
CONCENTRATIONS OF 
INTERIOR ALASKA 

COBALT AND OTHER METALS IN THE WESTERN CRAZY MOUNTAINS, 

by James C. Barker 

) 

* * * * * * * * * * * * * * * * * * * * * * * * * * Open file report 213-84 

UNITED STATES DEPARTMENT OF THE INTERIOR
 

William P. Clark, Secretary
 

TN 3F MINES
 
23
 
.U44
 
84-213 C. Horton, Director
 

c.3
 



UNITED STATES
 
BUREAU OF MINES
 

JAMES BOYD
 
MEMORIAL LIBRARY
 



PREFACE
 

The Bureau of Mines mission is to help insure that the supply of
 

minerals is adequate to meet the Nation's needs at acceptable cos s. The
 

Bureau's Alaska Field Operations Center is currently reviewing and
 

investigating numerous reported occurrences of critical and strategic
 

minerals in Alaska. Many minerals that are obtained from foreign sources,
 

and for which no satisfactory domestic substitutes are known, are essential
 

to industry and defense. Minerals of this type are termed critical and
 

strategic. This report discusses studies of cobalt in the western Crazy
 

Mountains and is one of several on Alaska's critical and strategic mineral
 

resources by the Bureau's Alaska Field Operations Center.
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CnNCENTRATIONS OF COBALT AND OTHER METALS IN THE WESTERN CRAZY
 

MOUNTAINS, INTERIOR ALASKA
 

By James C. Barker 1
 

ABSTRACT
 

The U.S. Bureau of Mines made a reconnaissance in the western Crazy 

Mountains for cobalt and associated metals as part of the Alaska-wide 

critical and strategic metals program. The area, located about 75 miles 

north of Fairbanks in central Alaska, is underlain by complexly faulted, 

predominantly clastic sedimentary rocks bordering the Tintina FauTt 

system. Above background metal concentrations were found to occur in 

altered fault zones, tectonic breccias, soils, and ground water seeps 

and precipitates that either cut or are derived from the faulted clastic 

sedimentary rocks. Up to 0.115 pct cobalt and more than 2.0 pct zinc 

were detected in soil sampl es. Spring precipitates contained up to 1.3 

pct zinc, 0.037 pct tungsten, and other metals. Some localities lacked 

cobalt but contained anomalous amounts of copper, lead, zinc, silver, 

and other metals. No outcropping of primary-metallic minerals was located 

because of colluvium and vegetation cover and extensive deep leaching. 

Therefore, whether the metal values encountered are due to primary deposits 

with economic development potential or are the results of concentration 

by ground water from low-grade sources is unknown. The presence of 

cobalt, nickel, and zinc, and the identification of minor tin and tungsten 

indicate that further investigation is warranted. 

'Supervisory physical scientist, Alaska Field Operations Center, Bureau 
of Mines, Fairbanks, AK. 
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INTRODUCTION
 

In 1977 and 1978 a group of hills located west of the Crazy Mountains
 

(fig. 1) was one of many areas investigated by the Bureau of Mines Alaska 

Field Operations Center (AFOC) as part of a general mineral assessment 

of lands selected for inclusion within proposed Alaska national interest 

land classifications (ANILCA, P.L. 96-487). These areas were selected 

for mineral examination on the basis of-a variety of data ranging from 

verbal reports to published literature. The westerrnCrazy Mountains were 

examined because of the presence of inactive lode mineral claims.
 

The 1977 and 1978 work indicated strongly anomalous concentrations of
 

copper, cobalt, zinc, nickel, tin, tungsten, and other metals (1).2
 

2Underlined numbers in parentheses refer to items in the list of 

references preceding the appendix. 

Since cobalt is one of the target elements of the Bureau's on-going 

critical and strategic minerals project and is one of the elements indi

cated to occur in the area, a more detailed surficial examination was 

made in 1981. Follow-up work was completed in 1982. This report summar

izes the Bureau's findings to date. 
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Geological Survey (USGS), whose helpful advice and geologic knowledge of 
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LOCATION AND ACCESS
 

The report area consists of a group of unnamed hills located west of 

the Crazy Mountains, approximately 75 miles north of Fairbanks,'in 

interior Alaska. For the purposes of this report these unnamed hills 

will be referred to as the western Crazy Mountains. Topographic maps 

covering the area are the D-4 and D-5, 1:63,360 sheets of the USGS Circle 

Quadrangl e. 

The area is relatively inaccessible. There are no overland routes 

into the region. Summer access is limited to float plane landing sites 

approximately 5 miles northwest of the hills or to helicopter. Due to 

the dense forest and brush growth, the availability of natural helicopter 

landing sites is limited to only the higher hilltops and to gravel bars 

along Preacher Creek. Because of the dense brush and extreme insect 

populations, it is recommended that future work be schedul ed either 

before the foliage blooms in the spring or during late summer. The most 

practical supply and logistical center which can serve the area is Fairbanks. 

Charter helicopter service, communications, and lodging are also available 

at the village of Circle, located 50 miles to the east of the study area. 

HISTORY AND LAND STATUS 

The occurrence or potential for mineral resources in the western Crazy 

Mountains and vicinity was unknown prior to this study. The only docu

mented report of explor'atl4on activity was the location of mining claims 

by Earth Resources Inc. in 1970.3 The claims were subsequently allowed to 

3Claim records on file with the Alaska Department of Natural Resources, 

Division of Mining, 794 University Avenue, Fairbanks, AK. 

lapse and no information is available as to the nature of the discovery. 
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There is no published geologic map, although reconnaissance-level 

1:250,000 scale mapping is in preparation by the USGS. 4 

4USGS Alaska Mineral Resource Assessment Program (AMRAP), Cirdle 

Quadrangle in progress. Direct inquiries to H. Foster, principal 

investigator, 345 Middlefield Rd, Menlo Park, CA. 

The entire area is presently withdrawn from mineral entry and included
 

within the White Mountains National Recreation Area. The Bureau of Land
 

Management (BLM) under Alaska National Interest Lands Conservation Act
 

(ANILCA, P.L. 96-487) is respionsible for land-use policy and disposition
 

of natural resources in the area.
 

PHYSIOGRAPHY AND CLIMATE 

The western Crazy Mountains are a deeply incised, low range of rounded 

hills with elevations ranging from 1,000 ft at the base to 3,536 ft at 

their highest point. The hills form a drainage divide between the Yukon 

Flats to the north and Preacher Creek to the south. Valleys are V-shaped 

and there is no evidence of glaciation. The area is well drained by 

clear-water, gravel-bottomed streams. Bedrock in the area is intensely 

faulted. There are numerous side-hill seeps and springs, some of which 

are red-stained due to the iron content of the ground water.
 

Weathering of bedrock and resultant accumulations of colluvium are
 

extensive, particularly on the lower slopes. Rock outcrops are rare and
 

the few that occur are very-weathered. Permafrost was encountered at
 

all sampling sites and appears to be continuous except for a few of the
 

higher, southern exposures.
 

Vegetation, composed of spruce, alder, and birch forest, is very dense
 

with thick undergrowths of brush. Only the higher ridges rise above the
 

tree line and are typified by tundra and soil with frost-heaved rock.
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The climate is continental typical of interior Alaska with extreme 

variations in temperatures. The region was found to be free of snow 

from early May until late September. There are no weather records for 

the area, but precipitation is relatively light, approximately 10 in/yr. 

GEOLOGY 

The western Crazy Mountains are composed of a complexly faulted succes

sion of predominantly clastic, weaklyimretamorphosed sedimentary rocks. 

They have either been intruded by or are in fault contact with mafic 

sills, dikes, and at least several small intrusive, stock-like 

bodies. At the present there is no stratigraphic correlation of the 

rock units, no formational names are assigned, and no age control is 

av ail abl e. 

The western Crazy Mountains are one of several fault-bounded blocks 

that possibly have shifted from the east by movement on the Tintina 

Fault System (2). Thus, no geologic continuity is expected either to 

the north or south; however repeated sequences of at least some of these 

rock units may be found to the east and west (for example, in the Crazy 

Mountains or Little Crazy Mountains). The western Crazy Mountains are 

bounded along the south by the prominent Preacher Creek Fault (3), a 

splay of the Tintina Fault. Displacement along the Tintina Fault appears 

responsible for the intense and complex faulting and repeated thrust 

sequences of the local sedimentary units (fig. 2). 

BUREAU OF MINES RECONNAISSANCE 

Field investigations by the Bureau included outcrop and rubble mapping 

and sampling of rocks, soils, and stream sediments. Brief field descrip

tions of the interpreted rock units are presented in conjunction with 
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FIGURE 2. - Conformable contact of black shale and white quartzite 
along north shore of Preacher Creek. Note extensive shearing due to the 
immediate proximity to the Tintina Fault. In this area the north side 
of the fault is apparently undergoing minor uplift and exposing outcrops 
in this manner. 
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outcrop and sample locations, and locations of alteration features such as 

iron-staining and brecciation (fig. 3). No attempt was made to provide 

a continuous bedrock map of the study area or to delineate stratigraphic 

succession. This work is currently in progress as part of the USGS 

Alaska Mineral Resources Assessment Program (AMRAP). A total of 47 rock 

samples, 68 soil samples, and 119 stream and spring sediment samples 

were collected during the 1977 and 1978- and the 1981 and 1982 field 

studies. Analytical data from the combined sample sets are presented in 

tables 1-10. Specific areas-(A through G) where mineralization was 

suggested by field observations and sampling are discussed in the 

following sections of the report. 

OUTCROP MAPPING AND DESCRIPTION 

A sedimentary sequence comprised of at least four mappable units of 

unknown structural and age relations and isolated igneous rocks were 

recognized. The structural relationship of poorly exposed isolated 

outcrops of andesitic volcanic rocks, stock-like bodies of porphyritic 

andesite, and greenstone sills to the sedimentary sequence is unknown. 

There is a spatial association of the mafic sills to the chert, argillite, 

and shale unit (unit 4), but evidence of intrusive contacts with these 

rocks is unclear.
 

Unit 1 

The first unit is a polymictic clastic sequence composed primarily of 

conglomerate containing pebbles of quartz, green, gray, and lesser black 

chert, minor quartzite and green argillite, and rare mafics. Pebbles 

rarely exceed 1 in and are generally rounded although local strata of 

angular to sub-angular clasts were observed. The conglomerate typically 

has a sandy to siliceous matrix and is more resistant to weathering than 

8
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the associated interbedded sandstone and siltstone strata, thereby result

ing in prominent escarpments. Locally this unit is calcareous and 

limonite-stained, particularly north of VABM Loper. Echinoderrd and 

shell fossils were found on the ridge 3,000 ft northeast of VABM Loper 

during the 1982 investigations. A probable age interpretation of Upper 

Devonian-Carboniferous(?) was made. 5 

OIdentification made by J. T. -Dutro,-USGS, U.S. National Museum, 

Washington, DC. Report available from J.C. Barker, Bureau of Mines, 

Fairbanks, AK. 

Unit 2 

This second unit is composed of massive, bluff-forming, white quartzite 

with minor proportions of white mica and black chert grains. It is 

found primarily along the southern front of the hills (figs. 2-3). The 

quartzite is interbedded with gray to black shale horizons and includes 

greenstone sills near Preacher Creek. 

Unit 3 

The third unit comprises white-weathering, massive gray limestone 

that mantles some of the higher ridges and appears to be only in fault 

contact with the other units. This limestone is tentatively correlated 

with the similar-appearing Silurian to Devonian Tolovana Limestone to 

the west. The Tolovana Limestone has been most recently described by 

Chapman and others (4). 

Unit 4 

The fourth unit is made up of a variable sequence of gray to green 

cherts, olive-colored argillites, black to gray laminated shales, phyl

lites, and minor graywacke. Much of the shale of unknown association 

shown on figure 3 may belong to this unit. 
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SAMPLING PROCEDURES
 

Stream sediment samples were obtained with a steel shovel from silty 

gravels taken from the center of active creek channels. Organic material 

was avoided. Approximately 0.5 lb of finer grain sediment was placed 

directly into water-resistant paper bags, air-dried, and screened at minus 

80 mesh. The minus 80-mesh fraction was then pulverized prior-to analyti

cal procedures described below. Soil -samples were collected from mixed 

mineral soil and rock chips and processed similarly to stream sediment 

samples. Rock samples consist of random chips generally collected within 

a few feet of the sample station. Rocks were pulverized and analyzed by 

procedures described in tables 1, 2, 5, 6, 10. Descriptions of samples 

listed in each table are taken from field notes, suppl emented as required 

by thin section examination. 

Sample data presented in this report include analytical results from 

earlier sampling (1977-1978) as well as 1981-1982. Various laboratories 

performing analyses are indicated on tables 1-10. Neutron activation 

(cobalt, zinc, manganese, iron) and X-ray fluorescence (silver, cadmium,
 

copper, nickel, lead, tin, tungsten) analyses of some 1978 Bureau sample
 

splits were provided and published by the Department of Energy (5-6).
 

Since a variety of laboratories and analytical procedures were used,
 

it was not possible to utilize standard statistical methods to determine
 

background and anomalous elemental values. Levinson states that the
 

average cobalt content is 20 ppm for shales abd 4ppm for limestone
 

while the earth's crust averages 25 ppm (7,p. 43). A range from 1 to
 

40 ppm is normally encountered in soil samples. For the purposes of
 

this report 60 ppm was arbitrarily chosen as representing an anomalous 



cobalt concentration. Values for other elements are cited in the text 

where the values are clearly well above normal background levels as 

cited by Levinson. 

DESCRIPTION OF OCCURRENCES 

Weathering and leaching have been extensive in the western Crazy Moun

tains and these processes have been uninterrupted by glaciation. Sulfide 

minerals, if present in the area, would have been long since removed 

from surface rocks. The presence of sulfides, however, is indicated by 

fault-controlled seeps of metal-precipitating ground water, by gossans 

and boxworks with anomalous metal values, and by quartz veining and 

extensive hydrothermal and argillic alteration. 

Areas containing metal concentrations in soil, water, or rock were 

found frequently underlain by unit 1 which is composed of chert to polymictic 

pebble conglomerates, sandstones, and siltstone. Geochemical data 

indicated that hydrothermally altered fault zones in the conglomerate 

are suspected -hosts of some mineralized material. Specifically of interest 

was a northwest-trending fault contact (interpreted as a thrust) between 

the conglomerate and the underlying shale of unknown unit association 

(see locations A, B, C, and E, fig. 3). Other f-ault or shear zones are 

indicated to warrant further investigation. At location D, and possibly 

at F and G (fig. 3), cobalt, zinc, nickel, and to a lesser extent, copper 

enrichment appeared associated with tectonic breccias in unit 4. 

Location A 

Silicified chert-pebble conglomerate (unit 1) exposed on a hillside 

overlies an altered zone inferred as a thrust fault (fig. 4). Dissemin

ated grains in the silica matrix were tentatively identified as chromite 

12
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(sample 3). Petrographic examination indicated that sericite in the 

matrix and halos of fuchsite (chrome mica) around the chromite grains 

have developed as alteration products. 

.The conglomerate exposure is bounded on the south by a zone of pervasive
 

argillic alteration, sericite, hematite, and minor boxworks. In
 

thin section the argillic rock (sample 6) appears originally to have
 

been fine-grained graywacke. Breccia and slickenside rubble indicated a
 

probable fault contact in the area. It could not be determined if the
 

fine-grained rock was interayered with the conglomerate or a separate
 

unit.
 

North of the chromite(?)-bearing conglomerate is a pervasively iron-


stained zone of conglomerate with interstitial cavities possibly formed
 

by the leaching of pyrite.
 

Although no concentrations of economic metals were found in samples
 

collected from location A (see table 1), the exposures provide an example
 

of the type and degree of alteration that has occurred along the inferred
 

thrust fault zone (see fig. 3).
 

Location B
 

Seeps occurring along the buried thrust (?) fault contact of the con

glomerate (unit 1) and underlying black shale (possibly of unit 4) (figs. 

5-6) contain concentrations of cobalt, copper, tungsten, and zinc 

in sediments and ferricrete precipitates (samples 15-19, tables 2-4). 

Sample 24A also contains a concentration of lead and nickel and tin was 

detected in sample 16. Ground water, colored red due to iron content 

and deposits layers of iron precipitate where it emanates onto the surface 

at the base of the slope. Scattered rubble of conglomerate found at the 

toe of the slope (fig. 5) were typically iron-stained and exhibited local 
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TABLE 1. - Analytical resultsl of soil, stream sediment, and rock samples from
 
location A
 

pleIAg, As, Co,jCu, Cr. Mo, NiT,5 P Sn W. jZn, Sample Descriptionr P ppm ppm ppm ppm ppmD DmP Dpm DPm DPm Dp type 
woes 2.6 NA 131 33 NA ND NA 26 NA NA 79 Sed Conglomerate and shale. 

.0.2 ND 11 17 NA ND 18 17 ND 15 46 Soil 
.... ~ NA NA NA NA 2,000 20 NA NA NA NA NA Rock Silicified conglomerate with 

< 1 pct opaque grains tenta
tively identified as chromite 
which are surrounded by green 

I l mica. 
.1 .NA NI| 2 NA ND NA 3 6 ND ND Rock Silicified conglomerate with 

minor green staining an~d aI
brecciated texture with inter
stitial clay; borders a zone 

| of intense argillic and hema
| | [ | l| l l l l l l | ~titic alteration. 

NA ND NAj NA NA| NA NA NA ND NA NA Soil a 
....j NA| NA NAI NA NA| NA NA NA NA NA. NA Rock Granulated and recrystallized

I graywacke with interstitial 
I I I I I I I I ay.l I I I I ~~~~~~cl 

1.21 NA 121 211 NANNA 54 Sed Organic-rich silty sand. 
NA Not analyzed. 
ND Not detected. 
Sed Stream sediment sample.
1Analyzed by Technical Services Laboratory (TSL), Spokane, WA, for Sn and W by color4
nc procedures, for Cr by X-ray fluorescence, and for all other elements by atomic absorp

on. 

TE.--See figure 4 for sample locations.
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________ 

TABLE 2. - Analytical results1 of soil, stream sediment, and rock samples from 
location R 

Sampl el Ag, I Co, u. 1Mo, 1Pb,j1 Zn, ISampl el 	 Description 
| ppm I ppm ppm ppm Ippm l ppm I typ e
 

8 1 ND .. n9 Nn 5861 Sea conglomerate.
 
9....Il.2 12 22 ND 25 32n Sed Conglomerate and shale.
 

1n 7.8 0n 18 ND 5 48 Sed Shale and black clay. 
11... I Nln NA 22 ND 25 94 Soil Soil at toe of hillside slope, no
 

I limonite present.
 
I2....| Nnf NA| 2n1 Nfl ND 210 Soil I Soil at toe of hillside slope, no
 

II I I Nfl1 I I limonite present.
13.... I Nn 4.71 181 NnNn 7n Rock I Sub-angular clasts in chert-pebble 

II I I conglomerate. 
14...1 Nnj NAI 31 Nql Nnl2,Onn -.Soil Soil taken from gossan and limonite 

I I I I I Irubble upslope of iron seeps. 
... I NDO 74 2n Nn020 630 Soil Soil from iron precipitate area near 

17*o~o *1 22 210N1 - 630 Soi seeps.
17.... .11220 	 | 3 21001 Nfl 11,00N Sed Taken from iron seep, sample also 

I0 contains 700 ppm Te. 2 

19..o. Nn|lio 1 3,3nn Soil Soil from iron precipitate area near 
1 I 1I I seeps. Sample contained trace 

2 I 	 (O.n29 ppm) Au. 
20.... 5 250 11no Nn| 70 1,snn Sed Shale and conglomerate in creek beds 

taken below confluence of iron-rich 
Nfl 1 1 1 1 1 spring water. 

21... Nn 10 1 301 NDl155I 2401 Soil I Soil from rubble area of calcareous 
N 1 1 Nl 1 71 I chert pebble conglomerate.

22.o n. 30 65nj | Soil 	 gulch cutting the. 10.6. ND 7101 Soil from small 
I 1 1 1 1 1I I conglomerate unit. 

23....I Nnl 10 - 2 Nfl 46 4761 Sed I Shale and conglomerate in creek bed, 
I taken below confluence of iron-rich 

I 1 1I spring water. 
24... ND| 368 1 48 NDn725112,0nn Soil I Red limonite soil from a marshy area 

I l ! 1 | 1 I1 of seeps below a slightly iron
1 I l 1 1 1 I1 stained conglomerate. 

2... 1.71 4 | 311 NDl 33 425 Rock I Extensively leached sub-angular chert 
I I I I I I I I pebble conglomerate with iron and 
1 1 1I..1_________ [1manganese staining.

NA Not analyzed.
 
ND Not detected.
 
Sed Stream sediment sample.

1Samples 17 and 2n analyzed by Mineral Industry Research Laboratory (MIRL),
 

University of Alaska, Fairbanks, AK, by atomic absorption. Samples 9, 10, and 
25 analyzed by Technical Services Laboratories (TSL) Spokane, WA, by atomic absorp
tion. All other samples analyzed by the Bureau's Reno (NV) Research Center by atomic 
absorption.

2Analyzed by semi-quantitative emission spectrographic methods by Mineral Industry 
Research Laboratory (MIRL), University of Alaska, Fairbanks, AK. 

NOTE.--See figure 5 for sample locations. 
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TABLE 3. - Multi-element analyses1 of spring sediment and precipitates 
from location B 

/ 

El ements ,units 1 Sanele analyses 
l 24A 16 

Ag..ppm....N..... N2 
Cd.0 ppm ..; ...... : 64 Nn 
Co..ppm.......... 368.1 35.3 
Cu..ppm.......... 227 52 
Fe,,pct* ........ l8.94 29.4 
Mn,,pcto,........ - 2.68 0.09 
Ni..ppm... . 1,595 ND 
Pb,,ppm |,.::::::11,063 ND 
Sn ,ppm |.. ND 72 
Wo ppm, . *- ,l99*13,282 329 
Znppm.. .*e*l8,400 J7,548 

ND Not detected.
 
'Analyses for Ag, Cd, Cu, Pb, Sn, and W by X-ray emission spectrography,
 

all others by neutron activation, by Los Alamos. (NM) Scientific Laboratory.
 

NOTE.--See figure 5 for sample locations.
 

TABLE 4. - Analyses1 of spring water from location B 

Elements, units 1Sanple analyses 
18 

Ca. *ppb.................. 416,054 
Co.ppb. ... ppb........... 217
 
Cr. p.. ......... ..... 70 ppb 


31 
Fe. * ppb.......... .... ppb 159 
Mg..ppb.. ............. 214,180ppb 
Mn.. pp... ............. pbp 2,461
 
Mo..ppb_............ :*.. ND 
Ni.. ppb 249 
Pb..ppb.............. ppb6,710 
Ti..ppb.*........... 43 
Zn.pb.......,,,,,, ppb 801 
U.........ppo...... ppb 0.14 

ND Not detected. 
Analyses by Los Alamos (NM) Scientific Laboratory. 

Scattered rubble of conglomerate found at the toe of the slope (fig. 5) 

NOTE.--See figure 5 for sample location. 
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boxwork or a leached matrix and, frequently, a brecciated texture. Little 

gossan or other alteration was observed although quartz veining is common. 

Precipitate samples (samples 19 and 24) listed in table 2 'contained up 

to 13,300 ppm Zn and 368 ppm Co, respectively. Multi-el ement analysis of 

spring sediment (sample 24A) and of ferricrete precipitate (sample 16) 

indicated metal concentrations shown in table 3. A sample of spring 

water (sample 18) gave the results shown in table 4. 

Location C 

A creek bank outcrop (fig. 7) exposes a contact of gray to black shale 

and graywacke with the conglomerate of unit 1. The contact consists of 

numerous closely spaced fractures and faults. Rocks on both sides of 

the contact are pervasively altered and weathered in a central zone 

approximately 50 ft wide that strikes N 600 E. The outcrop is near an 

inferred intersection with the previously described northwesterly thrust 

(?) fault (see fig. 3). The alteration grades into unaltered shale to 

the northwest and unaltered conglomerate to the southeast over a distance 

of approximately 100 ft along the creek bank. 

Slickensides, boxworks, and a coarse breccia texture were observed in 

hand samples from the central altered zone. Stockworks of clay, chalcedony, 

and iron-oxide veinlets are common throughout the outcrop which is deeply 

weathered to a gritty gray and yellow color. No sulfides were observed. 

In thin section the rock in the central zone is comprised of a highly 

fragmented mass of quartz and mafic volcanic clasts of a basaltic composi

tion within a clay matrix cut by quartz veins. 

Samples 232, 233, and 234 were collected at location C. Conglomerate 

(sample 234) on the southeast margin of the altered zone contained minor 
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.~~~~~~~~~~. 

FIGUJRE 7. - Altered fault zone at location C. The zone is exposed in 
a low creek bank outcrop. 

21
 



concentrations of zinc and copper (see table 5). No significant levels
 

of cobalt were detected.
 

Location D
 

Several small seeps emanate from the base of a steep vegetated slope
 

at location D (fig. 8). Extensive aufeis in the creek bed occurs below
 

this locality during early summer, and minor limonitic staining is
 

common on some of the gravel. Minor coatings of a hard carbonate "sponge"
 

have formed on vegetation and soil at the base of the slope. There was
 

also evidence of recent mass slumpage of the colluvium on the slope
 

above the ground water seeps. Local bedrock is shale, chert, and argillite
 

of unit.4.
 

Four shallow soil sample holes were dug into the slope approximately 

150 to 250 ft north and upslope of the springs. These encountered black, 

carbonaceous, mixed soil and clay and chips of black shale, all of 

which are overlying ferricrete-cemented shale fragments. Samples contained
 

anomalous levels of cobalt up to 1,150 ppm, as well as concentrations of
 

zinc (see samples 26, 35-40, in table 6). Sample 36 also contained 515
 

ppm Ni and a trace of silver. Chips of black shale contained small
 

crystals of gypsum and limonite-filled vugs. Soil from a dry gulch 

(sample 40) contained anomalous cobalt and greater than 20,000 ppm Zn. 

No sulfides were observed and the hillside appears to be deeply leached. 

An area of rubble consisting of sheared silicified shale, limonite, 

and gossan is poorly exposed on a wooded hillside to the northeast
 

(samples 27-30). Values of copper, lead, and zinc were slightly above 

normal and sample 30 contained anomalous cobalt. 
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TABLE 5. - Analytical results.1	 of rock and soil samples from location C 

SamplejAg,jWAsCofCu ,Mo,jPb, Sn, W. ZnjSanplej Description 
PppmIppm fppm ppm ppm UM I+ppL type L 

232... 0.4 NAI 6IND277 ND ND 8 Rock.. Highly altered and faulted 
I ..... rockIclastic 	 including mafic 

. I..... 	 volcanic fragments observabl e 
in thin section. There is a 
cataclastic texture and fine 
stockworks of clay and iron 
oxide. Rock weathers gray to 
yellow in outcrop with spotty 
chalcedony and quartz banding 
and appears to grade into 
unaltered conglomerate. 

233... 6.8| 12| 4 35 4 42 NA ND 84 Soil.. Altered zone along shale -and 
I I | | | | | | | | conglomerate fault contact 
|.1 | | | | | | | | |with high clay content. 

234... .4 NA 8 39n ND 14 NA NA 615 Rock.. Leached conglomerate with milky 
chalcedony coating and 
quartz bands. Located about 

I I II I I I50 ft from contact. 
Not analyzed. 

ND Not det ect ed. 
1Analyses by Technical Services Laboratories (TSL), Spokane, WA. Sn and W 

were analyzed using colorimetric procedures. Other elements were analyzed by 
atomic absorpti on. 
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TABLE 6. - Analytical resultsl of soil, stream sediment, and rock samples from 
location D 

SamplefAg, IAsWWCuNi, 	 I Zn, ISapl el DescriptionCo. PblW 

Ippm I pm ppm ppm ppm p
Mpm type I 

124 NA 16 MA 770 Soil IMoist dark gray silty soil and 
shale chips. Sample did not 

I I I contain detectable Au. 
27.... NA NA 1 921 NA 44 ND 320 Rock Limonitic silicified shale breccia 

and gossan. Occurs as hillside 
8 24'23 I| boulders. 

28....1 Nn NA 241236 38 118 NA 59sn Soil From 2 ft depth in limonitic soils. 
Sample contained trace (0.013 ppm) 

l l l | ~~~~~~Au. 
29...4 NA NA 25[1ign NA 91 NA NA Soil |Soil from gulch with abundant 

I.1 9 I I gossaniferrous rubble. 
3n.... NA NA 65 108nNA 665 NA 620 Soil Limonitic soil. 
31.... 	 NA NA 31 128 NA 56 NA 36n Sed Creek float consists of abundant 

I l shale, very little iron staining.l | 
32.... NA NA 11 51 NA| 29 NA| 2nn0 Sed Sediment from active creek bed. 
33.... NA NA 171 821 NAI 441 NAI 2801 Soil Moist soil from 1 ft depth in area 

I 	 I I I I I| of carbonate encrustation. 
34.... 6.4 | NDl 35 50 190 35 101 5601Soil Ilron-stained soil down slope of 

l l I lI I I sample site 36. 
35.... .751 NA 780 701 NA 34 81 49n| Soil ICarbonaceous (sooty) soil and clay.11 1 1 lj | | Sample did not contain detectable 

l l ll l l l l | | ~~~~Au. 
36....I1.4 I 101 8on0 7815151 201 131 1,14n0 Soil ISame site as sample 35, sample 

I I I I N I taken at 1 ft depth.
37....1 .2 1 NAI 71 33 NA| 171 NAI 145 Rock IChips of black shale with minor 

I I I I I I II | I gypsum coatings. 
38.... 1 .2 | NA|1,1501 451 NAI 241 NA 7201 Soil IFerricrete-cemented shale fragments 

I I I I I inlimonitic soil at 3 ft depth.
3q....9 NAI NAI 131 371 NAI NAI NA 22n0 Rock IBlack shale with secondary gypsum 

I I I I jcoatings, minor limonite staining, 
4n ... N N | 1.5 ft depth.NA 7 > sample taken from 

4n | | Soil IMoist dark gray silty soil andNA NA 3451 791 Snl 341 N~l>2ns~n~ 

I I I I______I 	 I shale chips.I I.........J......1 


NA N nalyze-.
 
Nn Not detected.
 
Sed Stream sediment sample.
 
lAnalyzed by Technical Services Laboratories, Spokane, WA for Wby colorimetric
 

procedures, and for all other elements by atomic absorption. 

NOTE.--See figure 8 for sample locations. 
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Location E 

The relatively flat hilltop upon which VABM Loper is located contains
 

numerous rubble occurrences of altered limonite-stained, chert- and 

quartz-pebble conglomerate and boxworks of unit 1. The rubble occurs 

sporadically throughout the hilltop exposure and is particularly abundant 

along the southern edge (fig. 9). Samples of altered conglomerate rubble 

(samples 52, 65, 68, 70) contained local-concentrations of lead, zinc, 

silver, tungsten, and copper (table 7). No cobalt was detected 

above normal background levels. To the northeast of samples 52 through
 

68, the conglomerate unit appears to grade into a calcareous sandstone
 

and conglomerate. Marine fossils occur at sample 50. In the vicinity 

of sample 49, calcite vein stockworks with thin (>1 in) white barite veins 

occur with goethite and boxwork. 

The conglomerate capping the top of the hill appears to be in thrust 

fault contact with the underlying unit 4 of chert-argillite-shale. The 

erratic distribution of slickensides in the conglomerate indicates 

faulting occurs as a zone of minor faults rather than along a single 

fault surface. Highly polished slickenside surfaces were frequently 

observed on the more highly altered conglomerate rubble. Argillite and 

limonite alteration of conglomerate and sandstone rubble locally contain
 

bands of silica and clay parallel to the slickenside surfaces. Local
 

developments of boxwork and sericite were seen inthe rocks.
 

An attempt was made to determine if soil sampling would reflect zones 

of metal enrichment (samples 57, 60-64, 66-67). Pits, dug to depths of 

3 ft, however, only encountered angular leached conglomerate and dry, 

well-drained, loose silt lacking even limonite. There was no clay or 
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TARLE 7. - Analytieal resultsl of soil and stream sediment samples from location E 

SamplelAg, t u7, Pb, 1SnW,Zn, ISanplel Description 
PPmDDm Dpm ppm ypppe IAYPe 

41.. wyNO "W NOrganic-rich1522 Sed sediment. 
42.... ND NA 15 20 NA NA 111 Sed Gravel in iron-stained creek bed. 
43,... Nn NA 10 2n NA NA 90 Sed |All shale.
 
44.... Nn NA 36 55 NA NA 357 Sed |Organic-rich sediment.
 
45.... Nn NA 33 35 NA NA 197 Sed IChert-pebble conglomerate, shale,
 

-NN AI and sandstone. 
46i Nl NA 25 25 NA NA 159 Sed Shale and conglomerate.
470.. NA 5 29 25 NA NI 196 Sed Organic sediment with spotty limonite. 
48... mn NA 20 75 NA NA 241 Soil Soil from zone of moderately 

red-stained calcareous chert-
pebble conglomerate. 

493*6 .991 Nf 20 42n NA 241 120 Rock White barite veins approximately 
1 in thick, cutting calcareous 

I-| I sandstone with slickensides, goethite, 
limonite, and boxwork. Sample did 

I l I not contain detectable Au. 
5n3NA. NAI NA NA N NA Rock Fossil locality, specimens submitted 

NAl NA NA Nj|to USGS. 
51 ND NA 29 75 NA|NA| 4671 Sed |Mixed rounded gravel. 
SP2: |0.21 56 ND NAI Chips of argillically altered3 143 3 Rock 

Il I l | II| | conglomerate with minor limonite 
5321 ' I I I. I and goethite. 

532 . 3.8. 0n1 2n0 g90 NA <5 2751 Soil I 
54.... ND 3.61 4nj 151 ND Nnl 18| Rock ICross-bedded sandstone and con-

N N N Iglomerate.
55 |. NDI 2NA l6 25 NA NA 491 Soil I 
Sfi6l Nnl2.2I 341 8n ND Nnl 171 Rock IRed-stained chert. 
57Y10 | NA119 751..| 31| ND| 21 NAI Soil O~ry, dark brown loose silt from 

l Njl9 l 31 ND 2 NA1 SoIl |~3 ft depth.
582... I NAI 4 11121 241 ND 3 NAj Rock ILimonite- and manganese-coated

I I I R siltstone strata inconglomerate
Ig2NA' 4 27 6 NA NI Iunit. 

592...; NA| i4 | 27| fi| NA NA NA Rock Quartz- and chert-pebble con-
I | | | glomerate with leached matrix 

| |II andI limonite filling. Sample
I I I Il Il | | contained o.n08 tr oz/ton Au. 

602 I NA115 1 63 71 NA NAI NA Soil Soil from 3 ft depth. 
612| 'R... 137 151 NA NAI NA Soil Soil from near limonite-stained, 

NA1 l Il l l | |unaltered conglomerate rubble
 
622... 17 185 SoIl from 2.5 ft depth.
5.0 13 ND 


622.. |5.n 7 NA| NO 185 Soil
13|1341 Dark brown soil with fragments of 
I I iron-stained conglomerate. 

632... 1.6 11 13n 59 NA Nfl 270 Soil IRrown clayey soil down slope of1 l I I l l l | |Iconglomerate rubble. 
642... 6.61 4 45 65 NA Nfl 115 Soil Loose loamy light tan soil with 

I20~?| 530 | I Iconglomerate rubble. 
652... 1.3|16 2 3 ND 22 1,140 Rock Leached, iron-stained, polymictic 

|I |Iconglomerate with occasional boxworks, 
goethite banding, some secondaryI 1|____ __ _ _ __sericite, and quartz veining. 

______ ___ ___ 1Alteration __ _ follows fault zone. 
See explanat-orynotes at e o tabI eq
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Analytical resultsl of soil and stream sediment samples from location E--Continued
 

Sample|Ag, Co, Cu, Pb, SnFW 7n, ISample Description
lppm pp ppm ppm ppm ppmp type

6fiv9 NA 3 47 33 Nn ND NA SoiT Dry, medium brown silt underlying 
altered conglomerate from 2.5 
ft depth. 

6727.2.ll7211 46 32 NA ND 96 Soil Dark brown soil down slope of 
conglomerate rubble. 

68....13 9.3 2nn 40 201 34 1,40n Rock Red-stained sandstone and con-

I II glomerate grading to gossan.

692...1l.4 15 I 19 21 NA| NA 1on Sed nrganic-rich silty sand. 
7n2...I NAI 9 1031 ll NAI NA 197 Rock Limonite and boxwork zones with 

goethite and manganese stain. 
Zones are 2 to 6 in. thick, cutting 
tan.chert. 

712... NAI 8 39 261 NAI NA 69 Sed IFloat rock in creek is primarilyI Ii I I -l Icarbonaceous black shale. 
722... NA1l9 241 441 NAI NA 2671 Sed ICreek bed cuts through iron-rich 

I I I l |I | gravels and muck. 
73.... NDO NA 58 451 NA NA 415| Sed Shale and conglomerate float.
 
74.... ND| NAI 33 3n1 NA NA 2101 Sed Do.
 
75 1 ND| NAllO|0 65 NA NA I 31n0 Sed Do.
n 
76::.1 NA 39 12571 791 NA NA| 53n0 Sed |Float rock in creek is black shale 

1 iii 1 1 1 I1 1and conglomerate with a thin milky
I I 1I I 1 1 | I coating and discoloration in watert 

772...! NA 10 571 471 NA| NA 44nI Soil Sandy gray soil underlying slump 
I I 1 area with carbonate encrustations. 

782 .. NA113 1 431 ln41 NAI NA 3931 Sed Float rock in creek is black shale
 
1~ ~~ I. 1 1 1 and conglomerate.

79 .INn| NA 51! 901NA NA 51n1 Sed IShale and conglomerate float. 
8An 1fINA 14 46 1341 NA NA 42n1 Sed IFloat rock in creek is entirely 

I I I 1 1I I conglomerate.
812... NAl4 31 461 NA NAt 580 Sed IFloat rock in creek is iron-stained 

I I I I I1 1 1 I conglomerate and sandstone. 
82... 1 NnD 7.,1 631 3n0 ND| Nn 1n0 Sed Shale and conglomerate float rock 

I I I I I I lin creek. 
83 .... Nn| NA| 261 751 NA| NA|1 ,5nnO Sed |Iron-staining in creek appears

261 1 ~ NA1l0 1 1due to shale horizon belowI i I I I I I 1I conglomerate.
84....I Nn| NA| 191 155 NA| NA Soil |Conglomerate rubble nearby.

NNOt analyzed 
Nn Not detected. 
Sed Stream sediment sample. 
111nless noted otherwise, Ag, Cu, Pb, and Zn were analyzed by atomic absorption

by the Bureau's Reno (NV) Research Center. Sn and Wwere analyzed by X-ray 
fluorescence, and Co by neutron activation by Los Al amos (NM) Scientific Laboratory.

2Analyzed for Ag, Co, Cu, Pb, and Zn using atomic absorption and for Sn and W 
using colorimetric procedures by Technical Services Laboratory (TSL) , Spokane, WA. 

NnTE.--See figure 9 for sample locations. 
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noticeable ground moisture. No anomalous metal concentrations, except
 

silver, were encountered in the soil samples collected. Consequently
 

further soil sampling on the hilltop near VABM Loper appears to'be of
 

little value.
 

The association of detectable tungsten and tin with the altered
 

conglomerate (samples 52, 65, 68) at location E and other locations in
 

the western Crazy Mountains is of interest; however no explanation was
 

evident in the field.
 

Location F
 

Location F, a ground water seep precipitating ferricrete in a manner 

similar to location B, is located along the east bank of a south-flowing 

creek (fig. 10). Sample 192 of shale and chert fragments cemented with 

iron precipitate contained 303 ppm Co (see table 8 and fig. 11). Iron-

stained soil in the creek bank immediately above the seep precipitate 

contained 505 ppm Zn (sample 191, table 9). 

No bedrock is exposed in the immediate Vicinity of the seep although 

limited areas of black shale scree (possibly of unit 4) occur on both 

sides of the valley. Approximately 1/2 mile to the south a small stock 

(?) composed of altered, pyritic, mafic intrusive rock (sample 98, table 

(10 and fig. 12) occurs but was found to contain no significant metal 

concentrations. 

Location G
 

Gray to black argillite, chert breccia, with gossan along fractures,
 

occur as rubble on a ridge crest at location G (fig. 3). The rubble is
 

heavily iron-stained and cut by quartz veinlets. A sample with gossan 

fracture fillings (sample 85, table 10) contained slightly elevated 

values of cobalt, copper, molybdenum, and tungsten. 
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-FIGURE 10. - Ground water seep at location F. 
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TABLE 8. - Analysisl of spring sediment at location F 

Sampl e 192 
NDAg....................... 


Cd. ppm 18 

........................ ND
 
Fe..pct........................ 23.72
 
Mn.pct *........... ..... 0.99
 

C.ppm 


....... 
Ni ppm232....................... 


Nn 
Sn. * ppm........................ | 12 
W... ... ..... . I 42ppm............ 

Zn. ppm...... . ........ *90... . 237 

ND Not detected. 
1Analysis by Los Alamos (NM) Scientific Laboratory using neutron 

activation for Co, Fe, Mn, Ni, and Zn, and X-ray fluorescence for Ag, 
Cd, Cu, Pb, Sn, and W. 

NOTE.--See figure 11 for sample location. 
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TARLE q. - Analytical resultsl of additional soil and strean sediment sampl es from 
various locations in the western Crazy Mountains 

SanplelAg, I Co, ICU, Mo, Pb,W Sn7iW Zn, ISanpie Description
IMI pp pm Rppm!!inIlppII ppm type _ _ _ _ 

T1TJ.. I N1I 8.1 21 NDI Nn1 Nl NDT 1301 Sed Sandstone and shale. 
113...| ND! 10.91 271 ND| ND Nnj NDI 1401 Sed lArgillite, sandstone, and 

I I I I conglomerate. 
114... Nn 11.5 20 Nnl 20 Nf 241 630 Sed Snow cover. 
115... ND 11. 21 23 NDI ND ND ND 12n Sed nO. 
116... NDI 12.5 27 NDI Nn Nn NDI 68 Sed None. 
117...! Nl 1n.31 25. NO ND NDI NDI 76 Sed ISnow cover. 
118...| NDl 8.3 2n0 NDl ND ND! ND| 751 Sed lAbundant shale grading to 

I I I I I phyllite. 
119... NDI16.6! 39j Nn| ND| ND ND! -671 Sed |Shale and minor limestone. 
12n... ND 11.31 4n ND Nf ND Nl 671 Sed Shale chips and abundant 

I I I I I I I organics. 
121... ND 12.41 381 Nf ND Nfnl NnI 641 Sed Shale, conglomerate, and 

I I I I I S i greenstone.
122 ... 1 NnI NA| 281 ND' ND| N NA' 37 Soil From gossan zone in brecciated 

I I I 1 | l % | | silicified argillite with 
II I I I I abundant quartz veining.

1
123...1 ND 10.2 281 Nn ND| ND ND 921 Sed Argillite and shale, some 
I I I I I I I I dolomite and quartz. 

124...! Nnf 11.11 361 Nnj Nnl Nnf NDI 681 Sed jArgillite and chert. 
125...1 NnD NAI 421 ND| ND! NA| NA| 52! Sed ISlide area of dark green 

I I I I I I I I | porphyritic mafic rock and 
I I I I I I I | vuqgy gray chert-phyllite.

126... Nnj 10.3 261 ND| Nnl Nnl Nn! 1601 Sed IShale, quartzite, and sand-
Nfl	 II I I I . | stone, all with abundantI 1
 

28' NfIl quartz veining. 
127 J Nn 11.2 281 ND N ND ND 150 Sed Phyllite and cobbles of 

I I l l l | l | siliceous conglomerate.
128. .I Nnf14.51 3n0 Nnl NDl Nnl ND! 1251 Sed IShale and conglomerate. 
129...! 	 NDl 10.31 281 NDI Nnl NnI ND! 3901 Sed |Limestone, dolomite,. argil-

I I I I I I I |I | jite, sandstone, and con-
I I I I l l I| |I glomerate. 

l13(). NnI12.9 25N ND NnjNnf 1251 Sed Shale, conglomerate, and 
I I II I Iminor black limestone. 

131 NDI 24.2! 30 NDl 151 N NDl 270 Sed Conglomerate and shale. 
132 . I NA! 5n 150 ND 1001 NDO NDl 1,000 Sed | Do.
 
1332..1 ND! 10.41 38 NA 6!n ND ND 594 Sed !nrganic silty sand.
 
134...! NA 3n I 7n Nn! ND Nn! ND Nnl! Sed Shale and sandstone.
 
135.. ND NA| 14 Nfl ND NAI NA 981 Sed Shale and conglomerate float
 

I I I | |I | I| t in a highly iron-stained 
I l I I I Il l I I creek bed. 

136...! INDINAI 2n0 ND! DlNA NAI 110 Sed Shale and conglomerate float 
I I I 'I I I in a highly iron-stained 

10. 20IN I N | | creek bed. 
137.71 Nl' 10.7 2 0n NDfl 91! Sed lOrganics in creek bed with 

IIIII 1 	 I I shale chips.
See explanatory notes at end of tabl9e> 
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Analytical resultsl of additional soil and stream sediment samiples from various 
locations in the western Crazy Mountains--Continued 

Samiple1~gI To,,ru, Mo Wjr Sn, W Zn,SISamipl el flescription 
I__ppmI pm ppm~ppm !ppm ppmflppm I type I____________ 

38.0.1 Nnl NA 3~7I T1ThTAI NAI 1351ISed IShal e. 
139...!I 	 NDt NA! 30! ND l5J NAI NAI 1201 Sed Shale and cher't-pebble con-

I I I NI N!gl omerate. 
140... NnI) NA 281ND 251 NA! A 1501 Sed no.
 
141...! Nnl! 11.51 541 NDI 25 ND! Nn! 1201 Sed IDo.
 
142...!I NDl NAI 52! mnf 20 NAI NAI 831 Soi-l ISoil from area of limonite-


I I I I I I I I~~~~coated gray chert with quartz
II I I I I I I I~~~v eining.

143... 1 ND! NA! 21 1 ND! ND! NAI NA 1601 Sed lConglomerate in iron-stained 
I I I I I I creek bed. 

144...!I 	ND! NA! 17! ND! ND NA! NA M30 Sed I Do.
145 ..Nnj MAI291 N 20 NANA 150j Sed I~ale with minor vein quartz

I I I I and cet 
146...! ND! 12.8 41! ND 25 ND! ND! 1501 Sed mark gray shale, taken below 

II ~ ~I I I- limonitic outcrop of con-
I II I I I I gl onerate. 

147...!I 	ND! NA! 23! Nn! 15! NA! NA! 108! Sed 1lron-stained, organic-rich
 

I I 23 2! I I I sediment. 
1492..! ND! ND! 701 ND! sol ND! ND! Nn! Sed IShale and sandstone.
 
15n...! NDl NA! 14! Nn! 25! NA NA! 104! Sed N~one.
 
1512..! NDI 2fl 150! ND! 70! NDl ND -.ND! Sedt ISilty organics.

152...! ND! 10.7! 30 ND 30! ND ND! 202! Sed j0range algae and organic-rich


I I -! I I I I~~~~sediment, taken below outcrop 
153...! I I I j ~~~~~~ofI chert brecci a.
 

153.. IND! NA! 20 ND 25! NA! NA 150! Sed IShale and limonitic con-

I I II I 	 I glomer ate. 

154...! 	 Nn! NA! 22 NDl 25! NA! NA 155! Sed ICreek bed with shale below
 
II ~I II joutcrop of cherty shale with 

I~ ~ I I I I abundant quartz veining.
155... Nfl! NA 30! Nfl 50j NA! NA 286! Sed IShale and conglomerate.

156...! Nn! NA! 25! ND! 67! NA! NA 879! Soil !Soil from area of faulted and 
I ~~I I I Isheared sandstone and conglomerate.

15;7...! Nnl NA! 32 NO 4N A! NA 3881 Sail !Nearby rubble of iron-stained, 
I I ch ert-pebble conglomerate and 

I ~ I ~ ~ ~~ A N'Isandstone. 
158...!I ND! NA! 17! D 20! A A 59!1 Soil ITaken from frost-boil with shale 

I II I I I I I I fragments.
159...! ND! NA1 20! ND! 25! NA! NA! 2071 Soil !Shale and conglomerate outcrops 

II I I I ! II nearby.
160...!I ND! NA 23 NDn 25! ND! NDl 1221 Soil ILimonitic clay and gossan zone 

161...I II 151I i or near limestone. 
161..1ND, NA 26! ND! 15 NA! NA 571 Soil ILimonitic soil zone above
 

ISee I chert bedrock.
___I___Iprobable 


ee-exp~iatory notes at end5ot ta 
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Analytical resultsl of additional soil and'strean sediment samples from various 
locations in the western Crazy Mountains--Continued 

Sanplel Ag,TMoPb,Co,. Cu, W, I Zn, e DescriptionTSn, WSampl 

Ippm ppm IPPM IppDpm 1ppm pp~m1 ppm typeI
 

162.TAI 271 N1 lNearby outcrops of grayND Soil chert 
1 I 2 N Iwith abundant' quartz veining. 

163... Nn NA 29 NDI 15 NAN A 68 Soil IShale chips in sample. 
i4 .. Nni 17 20 60 ITaken from frost boil withNA Nnl NA|NA Soil 


I I I I I shale fragments.

165...1 ND| NA| 121 ND!. 201 NA! NA 491 Soil Chert rubble in area. 
166...1 Nnl NA! 291 Nnl 20! NA! NA 421 Soil Soil with fragments of black 

I I I ND I I| |cherty shale. 
167...| ND NA! 14 ND| 201 NA| NA1 6n0 Soil I Do. 

I I I I II I cherty shale. 
169... Nn NA! 4n Nn 25 NA| NA! 138 Sed Shale and chert. 
17n... NMP NA 28 Nn 25 NA NAi 162 Sed NNone. 
171... Nn NA 29 Nn 15 NA NA! 142 Sed IShale. 
172...1 Nn NA 321 ND 20 NA NAI 99 Sed Do. 
173...! Nnl NA 371 NDI 15 NA! NA! 91 Soil Ilinvegetated zone of marble and 

I I I I I I black chert rubble. 
174... Nn! NA| 33 ND! ND! NA NA! 1181 Sed INone. 
175. 1 NnT NA! 31! ND! Nn! NA NA! 122! Sed I Do.
 
176...! ND NA! 26! NnT ND! NA NA! 861 Sed I Do.
 
177...! ND NA 361 ND| ND| NA NA 86! Soil ITaken from frost boil, con-


I glomerate and black shale 
I ~~~~~~~~~~~~floatarea.in 

178...! NT NA 6n ND! 165! NA NA! 895! Soil Green mafic intrusive rubble 
I | I I I I in area. 

179...! NDJ NAI 3n ND! 20! NA NA| RI Soil INearby rubble of chert-pebble 
I I I I I I I I I conglomerate.

18n0..l. N NA! 2nl NDI 201 NA NAI 1861 Soil IBlack shale rubble in area. 
181...! Nfl NA! 131 Nn! 40! NA NA! 159! Soil ITaken from frost-boil containing 

I I I | I chips of limonitic limestone. 
1822..! ND! Nfl 5 ND NND! ND ND! NnT Sed |None.
 
1832..! NAI ND 10 ND NT) NA NA! NA Sed I no.
 
1842..! NnT 30 | 150! ND! 50 ND! ND| NT) Sed IShale and chert.
 
185... 1 NA 35 Nn Nl NA NA! 119! Soil IReddish-brown soil in small
 

Il l I gulch.
186... ND! 9.5 341 ND 15 ND ND! 111 Sed lGray chert, shale, tan claystone,

I I l l l l! | !| and green and brown sandstone. 
187... ND! NA 15! ND 20! NA NA! 54 Soil ILight orange soil with chips 

I I I I ! I | I of sheared gray chert. 
188. 116| NA! 156 NDT 55! NA NA! 811 Soil IBedrock is gray fractured chert.
 
18q.: 1 NNn NA! 32 NnT 35! NA NA| 68 Sed IChert and shale.
 
ign... NnT NA! 21 NT) 15! NA NA! 82 Sed fno.
 
191 | NA! 5 Nnl ND! NA! NA! Soil ISoil from near iron-rich seep.
ND 505 

193...! Nn! NA! 28N NnT)NA! NA! 135 Sed IShale.
 
194... NDl NAI 191 NDI Nl NA1 NAI 581 Soil jOrganic-rich soil.
 
See explanatory notes at end of tab e.
 



Analytical resultsl of additional soil and stream sediment samples from various
 
locations in the western Crazy Mountains--Continued
 

Sample Ag, Co, ICU, IMo Pb, SnW, Zn, ISamplel Description 
!pPm Ipm pm Ip pm ppm ppm pm typeI 

195l - 9.5 Nn NDt Nn SedNn 21 20 68 Shale and chert. 
196... NDl NA 19 ND 15 NA. NA! 92 Sed Tan shale and vein quartz in 

I I I creek bed incised in black 
I shale bedrock. 

197... D 20.n 42 NA 11 ND 22 155 Sed Shale and chert with mafic 
I4 A N volcanic rock rubble. 

198... Nnf NA 351 Nf 15! NAI NA 88 Soil Soil with fragments of shale 
I I I I I I I I I and limestone. 

199...1 Nnl NAI 101 Nfl 151 NA! NA! 191 Soil 1Orange soil below outcrops of 
I I Il l | | | ~ |! Ilimonite-stained gray chert. 

?nO...l NDI MAI 351 NDI Nn A NA1 1191 SoilIgredrock is brecciated limonite-
I l NA! i Istained gray chert. 

201... I ND NAI 391 ND! 201 NAI NA! 107 Soil Shale and chert fragments in 
I I I I I I I I Isoil within small gulch.

202...J NDI NAI 141 NnP 3n0 NAI NA! 68 Soil Soil from contact area of 
I I I I I I I - shale and conglomerate.

203... Nnl NA 44 ND 35 NA| NA 336 Soil Soil from saddle on limestone 
I i ~~~~~~~~~~~~~ril dge.

20n43. 2.01 121 2n Nn 16 NA! NA 105 Sed IShale and chert.
 
2nf3l. 1.4! 15 1 34! ND! 32! NA! NA! 2701 Sed IFrozen gravel.
 
2n63 . j 4.01 9 1 151 ND! 17 NA! NA! 59 Soil ISlump area on hillside along


II I I I I I I I apossible fault zone. 
2073. 0.41 71 ! 3R8 NDl 23 NA NAI 8nn! Sed 111ack shale. 
2083..! 3.41 12 | 18! ND 20 NA NAI 150! Sed IFrozen gravel. 

0.2! I NA| 8151
2n03 . O 14 221 Nfl 20 NA Sed INone. 
2103..! 1.81 12 19 NDI 161 NAI NA! 581 Sed IRlack shale.
 
2113..l 0.2 12 24 Nnl 21! NAI NAI 1701 Sed IRlack shale and conglomerate.
 
2123 . 0.8| 11 11 NDO 20! NA| NA! 1451 Sed INone.
 
2133 2.6! 10 15 Nfl 13 NA NA 621 Sed ISilt and organics.

2143.. 4.8! 11 16 NDl 14 NA NA 761 Sed |Gravel derived from TOg.
 
2153 . 00.61 12 15 ND| 15 NA NA 76! Sed IShale.
 
2163.. 1.41 12 | 19! Nnl 141 NAI NA! 721 Sed INone.
 
2173..| 1.41 12 1 21! 2! 21! NA NAI 100! Sed Do.
 
2183.. 0.8! 2n I 38! 2! 23 NA NA! 120! Sed Chert, shale, and conglomerate.
 
2193..! 3.61 0 | 21 2 21 NA NAI 80! Sed Shale and conglomerate.
 
2203:.| 4.41 12 21! Nnl 16 NA|NA! 1001 Sed no.
n 

4.91 41 NDf 61 n 
222...! Nfl 24.71 30! Nfl 701 Nfl 71! 1,300! Sed |Conglomerate. 
223,1. 1 Nnl NA 27! Nfl 20! NA NAI 1151 Sed IShale and sandstone. 
2245..110.61 13 14! Nnl 34! NA! NAI 4301 Sed |Organics and silty sand. 
225 .. ! Nnl! NA 23 ND! 55 AINNA! 6161 Sed IConglomerate. 
2261. 3-fil ..... ND! NA ln5 IShale and vein quartz. 

2213 .| | 16! NA! NA! 1,3201 Sed Do.
 

3 20 18! NANI Sed 
2273 . 0.2 7| 33 ND! 17 NA NAI 145 Soil ITaken at toe of slope below 

I II I I quartzite rubble, abundant 

I 
II 
I 

I 
I I I 

I 
I III I 

| - carbonate precipitate 
surface. 

on 

See explanatory notes at endaf tasrae. 
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__________________ 

Analytical resultsl of additional soil and stream sediment samples from various 
locations in the western Crazy Mountains--Continued 

Sampl e Ag, co, Cu. Mo, P ISn,3W Zn, I DescriptionSamplel

2ppI ppm p ppm type I
Ipm 

22R .. 1.41 12 17 231 NA Sed andND AI 3301 Conglomerate shale. 
2293..I 6.61 8 1 37 3 531 NA NA 215 Sed jBlack-gray sarid overlying 

I I I contact of conglomerate
and shale. 

2 303.. 5.21 11 47 ND 35 NA NA 165 Sed Creek cuts shale bedrock below 
E I conglomerate contact. 

2313 1.21 8 24 ND 47 NA NA 120 Soil Red-colored soil with frag-
NAymentsNot___ ana of shale and conglomerate.

NA Not analyzed.
 
Nn Not detected. 
Sed Stream sediment sample.
1Uinless noted otherwise, Ag, Cu, Mo, Pb, and Zn were analyzed by atomic absorption 

by the Bureau's Reno (NV) Research Center. Sn and Wwere analyzed by X-ray 
fluorescence, and Co by neutron activation by Los Alamos (NM) Scientific Laboratory.

2Analyzed by -semi-quantitative emission spectrography.
3Analyzed for Ag, Co, Cu, Mo, Pb, and Zn by atomic absorption by Technical 

Services Laboratory (TSL), Spokane, WA. 

NOTE.--See figure 11 for sample locations. 



TABLE 10. - Analytical resultsl of additional rock sanpl es from various 
locations in the western Crazy Mountains 

Sampl eAgjCo, jCufo, PF n, W Zn, Description 
I ppm ppm 1 ppm ppm 1ppmPeppm ppmppm

85...1 NDn141. 51431 ND ND 14 ' Gossan in brecciated argillite
 
and chert with a few random
 

I I 1 quartz veinlets.
 
86... Nnfl24.1 52 15 110 ND ND 340 Chloritically-altered intermediate
 

I I to basic igneous intr6sive rock.
 
87... ND 16.nI13n ND ND ND 65 570 Volcanic(?) breccia seams in
 

III green shale.
 
88... ND! 2.1 31 ND NDl Nnl NDl 421 Gray limestone.
 
89... N 17.1 56 ND ND ND Nf 661 Intermediate volcanic.
 
gn9:.l ND 2.4 25 ND ND ND ND 39 Black siliceous shale and black
 

II I qu artzite.
 
91...l Nn 3.8 67 Nfl ND ND ND 92 Rlack siliceous shale.
 
92-... NND 7.8 5n1 151 65 Nf Nn 13- Iron-stained white chert breccia
 

II I I 1 I in a limonite and goethite matrix.
 
93... Nnl18.8 251 ND| ND 16 Nnf 1101 Light green argillite.
 
94... I Nn| 2.7 61 NnI ND NDI NDl 31 Light colored chert.
 
95-...I NnI 1.71 61 NDI Nn Nf1 ND 51 Gray chert.
 
96.. ND| 2.31 111 Nfl NnD Nnl Nfl 71 Vein quartz.
 
97... Nn12n.n 501 ND Nfl 171 27 351 Diabase.
 
98... Nnl 2.9 41 Nfl NDl NDI NDl 41 Highly altered (intrusive?) rock
 

I I I. I I I I with sulfides. 
99... NnD 5.3 441 NDl NDl Nnl NOl 701 Chip sample across a 200-ft-wide
 

I I I I I I outcrop of foliated black shale.
 
1010... NlI2n.OI 44! NDI NOl NDI ND lln1 Light green shale. 
1n1... ND! 2.61 211 NDl 3n NDONDl 43n Pyritic chert breccia and limestone 

I1 1 1 1 1 1 1 | beds. 
02.|1 ND| 2.41120 ND 3n Nfl Nfl 27 Fine-grained gray sandstone. 

1n3...I NDIlO.71 25 ND ND ND ND 640 Chip sample collected across a 
I I I I II I ISO50-ft-wide outcrop of iron-stained 

I I I ~~~~~~~polymictic conglomerate. 
104...l Nnj NAI 811 ND 301 NAI Nnl1 551 nnildentified. 
105... Nfl 8.51 101 Nln 25 ND NDl 57 Chips from conglomerate and 

I1 I quartzite strata. 
n06,.. N| 4.61 161 NDI ND ND 2n 52 Iron-stained, coarse-grained sand-


I!II I I I stone and conglomerate.
 
1n7..l Nfl 3.n 11I ND 15 ND Nf 42! Shale breccia. 
108.. Nl20.6A 41 ND 251 Nnl NDl 2,s5ni Iron-stained conglomerate and 

gossan.
109... ND 4.5 10 Nnl ND ND ND 1201 Siliceous black shale with quartz 

I 1 1 1 1 11 1I veining.
112 . |n.31 9 I 461 ND| 211 NA Nnj 67j Typical unaltered gritty black 

I~~I I I I shal e. 
1112.. 0n5119 351 Nnl 221 NA| 29 12n Chip sample across 10-ft-thick 

section of clean, unaltered 
n1 1 I black sh ale. 

NA Not an alyzed, 
___ 

Nn Not det ect ed. 
1 noted otherwise, Ag, Cu, Pb, and Zn were analyzed by atomic abosrptionTlnless 

by the Bureau's Reno (NV) Research Center. Sn and Wwere analyzed by X-ray
fluorescence, and Co by neutron activation by Los Alaamos (NM) Scientific 
Laboratory.

2Analyzed for Sn and Wby colorimetric procedures, and by atomic absorption 
for all other elements by Technical Services Laboratory (TSL), Spokane, WA. 

NOTE.--See figure 122 for sampl e locations. 
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Base adopted fnom U.S.G.S. 1:63,360 Circle ( D4,D-5) quadrangle i.153 
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X 100 Sample location Scale, mile 

Contour interval 500 feet 
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A porphyritic andesite stock (?) is poorly exposed in the creek valley 

approximately 3,000 ft to the east of location G. 

Other Locations 

Analytical results for miscellaneous rock samples are presented on
 

table 10 and located on figure 12. Stream sediment and soil sample results 

are listed on table 9 and shown on figure 11. The data indicate ad

ditional geochemical anomalies, primarily for zinc, occur in the western 

Crazy Mountains. No further investigation of any of these other sites 

was attempted during this project. 

SUMMARY AND RECOMMENDATIONS 

The trace element data coupled with the l~imited geologic and structural 

observations suggest that the fault contact zones between unit 1 of the 

conglomerate-sandstone-siltstone and unit 4 of chert-argillite-shale are 

particularly favorable for polymetallic mineralization. Cobalt and other 

metal values detected in spring precipitates at locations B and F and in 

soil samples suggest these metals are associated with the shale of unit 

4. Unit 4 is therefore recommended for additional stucd of cobalt reserve 

potenti al. 

It cannot be determined, however, whether the metals found are derived 

from potentially economic concentrations as primary mineralization at 

depth; or rather, are due to naturally occurring concentration of metal 

ions from low-grade alteration zones, or other bedrock sources having an 

abnormally high background of trace metals. Metal values found occur as 

either oxides associated with clay and gossan, or are contained with 

iron- and manganese-rich precipitates. It is not likely that the question 

can be answered by surficial examinations.
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Future investigations must be designed with the realization that exceed

ingly little bedrock is exposed. Consequently, the use of geophysical 

methods and eventually, drilling will be required. Soil grid surveys 

may be useful on sloped terrain, but not on leached ridge tops or valley 

floors. Further surface prospecting of the favorable fault and contact 

zones will likely produce additional geochemical targets similar to those 

described in this report. 

Geologic mapping in conjunction with general prospecting should be 

pursued throughout the renaining areas of the western Crazy Mountains not 

examined during the investigation. The relationship of the various rock 

units to each other must be resolved. Particular emphasis should address 

the geologic relationships of the mafic intrusions. The possibility 

that these mafic rocks in some way correlate with mineralization should 

be investigated. The mafic intrusive area near rock sample 86 is suggested 

for further study. 

The occurrence of low level tin and tungsten values in some altered rock 

and spring precipitate samples from the western Crazy Mountains is of 

interest and warrants further examination. Of six random samples analyzed 

for gold, (samples 19, 26, 28, 35, 49, and 59) three contained trace 

amounts. Further investigation of gold is recommended. 
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APPENDIX.--SAMPLE KEY
 

SaiE Tdo. San ple e no. Sanple Field no. [Samp eld no. aiplelField no. 
1.0..01 1118867 147.... 1Li118952 94.... wC12-,tTT 1141... WC12441 1118...I Wr 9969 
2 lL1R2..... 48 .... WCl2409 ... 189 WClI 2407U88 Wr I 22fi9 95..... 142 WClI 244n ...... 

..... 49 ..... WC1l24Ri 19: 1 so......3 l81 088 .... U18a950 96 WC 9994 143... WrI2434 

4..... 1118886 50.... Lil849 97.... WC 9996 144... WC12451 191...I 1WC12410 
5..... 118868 51.... WC12273 98.... W:12414 145... WC 8068 19? RE8134 
6..... 118885 52.... 1116783 99.... WC12417 146... WC 8066 1193...! WCl 2433 
7..... 118866 53.... 118851 linn... WClnnnn 1147 wr 80n69 1194... 1WC12432 
8...1..! WC12275 WC12258 WC 8258 148800n 195... wC12413I54.... 101... 4 
9..... 18873 ... WC12256 11n2... WCl2419 149... RE 8399 hi96...l Wr12436 
10... i18836 56.... WC12257 in3... WC 8ns9 15n... wC 872 IQ7 BE 8132 
11 clS 57 U1lh784 WC 8061 BE 8131 WC12435.... WC125CI5 .... in4 151 ::...! I 198:.... 
12.... WC12504 58.... 1116785 i105...! WC12453 m15o2...j. W 8n73 I 199... WC12415 
13.... WC12431 I 1179 1106...o WC 8n67 11153...l wC 8n82 11200... 97I!5 .... if WC 

14.. WC12524 I60n. 116790 110n7. WC12439 11T4. Wr 8083 112n0. Wcl24n8
 
15....I WC12429 1161....1 116782 1n8a...l WC 8n87 WC 8081 WC12418
:1155... 1202n... 

16....! WC12s25 1162.... 1 11565...I 1203...! 242n
118829 i0n9...! WC 8n85 WC12274 W1C 
17....! RE 813n 1163.... 118826 li1n...! 118833 11157... WC 8088 1204...! 1118896 
18....! SC12526 1164.... l 118827 111.1. 1U18834 11158... WC 8064 12n05... L118895 
19....! WC1243n I 65....j 118825 112...! BE 8174 1159... WC 80n3 1206...! Li18880 
2n....| RE 8128 I66....1 Li16786 1113...! BE 8173 11601...! WC 8n62 12n7... 1118893 
21....I WC11375 I 67....j 1118828 1114...l WC11429 1161... I WC12438 1208...! L118892 
22....! WC 8326 1 68....l WC12272 115... WC11428 11162...l WC12424 12n0...l Lil889n 
23.... WC12276 I69....! L1lR52 11116... BE 8172 163163W.. wC 8060 1210...! 118889 
24....! WC 8327 I 70....! L116031 11117... BE 8340 11164...j WC12423 1211...1 118888 
24A..1 WC 8327A1171...1 Lil8941 11118...! Wr.11427 11165...l WC12425 11212...1 118879 
25.... 118871 1172. 118942 1119.. ! BE 8339 11166... 1 WC 9984 11213...1 Lil8857 
26.... |116248 1173...!l WC12457 1!12n0... RE 8337 1167.. WC, 9981 I 214... 1L1l859 
27.... 116249 1174 ... WC12459 j 121.. BE 8336 1168... WC12426 I 215... 118860 
28.... 11625n 1175.... WC12455 I122...| WC11426 11169... |WC12427 |216... |118856 
29.... 116775 176....! 1118945 11123...1 RE 8547 11170..o WC12428 1217... 1118855 
30....l 16776 1 77. L1l6n32 124. BE 8546 1171. WC12405 11218... 1118854
 
31.... 116787 1178... 1125... RE 8548 11172.... |Wi12403 1 18853
! 118944 | 11219... 

32.... 1116788 17 ... WC12454 I126..1j BE 8331 11173... WC124n1 112?n...! 118877
 
33... 1 16778 180....! 1i18948 1127...1 BE 8332 I 174...! WCE 9980 I 221 18878
 
34.o |118831 181....! 118946 1128.. RE 8333 I 175... WC 9978 ! 222...! 1a 12260n
 
35.... 16779 1182....! WC12251 11129...! RE 8335 j 176...! WC 9979 1 223... 1WC12261
 
36.. 1 11883n 1183....I WC1246n 1113n...1 RE 8334 11177...1 WC 9977 11224...l 118875
 
37.|... Lil8832 I84 . WC12252 11131...! BE 8550 11178...l WC 9976 1225...! WC12259
 
38....1 116781 I85....! WC11425 11132...! BE 84n0 11179...1 WC 9989 1226...! I118874
 
39....! 1116780 86W.... wC 9975 1133... RE 8402 1180...! WC 9973 1227...l 1118835
 
4n....! 116247 87....! WC 9972 1134... BE 84nn 1lll...l WC 9971 11228...! 1118863 
41....! Wr,12253 I88....! WC 997n 1135... WlE12450 1182...! BE 8137 11229...l 1118841 
42....! WC12254 j89....l WC 9990 1136...! WC12449 11183... BE 8138 1123n...! 1118842 
43....1 WC 8077 1190....l WC 9985 1137...! 1Ii12444 184o.. RE 8136 11231...! 1118843 
44....| WC 8076 1191.... WC 9983 1138...! WC12445 11185... WC 9992 11232...! 1i18837 
4o....! WC 8n75 1192....! WC 9968 11139...! WC12447 11186... WC 9991 11233...! 1118838 
46....I WC 8079 11 .. liw 9993 140...] WC12443 187..4l WC 9966 11234...I 1118839 
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