wilderness 
Study Area. Near-range data of approximately 27° depres­ 
sion angle were interpreted by using photogeologic tech­ 
niques for structural fabric and major tectonic elements. In 
addition, stereoscopic Landsat thematic mapper (TM) im­ 
ages covering part of the Prescott 1° by 2° quadrangle were 
analyzed for structure to complement the SLAR interpreta­ 
tion.

SLAR image data produce the highest possible resolu­ 
tion, synoptic map base for physiographic and structural
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Figure 4. Geophysical anomaly maps of region including Arrastra Mountain/Peoples Canyon Wilderness Study Area (bold 
outline). Hachures indicate closed areas of lower values. A, Bouguer gravity anomaly map; contour interval 2 milligals. 
Dots represent gravity observation points. B, Reduced-to-pole magnetic anomaly map; contour interval 100 nanoteslas. 
Dotted lines represent flightlines. C, Regions of geophysical significance discussed in text
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information within the wilderness study area. The resulting 
map produced from the SLAR and Landsat TM images (not 
shown) shows several northwest-trending major lineaments 
that correspond to known structures. Parallel linear frac­ 
tures (minor lineaments) typically accompany the major 
structures. At least one major east-northeast-trending linea­ 
ment exists in the study area. En echelon and subparallel 
structures accompany it. In addition, a large circular or 
half-circular feature transects the study area (Robert Harri- 
son, oral commun., 1988). Intersections of linear structures 
and the curvilinear feature occur in the western and north- 
em parts of the area and correspond to known mineralized 
districts and geochemical anomalies.

Geochemistry

From 1984 through 1987, the U.S. Geological Survey 
collected stream-sediment samples from 230 sites within 
and near the Arrastra Mountain/Peoples Canyon Wilder­ 
ness Study Area; 209 panned, nonmagnetic heavy-mineral 
concentrates and 84 raw panned heavy-mineral concen­ 
trates were prepared from portions of those samples.

The stream-sediment samples were collected from 
active alluvium in the stream channels. Each sample was 
composited from several localities along a channel length 
of approximately 50 ft. The stream sediments were sieved 
through an 80-mesh screen and pulverized to a fine powder 
before analysis. To prepare a heavy-mineral concentrate, 
stream sediment was seived through a 10-mesh screen and 
then panned until most of the quartz, feldspar, clay-sized 
material, and organic matter were removed. The remaining 
minerals of low density were removed with a heavy liquid 
(bromoform, specific gravity 2.8). The sample was then 
separated into magnetic, slightly magnetic, and nonmag­ 
netic fractions by use of an electromagnet The nonmag­ 
netic fraction of the concentrates was ground to a fine 
powder and analyzed.

Samples were analyzed for 31 elements using a six- 
step semiquantitative emission-spectrographic method 
(Grimes and Marranzino, 1968); samples were analyzed for
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gold by an atomic-absorption method (Thompson and oth­ 
ers, 1968) and for uranium and thorium by the delayed 
neutron-counting method of Millard (1976). In this report,
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Figure 4. Continued.

Figure 5. Preliminary gray-scale contour maps of eU (A) and 
eTh (B) distribution in Arizona. Derived from gamma-ray 
spectrometry data. Arrastra Mountain/Peoples Canyon Wil­ 
derness Study Area, in southwest part of Prescott 1° X 2° 
quadrangle (bold rectangle), is outlined on A.
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Figure 6. Contour maps of uranium and thorium distribution in Arrastra Mountain/Peoples Canyon Wilderness Study 
Area, Arizona (bold outline); derived from gamma-ray spectrometry data. Hachures indicate closed areas of lower val­ 
ues. A, Uranium contours, intervals 1 and 2 parts per million (ppm) eU. 8, Thorium contours, intervals 5, 10, and 25 
ppm eTh.
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the geochemical interpretation is based on analytical data 
from heavy-mineral-concentrate, stream-sediment, and 
whole-rock samples. Of the 31 elements for which the 
samples were analyzed, 17 are indicative of possible hy- 
drothermal alteration and (or) mineralization.

Anomalous geochemical areas within this study area 
were determined by inspection of histograms, percentiles, 
and enrichment of elements in the samples relative to the 
average crustal abundance. Most often these anomalies 
reflect known mining activity, but in some instances they 
indicate the location of undisclosed or previously unrecog­ 
nized metal concentrations. In general, the higher the 
analytical values from a sampling site, the more significant 
that site (or drainage basin) is in terms of mineral potential. 
In addition, sites characterized by suites of anomalous 
elements are considered to be more significant than sites 
characterized by a single-element anomaly.

Results of the geochemical survey for the Arrastra 
Mountain/Peoples Canyon Wilderness Study Area are 
suggestive of a number of deposit types including (1) dis­ 
seminated uranium-thorium in metalliferous granite, (2) 
gold in fault or shear zones and associated brecciated and 
veined granitic rocks, (3) tin- and rare-earth-element

(REE)-bearing veins and associated tungsten-bearing veins 
and pegmatites, (4) gold-silver quartz veins, (5) sediment- 
hosted manganese deposits, (6) sediment-hosted uranium 
deposits, and (7) epithermal base- and precious-metal 
veins.

Stream-sediment samples from area A (fig. 7; table 2) 
show a close association of anomalous concentrations of 
uranium and thorium. Some panned-concentrate samples 
from the area also contain anomalous concentrations of 
molybdenum, barium, and gold. Area A encompasses 
much of the Signal Granite, where stream-sediment 
samples containing more than 250 ppm Th constitute more 
than 12 percent of the 157 samples taken in the study area 
(table 2). Geochemical data from the area fit some of the 
geochemical criteria for disseminated uranium-thorium 
deposits.

Raw panned-concentrate samples from area B contain 
anomalous concentrations of gold. A concentrate sample 
from a basin just inside the northwestern pan of the area 
contains 200 ppm gold. Most of the samples from this 
area, however, contain between 0.10 and 7.1 ppm gold. 
Although possible associated elements arsenic (As), anti­ 
mony (Sb), mercury (Hg), and cadmium (Cd) are not re-
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Elements in anomalous Concentrations (Elements in parentheses have anomalous amounts in only a few samples)
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Figure 7. Geochemically anomalous areas of Arrastra Mountain/ Peoples Canyon Wilderness Study Area, Arizona. Lettered 
areas discussed in text.
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Table 2. Statistical summary of stream-sediment analyses for thorium and uranium in U.S. Geo­ 
logical Survey samples from the Arrastra Mountain/Peoples Canyon Wilderness Study Area, Arizona

Samples in value groups Analytical values (ppm)

Value groups 
(ppm)

Frequency 
number

Cumulative 
number

Percentage 
of samples

High Low Average No. of deviant1 
samples

Thorium

>250
100-250
50-99
<50

20
23
38
76

20
43
81

157

12.7
14.6
24.2
48.4

754
240
90.9
48.9

254
103
50.4

6.4

428.7
154.7
71.0
34.5

9/11
8/1

21/17
29/47

Uranium

>25
10-25
5-10

<5

25
85
39

8

25
110
149
157

15.9
54.1
24.8

5.1

62.5
24.8

9.58
4.5

25.3
11.0
5.04
2.00

38.8
16.8
7.4
3.6

9/16
42/43
22/17

5/3

'Numerator denotes number of samples above the average value; denominator denotes number below the 
average value.

ported here for the panned concentrate data, localized areas 
of quartz veins, gouge zones, and stockwork limonite veins 
indicate that mineralization has taken place. Information 
gathered from stream-sediment data suggest that concentra­ 
tions of gold-associated elements are very low and near the 
detection limit by the atomic absorption method; therefore, 
these elements do not serve as good path-finder elements 
for gold in this area. Several composite chip samples also 
confirm that concentrations of As (4-12 ppm), Sb (4-12 
ppm), Hg (0.02-0.08 ppm), and Cd (0.3-0.4) are character­ 
istically low.

Panned-concentrate samples from area C contain 
anomalous concentrations of tungsten, bismuth, molybde­ 
num, lanthanum, niobium, tin, and thorium. This area is 
underlain by Proterozoic gneiss, schist, and minor quartz 
monzonite; pegmatite dikes, aplite dikes, and quartz veins 
are common. One panned-concentrate sample contains an 
anomalous concentration of gold (52 ppm). The associa­ 
tion of tungsten, bismuth, and molybdenum suggests the 
possibility of tungsten-bearing veins such as those that 
occur in the Boriana mining district several miles to the 
north. The association of lanthanum, niobium, tin, and 
thorium in the panned concentrates reflects the presence of 
known pegmatites in the area.

Panned-concentrate samples from area D contain 
anomalous amounts of barium, molybdenum, uranium, 
lead, zinc, and silver. Several raw panned-concentrate 
samples contain anomalous amounts of gold. Area D 
encompasses numerous claims that consist of epithermal 
manganese and sediment-hosted uranium in sandstone and 
lacustrine deposits. Geochemical data from area D also fit 
the geochemical criteria for undiscovered polymetallic 
epithermal-vein deposits.

MINERAL AND ENERGY RESOURCES

Investigations by the U.S. Geological Survey and the 
U.S. Bureau Mines indicate that the Arrastra Mountain/ 
Peoples Canyon Wilderness Study Area has identified or 
inferred subeconomic resources of three elements and high 
to low mineral resource potential for 13 types of deposits; 
certainty levels range from B to D (table 3).

Two workings in the southwestern part of the study 
area have identified manganese resources in the Artillery 
Formation: one has approximately 520 tons of rock aver­ 
aging 6.05 percent manganese, and the other has an esti­ 
mated 300 tons of ore averaging 16.2 percent manganese. 
An accurate average grade could not be determined but is 
probably less than 10 percent manganese.

Analytical data, with the aid of cross sections drawn 
through drill holes located along the west boundary of the 
study area, indicate that identified uranium resources near 
Artillery Peak may consist of 90,000 tons of rock averaging 
between 0.01 and 0.05 percent uranium oxide (U3O8), 
20,000 tons averaging between 0.05 and 0.1 percent U308, 
and 30,000 tons having more than 0.1 percent U3O8. The 
Anderson uranium mine, approximately 1.5 mi southeast of 
the wilderness study area, has extensive surface excava­ 
tions in pan of the Chapin Wash Formation. Between 1955 
and 1959, about 33,230 pounds of U3O8 was produced from 
10,758 tons of ore with an average grade of 0.15 percent. 
Recent studies have shown that ore-bearing horizons are 
more extensive than previously recognized.

Several occurrences of gold and silver were examined 
within the study area. An inferred subeconomic resource of 
about 340 tons averaging 0.372 oz gold per ton was iden­ 
tified in the western pan of the study area.
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Table 3. Deposit types, commodities, and mineral resource potential in the Arrastra Mountain/Peoples Canyon Wilderness 
Study Area, Arizona

[Commodities listed in order of prominence; those in parentheses are minor. Ag, silver; Au, gold; Bi, bismuth; Ce, cesium; Cu, copper, La, lanthanum; 
Mn, manganese; Nb, niobium; Pb, lead; Pr, praseodymium; REE, rare-earth elements; Th, thorium; U, uranium; W, tungsten; Zn, zinc. Resource 
potential: H, high; L, low; M, moderate; N, none. Level of certainty: B, data only suggest level; C, data give good indication of level; D, data clearly 
define level]

Deposit 
type

Host lithology 
and age

Area of map 
(pi. 1; fig. 2)

Commodity(s) Resource 
potential

Level of 
certainty

Metallic commodities

Epithermal manganese

Polymetallic epithermal 
veins.

Lacustrine uranium-

Disseminated rare- 
earth elements.

Disseminated uranium 
and thorium.

Shear- or fault- 
controlled, 
disseminated gold.

Pegmatite- --------

Volcanogenic massive 
sulfides.

Vein tungsten

Tertiary sandstone, 
minor volcaniclastic 
tuff.

Tertiary sedimentary and 
volcanic rocks.

Tertiary fluvial and 
lacustrine carbonaceous 
sedimentary rocks.

Early and Middle 
Proterozoic granites

Proterozoic granites:

Early and Middle-

Early and Middle 
Proterozoic granites.

Veins in Early and Middle 
Proterozoic granites.

Early Proterozoic 
intrusive rocks.

Pegmatite veins in 
Proterozoic gneiss 
and schist.

Small southwest 
area.

QrviitYiu/Aot

Southwest, 
southeast. 

South ---------

North and 
east-central.

North border- - - - -

Fact

Fact - - - -

Fact

Mn -----------

Ag, Au, Pb, Zn - - - - 

U----- ------ -

U------------

Ce, La, Nb, Pr (Th)- -

U Tl.

U rrn

Au f AeV --------/\u V**S^

REE, quartz, 
feldspar.

Cu, Pb, Zn -------

W ro:\(01) ---------

H---

M---

H--- 

L--- 

L---

L--- 

L- -- 

H, M -

M--- 

L--- 

M---

- D

- B

- D 

D 

C

C 

B 

- C

- C 

- C 

- C

Other commodities

Zeolite minerals, 
clays, and gypsum.

Geothermal energy 

Coal- -----------

Alluvial valleys, buried 
Tertiary fluvial and 
lacustrine sediments.

Alluvial basins

Chapin Wash Formation 

Chapin Wash Formation

Northwest comer - -

Northwest corner, 
south border.

South ---------

South ---------

Zeolite, clay, 
gypsum.

/^_ ,.1

L---

M---

L--- 

L---

- C

- B

- C 

- C
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The 13 types of deposits having mineral resource 
potential are discussed in the following sections, and rea­ 
sons are given there for the levels of potential and the 
certainty of assessments.

Urairooym, aurad IPdymnxetaillloc EipStthermai Veins

Manganese, uranium, and polymetallic (silver, gold, 
lead, and zinc) vein mineralization has occurred in the 
western, southwestern and southern parts of the Arrastra 
Mountain/Peoples Canyon Wilderness Study Area. Man­ 
ganese is found principally in the Oligocene and (or) 
Miocene Artillery Formation and to a lesser extent in the 
Miocene Chapin Wash Formation. It occurs in veins, as 
matrix in conglomerate, in fault zones, and as dissemina­ 
tions in red sandstone and boulder conglomerate. These 
occurrences are on the periphery of the Artillery Peak 
mining district, which has an estimated 75 million tons of 
reserves that are among the largest reserves of low-grade 
manganese in the United States (Laskey and Webber, 
1938). A small area in the southwestern part the study area 
has high mineral resource potential for Tertiary sediment- 
hosted manganese deposits, certainty level D.

Uranium occurs in a wide band in the southern and 
southwestern parts of the study area. Uranium occurrences 
are typically found in carbonaceous zones in the lacustrine 
facies of the Artillery Formation west and south of Artillery 
Peak and in the Chapin Wash Formation, which is exposed 
along the southern border of the study area (figs. 2, 3; pi. 
1). New information (J.K. Otton, oral comraun., 1989, 
after plate 1 was completed) indicates that the contact 
between the upper part of the Artillery Formation and the 
Signal Granite follows the 2,200-ft contour line on the west 
side of Artillery Peak. Detailed aerial gamma-ray spec- 
trometry data (flightlines spaced one-quarter mile apart, 
High Life Helicopters, Inc./QEB, Inc., 1983) for part of the 
Prescott 1° by 2° quadrangle indicate eU concentrations of 
4 to 7 ppm in an area that includes the Anderson mine. 
These anomalous concentrations were not detected by the 
1-mi-spaced aerial survey (Aero Service Division, Western 
Geophysical Company of America, 1979). The areas west 
and south of Artillery Peak and a comer near the. Anderson 
mine have high mineral resource

, in tee so 
resource

moderate resource potential for polymetallic vein deposits 
are coincident with manganese and uranium resource po­ 
tential in the southwestern part of the study area (fig. 2; pi. 
1). Clusters of small intrusions, plugs, and volcanic rocks 
in the western part of tee study area have geochemical

anomalies of barium, molybdenum, and uranium and scat­ 
tered concentrations of lead, zinc, and. silver, and gold 
along faults and breccia zones. These rocks and structures 
have moderate potential for silver, gold, lead, and zinc 
mineral resources, certainty level B.

Two areas in the northern part of the study area have 
high mineral resource potential, certainty level C, for fault- 
or shear-related disseminated gold and minor amounts of 
silver. These areas are separated by an area of moderate 
resource potential, certainty level C, for gold and minor 
silver. All of these areas are located in an east-west-trend­ 
ing zone in the Poachie Range (fig. 2; pi. 1). The areas of 
high potential contain northeast-trending to east-northeast- 
trending Tertiary shear or fault zones in granitic basement 
rocks. The zones typically contain pulverized rock sur­ 
rounded by argillically altered breccia, locally heavily 
stained by hematite. Argillically altered rocks in the inte­ 
rior of the breccia zones are cut by irregular, discontinuous 
quartz-calcite or calcite-hematite veins with or without 
quartz. Propylitically altered rocks are present locally in 
irregularly shaped envelopes outside of the argillic altera­ 
tion area. Limonite-rich veins having a variable jarosite 
component are common in the eastern area. Samples of 
stream sediments from these three areas contain anomalous 
concentrations of gold; composite rock-chip samples of 
vein and gouge material also have anomalous gold concen­ 
trations. Gold typically occurs as micron-sized particles 
associated with -quartz and less commonly with calcite. 
Several samples of gouge and vein material show that 
concentrations of elements typically associated with gold 
(antimony, arsenic, mercery, and thallium) are negligible 
and that barium concentrations are higher than in unaltered 
rock.

Dessemorated UrsumoyinnL, Ttoroymm. sunidl

and from aerial gamma-ray surveys (Aero Service Division, 
Western Geophysical Company of America, 1979) indicate 
that anomalous concentrations of uranium and thorium 
occur in Proterozoic granites in the study area. The Middle 
Profierozoic granites in the western part of the area contain 
unknown uranium-bearing minerals and at least one tho­ 
rium-bearing mineral thorite. Biotite, chlorate, zircon, 
monazite, xenotime, and thorite can contain elevated con­ 
centrations of uranium and thorium (Silver, 1969, 1980; 
Silver and others, 1977,1984). Fault gouge and composite 
samples of brecciated, altered granite in the study area have 
an average concentration of 5.8 ppm uranium oxide (U3Og).
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The mineral resource potential for disseminated uranium 
and thorium is low, certainty level C, in the Signal Granite 
underlying the western one-third of the study area and is 
low, certainty level B, in the older granitic rocks underlying 
much of the eastern part of the study area. The certainty 
level B is given to the area of older granitic rocks because 
of a lower level of geochemical anomalies in those rocks 
and a lack of distinct data from gamma-ray spectrometry in 
that area.

Geologic and geochemical data indicate that the entire 
Proterozoic granitic crystalline terrane in the north and 
central parts of the study area has low resource potential, 
certainty level C, for disseminated rare-earth elements. The 
principal unit having this potential is a coarse-grained 
biotite quartz monzonite to granodiorite. Zircon, rutile, 
apatite, monazite, and xenotime in relatively high amounts 
for granitic rocks have been identified in samples of the 
quartz monzonite. The rare-earth and associated elements 
present include cerium, yttrium, terbium, lanthanum, neo- 
dymium, niobium, and praseodymium. The total rare-earth 
oxides in the granitic rocks may approach grades compa­ 
rable to lower grades found in carbonatite deposits (Cox 
and Singer, 1986). Analyzed samples of the rock have 600 
to 800 ppm total rare-earth elements. Metalliferous gran­ 
ites having widely disseminated rare-earth elements have 
not received much attention as sources for these elements 
but are here considered as having potential for resources 
that may be recoverable in the future by bulk-leaching tech­ 
niques.

Zimc)
Massov® Sdfodles (Coppxeir, Lead,

Leached, hematite-stained gossan found in Early 
Proterozoic supracrustal rocks in the eastern part of the 
study area may have formed from rhyolite-hosted massive 
sulfide deposits; however, no significant geochemical val­ 
ues were found in samples of the gossan. The mineral re­ 
source potential for base-metal massive sulfide deposits 
(such as copper, lead, and zinc) in the area is speculative 
and, at best, is considered low, certainty level C.

Zeolite Moowab, Gay, aurad

Small lenses of zeolite minerals, clay, and gypsum 
occur in alluvial valleys of the Big Sandy and Santa Maria 
Rivers in the wilderness study area, and somewhat higher 
grade accumulations are found within several miles north­ 
west of the study area in .the Tertiary Big Sandy Formation 
(Sheppard and Gude, 1971; Sheppard, 1973). A low re­ 
source potential, certainty level C, is assigned these com­ 
modities in the northwest comer of the study area. No 
evidence of deposits of high purity was found within or 
near the study area, and the occurrences of these minerals 
found in the study area are not of great thickness or lateral 
extent.

The Arrastra Mountain/Peoples Canyon Study Area 
lies within the major productive pegmatite belt of Arizona. 
This belt includes several mimes (Kingman Feldspar to the 
west, Rare Metals to the north, and those of the White

as commercial sources of feldspar, quartz, mica, beryl, lith­ 
ium minerals, tungsten mioerals, rare-earth elements, and 
other commodities  (Heinrich, 1960; Jahns, 1952).

The eastern pant of the study area, especially the area 
of Peoples Canyon, has moderate mineral resource potee-

pegmatites occur in 
types: (1) small, complex veiims typically several feet tag 
amid 0.5 ft wide contamimig coarse-grained micas, quartz, 
and feldspar, less commomi toiarmaliinie, and rare spode- 
memie, and (2) large, spatially extensive pods oir sill-like

mncas.

mm in

beds and reservoir rocks suitable for the accu­ 
mulation of hydrocarbons underlie the southern part of the

The exposed Tertiary sedimentary deposits in the study 
area at the north edge of the Bate Creek bask are permis­ 
sive of a low potential for petroleum amd mataral gas re­ 
sources. Resource potential for coal, oil, amd gas is raited 
low, certainty level C, inn (the SQE&lheinni part of the stody area.

present locally within me Chapin Wash Formation have mo 
value as a fuel.

and thermal well sites occur in 
area 

OBI
simrveys (JMiiuuer, 

; Wifcctar aed otters, 1982). A well raear Alamo

Caroywro WoOaOsrtnxss Sftscdly Ac1®*}, A^sama E2H



western part of the study area yielded temperatures of 37 
°C. Heat-flow measurements (milliwatts of heat energy 
flowing across a square meter mW/m2) from just beyond 
the west border of the area study are greater than 103 mW/ 
m2 and, just east of the area, 74 to 85 mW/m2. Anomalous 
heat resources can include molten rocks in the crust, unusu­ 
ally highly radioactive crystalline rocks, and a geothermal 
convection system. Background heat sources are mainly 
the mantle rocks and radioactive minerals in crystalline 
rocks of the crust It is likely that the heat source for the 
high heat flow results from unusually highly radioactive 
rocks in the area.

Sand and Gravel

Sand and gravel deposits suitable for construction use 
occur in the wilderness area, particularly in the Quaternary 
alluvial deposits of Government Wash and tributaries of the 
Big Sandy River. Because similar materials of equal or 
better quality are abundant closer to local markets, and 
because the probable costs of mining exceed the present 
market value of these materials, their future development is 
unlikely.

Recommendations For Future Work

Further studies in the Arrastra Mountain/Peoples Can­ 
yon Wilderness Study Area are needed to resolve several 
problems not answered in our studies. (1) Detailed geo­ 
logic mapping and sampling in the area between Arrow­ 
head Spring and the Dunlap mine (fig. 1) to obtain a better 
understanding of the structural setting of the gold in the 
granitic rocks. (2) Detailed sampling of the Signal Granite 
and petrographic examination of its radiogenic mineral 
assemblage, focusing on the temporal and petrogenetic 
character of the granite. (3) Ground geophysical investiga­ 
tions of the Signal Granite using a portable, quantitatively 
calibrated gamma-ray spectrometer in conjuction with 
geologic studies to locate areas of anomalous radioelement 
concentrations indicated by aerial surveys. (4) Detailed 
examination of the Proterozoic pegmatitic rocks to deter­ 
mine the significance of tungsten, bismuth, and rare-earth 
element mineralization. (5) Sampling to determine grade, 
mineralogical nature, and distribution of disseminated rare- 
earth elements in the granitic rocks. (6) Detailed sampling 
for placer deposits of gold and rare-earth elements in areas 
designated to have moderate to high potential for those 
elements. (7) Detailed sampling of areas having high po­ 
tential for disseminated uranium and thorium.
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APPENDIXES



LEVELS OF RESOURCE POTENTIAL

H HIGH mineral resource potential is assigned to areas where geologic, geochemical, and geophysical char­ 
acteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data 
indicate a high degree of likelihood for resource accumulation, where data support mineral-deposit models 
indicating presence of resources, and where evidence indicates that mineral concentration has taken place. 
Assignment of high resource potential to an area requires some positive knowledge that mineral-forming processes 
have been active in at least part of the area.

M MODERATE mineral resource potential is assigned to areas where geologic, geochemical, and geophysical 
characteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data 
indicate reasonable likelihood for resource accumulation, and (or) where an application of mineral-deposit models 
indicates favorable ground for the specified type(s) of deposits.

L LOW mineral resource potential is assigned to areas where geologic, geochemical, and geophysical characteristics 
define a geologic environment in which the existence of resources is permissive. This broad category embraces 
areas with dispersed but insignificantly mineralized rock, as well as areas with little or no indication of having 
been mineralized.

N NO mineral resource potential is a category reserved for a specific type of resource in a well-defined area.
U UNKNOWN mineral resource potential is assigned to areas where information is inadequate to assign a low, 

moderate, or high level of resource potential.

LEVELS OF CERTAINTY

A Available information is not adequate for determination of the level of mineral resource potential.
B Available information only suggests the level of mineral resource potential.
C Available information gives a good indication of the level of mineral resource potential.
D Available information clearly defines the level of mineral resource potential.

O
Q_ 
LU
U

U.

O

A

U/A

UNKNOWN POTENTIAL

B

H/B

HIGH POTENTIAL

M/B

MODERATE POTENTIAL

L/B

LOW POTENTIAL

C

H/C

HIGH POTENTIAL

M/C

MODERATE POTENTIAL

L/C

LOW POTENTIAL

D

H/D

HIGH POTENTIAL

M/D

MODERATE POTENTIAL

L/D

LOW POTENTIAL

N/D

NO POTENTIAL

LEVEL OF CERTAINTY

Abstracted with minor modifications from:

Taylor, R.B., and Steven, T.A., 1983, Definition of mineral resource potential: Economic Geology, v. 78, no. 6, p. 1268-1270.
Taylor, R.B., Stoneman, R.J., and Marsh, S.P., 1984, An assessment of the mineral resource potential of the San Isabel National Forest, south-central Colorado: U.S.

Geological Survey Bulletin 1638, p. 40-42. 
Goudarzi, G.H., compiler, 1984, Guide to preparation of mineral survey reports on public lands: U.S. Geological Survey Open-File Report 84-O787, p. 7, 8.
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RESOURCE/RESERVE CLASSIFICATION

ECONOMIC

MARGINALLY 
ECONOMIC

SUB- 

ECONOMIC

IDENTIFIED RESOURCES

Demonstrated

Measured

Rese

Indicated

jrves

Marginal 
Reserves

Demonstrated 
Subeconomic 

Resources

Inferred

Inferred 
Reserves

Inferred 
Marginal 
Reserves

Inferred 
Subeconomic 

Resources

UNDISCOVERED RESOURCES

Probability Range

Hypothetical Speculative

Major elements of mineral resource classification, excluding reserve base and inferred reserve base. Modified from McKelvey, V.E., 1972, Mineral 
resource estimates and public policy: American Scientist, v. 60, p. 32-40; and U.S. Bureau of Mines and U.S. Geological Survey, 1980, Principles 
of a resource/reserve classification for minerals: U.S. Geological Survey Circular 831, p. 5.
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GEOLOGIC TIME CHART
Terms and boundary ages used by the U.S. Geological Survey in this report

EON

Phanerozoic

Proterozoic

Archean

pre-Archean2

ERA

Cenozoic

Mesozoic

Paleozoic

Late Proterozoic

Middle Proterozoic
Early Proterozoic

Late Archean

Middle Archean

Early Archean

PERIOD

Neogene
Subperiod

Tertiary
Kaleogene

Cretaceous

Jurassic

Triassic

Permian

Pennsylvanian 
Carboniferous

Mississippian

Devonian

Silurian

Ordovician

Cambrian

(iarm?\

EPOCH

Holocene

Pleistocene

Pliocene

Miocene

Oligocene

Eocene

Paleocene

Late
Early

Late 
Middle 

Early

Late 
Middle 

Early

Late 
Early

Late 
Middle 

Early

Late 
Early

Late 
Middle 

Early

Late 
Middle 

Early

Late 
Middle 

Early

Late 
Middle 

Early

ACE ESTIMATES OF 
BOUNDARIES IN 

MILLION YEARS (Ma)

    0.010

    1.7

    5
1 A

"3O

    55

    66

yo 

1 10

205

    ~240

    290 

. _ ..  -330

    410

    435

    500

    '-570

«»*/W

    3000

*J^\J\J

'Rocks older than 570 Ma also called Precambrian, a time term without specific rank. 
'Informal time term without specific rank.

E28 Mineral Resources of Wilderness Study Areas: South-Central Arizona and Part of California



U.S. Govt. Printing Office   1989 JKT 685-041-1970-S / 03005



The Ohio State Universi

n 7


