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ASARCO Southwestern Exploration Division 

April 27, 1989 

d/5.S 

M.A. Miller 

Rawhide Project 
Planet District 
Mohave County, AZ 

Mr. Andy Nevin has supplied Asarco with some data on their Rawhide 
Project, which they have secured from Phelps Dodge. 

Please review this data and data which Andy from time-to-time will 
submit (such as the full geochem and drill data of PD) and decide 
if: 

I) The target in Section 24 

2) The pediment zone of Section 24/19 might be the 
type Asarco should get into. 

Plan on a field visit for firsthand knowledge. 

Nevin's crews are presently finishing up a staking job in the area. 

Also see Viva Gold Project in T12N, R14W. 

JDS:mek 

"1 / ' .  

/ James O. Sell 

cc: W.L. Kurtz 
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The Artillery Manganese District 
in West-Central Arizona 

by Jon E. Spencer 
Arizona Geological Survey 

Pure manganese is a grayish-white metal 
that resembles iron, but is harder and very 
brittle. These two elements lie side-by-side in 
the periodic table of the chemical elements 
andhave similar chemical behavior. Manga- 
nese is essential to modem industrial society. 
Iris a strategic and critical mineral primarily 
required for the production of steel, but also 
used in other commodities, such as some 
types of batteries. 

Manganese deposits are abundant in 
west-central Arizona and southeastern Cali- 
fornia, where they are scattered over an area 
of approximately 40,000 square kilometers, 
herein referred to as the western Arizona 
manganese province. Most of the deposits 
are vein deposits, which formed when min- 
eralizingaqueous fluids filled frac~lres wihhin 
host rocks and the minerals precipitated 
becauseofchemicalorphysicalchangeswihhin 
the fluid. The greatest amount of manga- 
nese, however, is in the stratiform manga- 
nese deposits in the Artillery Mountains. 
Stratiform deposits are deposits that are 
parallel to the enclosing sedimentary beds. 
The origin of the stratiform manganese de- 
posits in the Artillery Mountains is notwell 
understood, but may be related to low-tem- 
perature, alkaline, salinewater that flowed 
beneath pla ya s or lakes, which were presen 
in the area several million years ago. This 
same water may have caused potassium 
metasomatism, a chemical alteration during 
which the amount of potassium in the rock 
was greatly increased. 
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Figure 1. MineraIdistricts in the westernArizona manganeseprovince that have recordedmanganeseproducfion 
(see Table 1). Data from Davis (1957) and Keith and others (1983). 

The manganese deposits of the Artillery manganese district are the 
largest and perhaps only significant group of manganese deposits in 
the United States. This technical article describes the uses and 
economics of manganese, as well as the geologyand origin of manga- 
nese deposits within thisdistrict. 

USES AND ECONOMICS OF MANGANESE 

Manganese is the fourth most widely used metal in the United 
States, following iron, aluminum, and copper. It is an essential 
ingredient in steel: When added to iron, manganese acts as a 
deoxidizer that impedes the formationofdefects ("pinholes"); com- 
bines with residual sulfur and prevents the formation of iron sulfide, 
an impurity that detracts from the desired metallurgical properties of 
steel; and improves mechanical properties, such ashardness, strength, 
wear resistance, and rolling and forging qualities. Manganese is also 
used for dry-cell batteries, ceramics, bricks, agricultural fertilizers and 
fungicides, water and waste treatment, fueladditives, welding, and 
many otherprocesses and products (Weiss, 1977). 

Virtually all manganese used in the United States is imported (90 
percent) or obtained from recycling (10 percent). More than 800,000 

tons of manganese were imported in 1988 (the last year for which 
statistics are available), primarily as manganese ore, concentrated ore, 
andferromanganese. Ferromanganeseisa manganese-ironalloythat 
contains 78 percent manganese. In 1988, approximately 416,000 tons 
ofmanganesewere imported in the form of ferromanganese ata cost 
of $340 to $550per tonofmanganese. Most of thiswasimported from 
France and South Africa. In addition, 250,000 tons of manganese in 
the form of ore or concentrate, which contained an average of 48 
percent manganese, were imported from Gabon, Australia, Mexico, 
and Brazil at a cost of about $120 per ton of manganese (Jones, 1990). 

Although manganese deposits in western Arizona are not of 
sufficient grade or tonnage to mine them economically today, minor 
production from several mines in this area occurred intermittently 
duringmucho f this century. Most of theproducldonoccurredbetween 
1953 and 1955, when the U.S. government purchased manganese at 
depots in Arizona and New Mexico (Farnham and Stewart, 1958). 
Much of the manganese mined during this brief period still sits in a 
large black pile at a U.S. Bureau of Mines storage facility next to the 
railroad tracks just east of the town of Wenden in west-central 
Arizona. Iris part of theU.S, strategic- and critical-mineral stockpile 
that is intended to provide domestic manganese if foreign sources are 
suddenly cutoff. 

Arizona Geology, voL 21, no. 3, Pall 1991 9 



rv~esa b a s a l t - -  o °o- -'a- 

Cobwebb 
Basalt 
(~13 ra.y.} 
Vein and --------- / 

I ' -  fracture-hosted 
mangar~ese-----.__. 

Artillery ~ ; ~ ° ° o  2 o°~2 

S a n d s t o n e - -  ~ - ' ~ [ ~  

~ Sanderap Conglomerate 

___.--~- Stratiform manganese 

- - C h a p i n  Wash Ferma$ion 

Santa N~aria Peak 
Intrusien 1~20 m.yJ 

Artillery ~ormation 

5.0 m 

Figure 2. Schematic stratigraphf¢ ~t~rnn of ~b~e ~rpper Artillery Formation, 
overlymg pro-Quaternary strata, and m~ng~nese deposits. Data fram L~sky and 
Webber (1949), Spencer and others U 989a), and ~. E. Spencer (~rrpubEshed d~a). 

THE ARTILLERY MANGANESE DISTRICT 

Numerous small to moderately s~zed, low- to medium-grade 
manganese deposRs, many of which have recordedprodudion (KeRh 
and others, 1983), are presene in western Arizona and southeast- 
ernmost California (Figure 1) and make up the western Arizona 
manganese pro~4nce. Parts of the ArtiI?ery and adiacent Lincohn 
Ranch and Black Burro manganesedistricts containstra~orm man- 
ganese deposits. .In contrast, virtuaI]y all other deposits in &e 
province are vein and fracture-fiRing deposits ~a t  are typkally 
associa ted with calcRe andbarite. Both types of deposits a re known 
or suspected to be of Miocene age and probably formed .during or 
shortly afeer an episode of volcanism, normal faulting, and basin 
formationthatgreattymodified thegeologyand landscapeofwestem 
and southern Arizona (Spencer and Reyndds, 1989). 

The Artillery manganese district (Figure 1) con~x~sbothstrar~ form 
and vein manganese deposits that are hosted in Tertiary strata 
(Figures 2 and3). More ~an95 million pounds of mangan, ese have 
been produced from the district (Table 1; Keith and o~ers, 1983). 

Geologic Setting 

The manganese deposits of the ArtiIlery manganese dis~ct  are 
withina thick sec~aence ofsedimentaryandvokanic rocks (F~gure2) 
that are estimated to range in age from about 8 t~ 25 miJlion years 
(m.y.). The strata are tilted to the southwest, and the dip of the strata 
decrea sos stratigraphica~y upward. Strata at the base of the sequence 
dip approximately 30 ~ to 4G  whereas d~ps at the top of the sequence 

areappr0ximatdy 10 ° to2~ffigure3; Spencer and0thers, 198%). The 
upward-decreasing dip of the saquenceindkates ~at ~es~ra~a were 
deposRed during tilting. 

The Artillery manganese district lies above a gently northeast- 
dipping, large-displacement normal fault known as the Buckskin- 
RawNde detachment fault. This detachment faultis exposed aIong 
the southwestern side of the dis~ct  (Figure 3). Granitic and gneissic 
rocks below thedetachment faultwere displacedout frombeneaththe 
Artillery Mountains and ranges to fl~e east. Tilbng of strata in the 
Artillery Mountains was re~a£ed to movement on this underlying 
fault_ Normal faulting, ba sin forma~on, sedimenta tion, volcanism, 
and formation ofstra tiform manganese depositsall.oceurred wiR~r~ 
an approxirnatMy 10-m.y. period. 

The strata th, atmake up lhelower and middle part of the sequ~ence 
were designaled the Artillery Formation (Figure 2; Laskyand Webb.er, 
1949). TheArtiIlerymegabreccia, an enormous, catastrophic debAs- 
avalanche deposit .thai contains intact blocks of rock hundreds of 
meters across, forms the top unit of the Artillery Formafiom The 
formation is overlain by the Chopin Wash Farina lion, a characteris- 

ficallybrick-red sandstone that is black where it contains stratiform 
manganese. The Artillery Farina lion is cut by an igneous intrusion a t 
Santa Maria Peak that is, in turn, depositionally overlahn by the Chapin 
W~ash Formation. Biotite from the intrusion has been faced by the 
K-Ar metahod at 20.3 m.y. (R. Miller, oral commun., 1988). TheArtillery 
Formation, therefore, is older than approximately 20 m.y., and the 
ChapinWashFormationis younger. TheCobwebb Basalt, dated at 
13.3 m.y.bytheK-Ar method (Eberlyand Stardey, 1978), ovedies the 
Chopin Wash Formatior~, and is, in turn, overtain by the Sandwap 
Conglomerate. The Manganese Mesa basaltis mterbeddad with the 
Sandtrap Conglomerate and has been da~ed by the K-Ar method ae 
9.5 m.y. (ShafiquIlah and others, 1980). 

Strat~form Manganese  Deposi ts  

The ChapinWashFormationcontains targe, low-grade, stratiform 
manganese depositstha tare exposed intwo northwest-trendingbetts 
(Figure 3). The southwestern belt contains numerous lenses, up to 
several tens of meters thick, of manganiferous sandstone that are 
withinand separated bynonmanganiferoussandstone. Little mining 
has occurred within this zone. The northeastern belt contains a 5- 
kilometer-Iong zone of stra~ferm manganiferous sandstone and 
siltstone that ranges in thickness from a few meters to many tens of 
meters. Most of the manganese is, by far, in the northeastern belt. 

LaskyandWebber (1949) estimated that theChapinWashForma- 
lion contains a total ofatleast 200 milI~on tons of material averaging 
3 to.4percentmanganese, whichindudesabout2 to3 miltiontons of 
material containing rnere than 10 percent manganese. M0st0f this 
manganese consists of very fine-gained oxides within pore spaces in 
saMst~ne and siltstone. Approximately 15 miltion tons of material 
described as 'ha rd  ore" averages 6.5 percent manganese. Thehard 
ore }s recrystallized, possiblybeca use ofinteractionwith ground water 
long after the deposit originally formed. 

Table I. Recorded rrm~gar~ese 0 ~ )  productfon from mh~'raI dis triers {n the western 
Ar&_o~ rnanganeseprevfnce. Dafafrom Davis (1957) ~nd Kefth arm others (1983). 

MINERAL COUNTY MANGANESE 
DISTRICT PRODUCTION (LBS) 

Artery  Mohave 95,1.08,000 
Agmla Marimpa 42,457,000 
Lincoln Ranch La Paz 24,000,@~ 
Paymaster Imperial (Calif .)  24;N10,000_+ 8,~0,000 
Ironwood Riverside (Calif.) 12,800,000 _+ 7,200,000 
Little Mafia Mrs. Riverside (,Cali£) 10;[10O,000_+ 6/)[}0,000 
Bo,use La Paz 9,659,0C0 
Cress Roads San Bem&rdino {Calif.) 2,800,000+1,200,0g0 
Trigo Mrs. LaPaz 2,096,500 
Box Canyon Yavapai 1,W2,0~ 
NewWater* LaPaz 512,900 
BIa&Burr0 bIoMve 331,000 
ABC LaPaz 300A~O0 
Phne¢* La Paz 237,500 
Black Top Y ~  224,0110 
Yucca Mehave 175,400 
Kofa* Y ~  148,000 
FooLs Folly La Paz 1(15,700 
Harris Yavapai 100,500 
Ho,v~er Ytm~ 93,000 
Mesa Mohave 60,000 +20,000 
Black King Yuma 29.f)~ 
Eagle Tail La Paz 19,000 
Bonegas Mehave 15,000 

COMBINED TOTAL 226,273,500+ 22420,tt00 

*Most Mn p r o d a d i o n w a s  as a byproduct  of other metal production. 
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Vein Manganese Deposits 

Manyvein deposits of manganese oxides, 
calcite, and barite are within or near the 
northeasternbelt o f stratiform deposits (Fig- 
ure 3). Vein deposits in the northwestern 
part of this belt, at the Shannon mine and 
along faults nor th o f this mine, typically con- 
sistof fine-grained to microcrystalline man- 
ganese oxides and coarse white and black 
calcite. Manganese oxides form colloform 
(globular) encrustations up to 1 centimeter 
thick along fractures at the Shannon mine. 
These deposits arewithin theSandtrap Con- 
glomerate and interbedded 9.5-m.y.-old 
Manganese Mesa basalt (Spencer and oth- 
ers, 1989a). 

The Priceless mine, which is near the 
southeastern part of the northeasternbelt of 
stratiform manganese deposits, contains per- 
vasive, frac~re-filling, coUoform manganese- 
oxideencrustations up to I centimeter thick 
that are composed of ramsdellite and 
cryptomelane. A several-meter-thickbarite 
vein projects toward the mine from the north, 
but no barite is present at the mine. Near 
Black Diamond and Neeye mines, manga- 
nese oxides are withinnumerous subvertical 
veins of black, gray, and white calcite. Analy- 
sis of fluid inclusions within calcite, barite, 
and chalcedonic quartz associated with all of 
these vein deposits indicates that mineraliz- 
ing fluids were of fairly low salinity (0 to 3 
weight percent NaC1 equivalent; Figure 4; 
Spencer and others, 1989a). 

113 ° 37.5' 

Origin  of Deposi ts  ~ ] ~  

The origin of the stratiform deposits is 
unclear. Earlier studies CLaskyand Webber, 
1949; Mouat, 1962) indicated that manga- 
nese mineralization occurred at or near the 
Earth's surface and that surfacewater eroded 
sandy and silty manganiferous sediments 
and redeposited them within less manga- 
niferous or nonmanganiferous sediments. 
This indicates that manganese either was 
detrital (Lasky and Webber, 1949; Mouat, 
1962) or was deposited bychemicalprocesses 
sonear the surface thatmanganiferoussedi- 
mentswerelocally reworkedbysedimentary 
processes. 

The brick-red sandstone that hosts the 
manganese deposits in most of the Artillery 
Mountains is strongly altered by potassium (K) metasomatism (R. 
Koski, oralcommun., 1991). K metasomatism is thought to occur under 
low-temperature conditions in the presence of saline alkaline water 
beneath or near lakes or playas and occurred over large areasin west- 
central Arizona during the Miocene (e.g., Roddy and others, 1988; 
Spencer and others, 1989b). In some areas, K metasomatism has 
completely converted rocks to an assemblage of potassium feldspar, 
quartz, and hematite. Because K metasomatism can chemically 
modify large volumes of rock and apparently removes manganese, it 
seems feasible thatchemicalandhydrological conditions associated 
with this type of alteration could liberate, transport, and reconcentrate 
manganese (Roddy and others, 1988). 

The vein deposits are several million years younger than the 
stratiform deposits; thus, the two types arenotobviously related. The 
spatialassociationof the two deposits, however, suggests thatman- 
ganese in thevein depositswas derived from thestratiform deposits. 
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Figure 3. Simplified geologic map of the southern Artillery Mountains and adjacent areas. Data from Lasky 
and Webber (1949), Shackelford (1989), Spencer and others (1989a), B. Bryant (unpublished data), and J.E. 
Spencer (unpublished data). 

This movementofmanganese could be due to hydrothermal circula- 
tion associated with basaltic magmatism or to ground-water move- 
ment unrelated to magmatism. Four fluid inclusions inchalcedonic 
quartz from the Priceless mine formed ata minimum temperature of 
approximately 165°C, which is consistent with either mineralizing 
process. Mineralization, however, was not related to movement of 
basinbrines (10 to 25 weight percentNaC1 equivalent), such as those 
thatcaused detachment-fault-related mineralization (e.g., Roddyand 
others, 1988). 
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t h e G r a n d  C a n y o n ,  Rock-Eval  T O C  data ,  V a n  
K r e v l e n d i a g r a m s ,  b u r i a l - t e m p e r a t u r e  indi -  
ca to r s ,  o u t c r o p  m a p s ,  a n d  c l a y - m i n e r a l o g y  
d a t a  u s e d  to  p r e d i c t  oil  p o t e n t i a l  To p u r -  
c h a s e a  c o p y  of  Sedimentdogyand ShalePetrol- 
ogy of the Upper Proterozoic Watcott Member, 
Kwagunt Format ion, Cgmar Greup, Grand Can- 
yon, Arizona, w i t h  c o l o r  p l a t e s  a n d  v d l u m  
cove r ,  c o n t a c t  D a v i d  A.  C o o k  Dep t .  o f  Geol -  

ogy ,  Northern Arizona Universit); Flagstaff, 
AZ 86011; tel: (602) 774-3577. 
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GOLDSTONE SYNDICATE 
P.O. Box 14230 
Chicago, IL 60614 
312-528-4863 

CONFIDENTIAL 

Memo to Partners: ]'. Morrow Elias 
Bruce Hale 
Siegfried Muessig 
Bardon Stevenot 
John Schulz 

Re: RAWHIDE PROJECT, Progress Report 

From: Andrew E. Nevin, Manager February 25, 1989 

SUMMARY 

The quality and quantity of information acquired from Phelps Dodge were better 
than expected. As a result we have acquired 88 claims by staking and 56 by option for 
a total of 144. All are in the Bonanza and Little Kimble mine areas, Cleopatra Mining 
District, Mohave County, Arizona. 

The prospect is ready to drill for a detachment-type gold deposit. Shackelford, state 
geologists, and PD's people all recognized some degree of "stacked" detachment 
plates in the "basement" of the principal fault. I agree and have found that fractured 
and porous rocks are more prevalent in the '"oasement" than previously believed. 

The target is premised on high geochemical gold values associated with quartz, 
hematite and copper oxides in the main detachment fault, other high-angle faults, 
fractures and veins; on mineralogic concepts developed by Dr. Sidney A. Williams 
and others that a magnetite zone underlies some detachment-type ore bodies; and on 
a 100-gamma magnetic anomaly covering a 2,000 by 5,000-foot area. 

Work in progress consists of finalizing the letter-of-intent to option, recording the 
last of the claims staked, additional sampling and mapping, and selecting specific 
drill sites. I put this summary together to brief you on the project. I will be in touch 
by telephone for your advice. 

CLAIMS 

Location is 50 miles NE of Cyprus' Copperstone mine, or 5 miles west of Alamo 
Lake. Access is via dirt road from Yucca or Wikieup. 

Sections 22, 23 and 24, T 11 N, R 14 W, are completely covered, as are parts of adjacent 
Sections 13-15 and 25-27, same township. 88 of these were located; 56 acquired by 



letter of intent to lease and option from J. Smock and E. Marsh, Valentine, AZ, and J. 
Carlson of Kingman. They form a solid block without known open fractions. (See 
the various maps.) 

Terms with the lessors/optionors are a $5,000 payment due May 19, 1989; 10 year 
exploration lease renewable; sum of annual payments and work commitments starts 
at $17,000 and escalates to $24,000; upon production they get 2.5% NSR or we can buy 
them out for $1.25 million. 

Phelps Dodge has right of first refusal at the development stage. They have no 
interest in proceeding at present and acknowledge our right to partners in the 
exploration stage. 

HISTORY 

Cleopatra, Rawhide, Deer Trail and Cactus Queen mines have produced small 
tonnages (20,000 tons estimated) of Cu, Ag, Pb and Au ores. Some of the gold ores 
averaged between 0.4 and 0.5 ounce per ton. Main productive zone was directly 
related to the regional detachment fault that separates late Paleozoic silicified cherty 
carbonates in the upper plate from schists, argiUites, quartzites and gneisses in the 
lower. 

In the early 1980s PD, following reconnaissance by Sid Williams, began to acquire 
claims and options in a block which eventually reached 20 square miles. After 
considerable field work, including shallow air track and rotary holes and 3 diamond 
drill holes, PD began to drop claims in the mid-1980s, owing to disappointing results 
in the northern part of the block and to personnel changes and industry conditions. 

What caught our attention was that a magnetic survey had been recommended for 
the southern part of their block; it was run and it measured the type of anomaly they 
were looking for; however, it was never followed up. 

GEOLOGIC MODEL 

Williams and others have proposed that detachment-type ore fluids are sulfur 
defident. The observed gold-hematite-quartz-copper oxide assemblage can be 
underlain by a magnetite alteration zone. The gold was precipitated as the fluids 
moved upward by the higher oxidation state in the hematite-stable zone. 

Anthony Hauck and Phil Mathews of PD ran a mag survey over the southern half of 
the area in 1985. They used EDA equipment with base recording; they read 100-foot 
stations; smoothed the data with a computer program. 

They reported a 100-gamma high in the center of Section 24 (bordered on the north 
by the Bonanza and Cactus Queen mines) and 50-gamma highs in Section 22 (west of 
the Little Kimble mine). These are the anomalies we propose to test. 



GENERAL GEOLOGY 

The main detachment surface is a well-known regional feature and I understand it is 
dated at 15 to 23 M.Y. In general cherty carbonates, subsequently silicified, make up 
the erosion remnants of the upper plate and rest on rocks mapped as "mylonitic 
gneisses," with or without mylonite, quartz breccia, basal Chapin Wash landslide 
breccias, or mineralization incorporated in the fault zone as well. 

The lower plate or "basement" has not yet been scutinized as dosely as the upper 
plate. Prior workers have mapped some imbricate faults in the 't~asement" and I see 
evidence for at least three underlying Section 24. 

BASEMENT GEOLOGY 

Three rock types are present: 

(1) Amphibolite or chlorite-plagioclase schist; old tuff or andesite flow or sill; hard; 
dense; bleached near faults; present at SW corner Section 24 and w of Bonanza mine. 

(2) Quartzite-argillite series; layered, only slightly schistose; often altered to K-spar, 
sericite, illite-type clay; sometimes dense and sometimes highly porous. 

(3) Carbonate-shale or dirty limestone/dolomite series; layered; minor chert 
nodules; soft; usually fractured; recessive and does not crop out as much as others. 

There series are usually gently dipping, cut by late high-angle faults; low-angle faults 
which cut into and out of the layering surfaces; high-angle silicified zones and 
quartz-hematite-copper oxide veins. 

MINERALIZATION 

PD supplied geochem and assay data in the Bonanza mine area (this material is not 
included in this summary). Underground sampling produced values in the range of 
nil to about 0.5 ounces Au per ton; surface work showed values in the range of nil to 
several ppm Au. They did not work very much south and west of the Bonanza 
mine. 

Our sampling and report is included. Dump samples of the Little Kimble ran 1/4 
and 1/2 ounce; one sample in a wash was anomalous. Other analyses are still 
pending. 

In summary: almost all quartz has some traces of iron oxides; some has cavities after 
hematite; some quartz is drusy and inviting, and some looks metamorphic and 
sterile. The bleached zones, which are common, report less than 0.01 ppm Au. 
Quartz-hematite reports anomalous Au, especially where the quartz is drusy or the 
hematite exceeds 1% and copper oxide is present. 



WILDERNESS STUDY AREA 

The property lies in the Rawhide WSA, but outside BLM's recommended wilderness 
area (see attachments). 

ATTACHMENTS 

Recon basement geologic map, 1:12,000 
Claims and magnetic anomaly map, summary 
Assay certificate 
Arizona "Fieldnotes" on Copperstone and region, 3 pages 
Shackelford's geologic map, 2 p. 
Phelps Dodge reports: 
-- June 1984 memo, 3 p. 
- Geologic map, 2 p. 
-- Geochem maps, 2 p. 
- November 1984 memo, 11 p. 
- Mag lines and map, 3 p. 
Nevin-PD agreement, 2 p. 
BLM's EIS for WSA, 7 p. 
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Arizona Testing Laboratories 
817 West Madison Street [] Phoenix. Ar izona 85007 [] 602/254-6181 

For Andrew E. Nevin, Ph.D. 
Post Office Box 14230 
Chicago, IL 60614 

Date 

ASSAY CERTI FICATE 

February 17, 1989 

l - z ;  ,,v' r /z ~ y ~ 
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Arizona's annual gold output will almost 
double in 1988 as a result of production from 
Cyprus Minerals Company's Copperstone 
gold deposit in La Paz County, west-central 
Arizona. During 6 years o f ~  mine life, 
the deposit is predicted to yield appro~d- 
mately 510,000 troy ounces of gold worth 
$230 million, based on a value of $450 per 
ounce. Unlike many recent gold discoveries 
in the Southwest, Copperstone is a new 
discovery in an area not previously identified 
as a mineral district. In this article, the 
geology and regional setting of the Copper- 
stone deposit are described. Although the 
depo=t is s~ll not ~ understood. 
enough is known to warrant reassessment of 
estimates of mineral-resource potential in 
west-central Arizona. 

Regional Geologic Setllng 

West-central Arizona and adjacent areas of 
California and southern Nevada contain 
some of the most spectacularly exposed 
detadvnent faults in the world. The term 
"detachment fault" is commonly applied to 
k ~ g ~ m e n t ,  g e ~  ~ p p ~  (~rdned) 
normal faults. In this region, hanging-wall 
rocks, or rocks overlying the detachment 
fault~ were displaced northeastward rela~ve 
io fc~twall rocks, rod= that underlie the 
faults. The rau~ ~ ~ to the 

l - r ~ t ) ~ t ,  but are now rc~ated and waq~l to 
undulating su~'es that are nearly 

. . _ / h o r i z o n t a l  over large areas. 

The north- to northeast<lipping Moon 
Mountains detachment fault, exposed at the 
northern tip of the eastern Moon Mountains, 
separates two large, geologically distinct 
areas: to the northeast lie numerous detach- 
merit faults, such as those in the Buckskin, 
l ~ i d e ,  and northern Plomosa h~ountains; 
to the south, in the Dome Rock, southern 
Homosa, and most of the Moon hlountains, 
detachment faults are absent. The Copper- 
stone gold deposit lies within the hanging 
wall of the/Vtoon ~ detachment fault 
and flanl~ the area of pervasive faulUng. 

The Copperstone  Mine: 
Arizona's New Gold Producer 

Miocene (S- to 24.milliongear [m.y.]-old) 
detachment faults in west-central Arizona are 
associated with numerous copper, iron, and 
gold deposits, especially in the Buckskin and 
Rawhide Mountains, that have yielded metals 
worth many millions of dollars (F'~jure l ;  
Table 1 ;Willdns and Heidrick, 1982; Spencer 
and Welty, 1986). Copper~jold deposits 
associated with detachment faults typically 
lie along or within a few tens of meters of the 
faults; a few, however, are hundreds of 
meters above the faults. Detachment-fault 
deposits contain fractures and thick, irregu- 
lar zones that are commonly filled with the 

minerals specular hematite, chrysocolla, 
quartz, barite, fluorite, calcite, and manga- 
nese oxides. Pyre and chalcopydte, which 
are commonly oxidized, are also present in 
many deposits. 

The ~ m  tip o/the Moon/~Num- 
tains is primarily composed ~ Mesozoic (63- 
to 240-m.y.-oid) granitic rocks that form the 
footwall of the/~oon Mour~ins detachment 
fault. Hanging-wall rocks are mostly meta- 
morphosed Jurassic (13~ to 205-m.y.-old) 
volcanic rocks. Older (Paleozo~, 240- to 570- 
m.y.-old) metamorphosed sedimentary 
rocks that are brecdated (composed of 

HANGING-WALL ROCKS 

~ FOOTWALL ROCKS 

AREA OF MODERATE TO HIGH 
POTENTIAL FOR SHALLOWLY BURIED 
COPPERSTONE-TYPE DEPOSITS 

Z12 MINERAL DISTRICT 

Ill. O IO Lq~ :50 
I i i i 

Figure I. Map o[ part o[ mest.cenlral Arizona s l ~  mineral disUfcts w l a ~  mineral deposils ace lmou~ or 
suspected to be related to det.achnumt /'aults. Middle T e ~  and older rodcs are divided into hanging ~ and 
footwall roclc~ which lie nboue and below, respe~vel~ regionally ~ , d i p p i n g  delachme~ [aui~ Also shown 
is the oulline of the Cactus Plain and ~ Plain East WWdemess ShJdy Areax Numbe~ refer to mineral disO~k~,s 
listed in Table I. 
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Figure 2, Geologic map of  northeastern Moon Mountains showing location o f  CoAch.,one mine_. 

broken rock fra@ments) underlie Copper 
Peak; steeply dipping, younger (Miocene) 
volcanic and sedimenlary rocks, including 
sedimentary breccias derived from the 
Jurassic volcanic rocks, are also present 
adjacent to Copper Peak (Fgure 2). The 
copper-iron mineralization that characterizes 
detachment-fault deposits elsewhere in west- 
central Arizona is also evident in brecciated 
rocks along the Moon N~ountains detach- 
merit fault at Copper Peak and at the edge of 
the Color~io River Indian Reservation. 

Geology - 
The Copperstone mine is approximately 

1 ½ miles northeast of exposed bedrock in 
the northeastern/Vloon Mountains (Figure 
2). Bedrock exposures in several very small 
hills surrounded by alluvium contain evi- 
dence of gold minerarm~don and led to the 
discovery of the Copperstone deposit. 
hlinerai deposits are present above and 
a long  a gent ly dipping contact  that  is 
probably a fault; the contact separates 
Jurassic metamorphosed volcanic rocks 

and overlying sedimentary breccias derived 
from them. The mineralized contact zone 
dips approximately 30 ° to the northeast, 
extends horizontally for 3,000 feet and at 
least 1,000 feet down dip, and is generally 
several tens of feet thick. The sedimentary 
breccia and a volcanic rock that contains 
vesicles (relict gas bubbles) are almost 
certainlyMiocene in age and are mineralized, 
indicating that mineralization is Miocene or 
younger. 

Drill<ore samples reveal that some brecci- 
ation occurred after quartz veins were 
formed; however, numerous northwest- 
trending quartz~amethyst veins exposed in 
the mine pR are not brecciated. Steeply 
dipping, northwest-strildng fractures and 
narrow shear zones exposed in the mine pit 
locally cut quarlz-arnethyst veins and contain 
subhorizontal slickenside lineations, which 
are smooth and polished striations that result 
from friction along a fault plane. 

Gold is present where quartz and specular 
hematite are abundant in the breccia zone 
and locally within veins in the rnetamor- 

phosed volcanic rocks. Chrysocolla, barite, 
earthy red hematite, and malachite are also 
common in the gold-mineralized zone. 
Ruorite, adularia, magnetite, calcite, chal- 
copyrite, pyrite, and manganese oxides are 

• - present in smaller quantities. Gold, however, 
is rarely visible. The presence of quartz, 
hematite, and chrysocolla is a good indicator 
of gold mineralization. 

Ru[d-lnduslon Characte.r~tics 

Ruid inclusions are bubbles of liquid and 
gas that are commonly trapped inside 
minerals during mineral formation. The 
composiUon of fluid inclusions in mineral 
deposits reflects the composition of the 
aqueous fluids that formed the deposi~ One 
can determine the salinity of the inclusions 
by determining the freezing temperature of 
the fluid within them. The minimum temper- 
ature of the fluid at the lime it was Irdpped 
can be determined by heating the sample 
until the two phases (liquid and gas) in the 
inclusion become onp_ Fluid inclusions in 
quartz-amethyst from the Copperstone mine 
contain between 16 and 22 percent sodium- 
chloride equivalent (by weight) and were 
Uapped at minimum tempemlur~ between 
200 ° and 260 ° C These c h a r a c t e ~  are 
similar to ~ of other mineral deposits 
along Miocene detachment faults in west- 
central A~izona, but are ~llydilferent 
from those of most othe~ types of deposits, 
such as epithermal-vein gold deposits 
(F~ure 3; Wllkins and ~ 1986). 

Orion 
The following characteristics of the Cop- 

perstone deposit suggest that it originated 
from the same processes that formed 
mineral deposits along numerous other 
Miocene detachment faults: (I) fluid- 
inclusion salinifies and temperatures of 
entrapment; (2) abundant specular hemaUte 
with less abundant copper minerals such as 
chrysoc~ ~ ,  and ~ ;  (3) 
geographic proximity to a detachment fault;. 
and (4) probable Miocene age. Two charao 
terisUcs of ~e Coppersmne depos~ how 
ever, differ from those of other detachment- 
fault deposits:abundance of quare~methyst 
veins and abundance of gold. These authors...:. 
believe that most evidence at the Copper- 
stone deposit supports a relat ionship 
between mineralization and detachment 
faulting. 

A working model for the o6gin of the 
Copperstone deposit is as follows: hot, saline, 
aqueous fluk:[s containing-dissolved gold, 
copper, iron, and other elements moved up- 
dip along the north- to northeast<lipping 
Moon /V~ountain detachment fauiL These 
fluids encountered highlyporousand perme- 
able sedimentary breccias in the hanging 
wall of the detachment fault and began 
ascending through the breccia zone.. As a 
~u~ of ~x~ng or m~ng ~h more o~e~ 
rich, shallow-level ground water, largely 
within the sedimentary brecclas, gold and 
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Rgure 3. Diagram o[ salinity and homogenization temperature fields [or [ luid 
inclusions from several major mineral deposit~ including those associated u~th 
detachment faults. Ruid indusior~ ~om the ~ deposit deadg fall 
the field o[ other d#,achment-[auit-relat~ depos~¢ Mang geologists suspected that the 
C ~ e  depos~ was an epithermat.uein ~ as a[e mang other go~d deposits 
in the Southwest: lluid4ndusion data however, sm~ngtg suggest otlauu.dse. Modified 
from V~lkins and othe~ (1985), u~th additionai da~ flom the ~ mine 

Table 1. Value of production for commodil i~ from mineral distzicts in west-central 
Arizona that are known or suspected to be related to detachment faults. Manganese 
mineral deposits, although not dearly understood, are suspected to be related to 
detachment fau#S. Di~rict locations are shou~ on Rgure !. 

Distdct Commodities* 1986 Value** 

1. Copperaone ~u (reserves) $189306,900 
2. Alamo Cu, Pb, Ag, Au 72.303 
3. Genega Cu, Ag, Au - 5.571,167 
4. Clam Cu, Ag, Au 3,066,661 
5. UnoNn Ranch J~n 18.960,000 
6. Mammon Cu, ,'~g, Au 93,9 ! 3 
7. /V~ivrdy Cu, Ag, Au 43,743 
& Planet Cu, Ag, ~u 12.T/1~28 
9. Pdcle Cu, Ag, Au 37,679 

10. Swansea Cu, Ag, Au 17,471,085 
1 !. Black Burro Mn 261,490 
12. C3eopatm Cu, Pb, Ag, Au ],118A59 
13. Lead RI! Cu, Pb, Ag, Au 303365 
14. Mesa ~ 47,400 
15. Owen Cu, Pb, Zn,/~j 107,561 
16. Rawhide Cu. Pb. Zn. Ag 116,573 
17. Builard Cu, Ag, Au ! 363,481 
18. Burnt Well (unknown) (minor) 
19. Hards Mn 793g5 
20. Northern Plomosa Cu, Pb, Acj, Au 2,123,413 
21. Artflle~'y ~ 75,135~320 
22. Whipple Cu, Pb, Zn, ~ ,  ,~  r:~3,.5~ 

TOTAL $329335287 

* Ag = silvec Au = gold; Cu = ~ / ~  = manganm¢, Pb = lead; Zn = 
zinc. 

** Values do not add to total because of rounding. 

other elements precipitated from ~ fluids to 
form the Copperstone deposit. 

Implications for Land-Qse l:~anning 
and Management 

The presence of the C o p ~  gold 
deposit in a geologic setting that is character. 
isi~c of large areas of west-central Adzona • 
indicates that the mineral-resource p~Jmtial 
of this area in the State is greater than 
pcevkx~y suspected. 

The Coppemone deposit was probably 
not discovered until recentJy because it was 
almost entirely concealed by young surficial 
depos'ds. Undiscovered  mineral depos i t s  
similar to Coppers tone may also be con- 
cealed beneath other sulficial deposits, such 
as those covering nearby Cactus Plain 
( F~2ure l ). Application of more s o p h ~ e d  
geophysical techniques may eventually 
result in discovery of such deposits. Many 
areas in west~centml ~rizona, such as the 
Cactus Plain and Cactus Plain East Wilder- 
ness Study Areas, are presently under 
consideration for Federal wilderness-area 
status. If designated to be managed as 
wilderness, these areas would no longer be 
open to mineral exploration or  mining 
acU~y. 

Mineral deposits associated with detach- 
ment faults have only been recognized as a 
distinct deposit t~jpe during the past lO~a~rs. 
The ~ :ent  discovery of the Copperstone 
deposit and recognition of its association 
with a detachment fault are-generating 
renewed interest in detachment-fault-related 
deposits and in areas wbem such deposits 
might be located. Future improvements in 
our understanding of Adzona geology and 
future mineral-deposit discoveries will 
undoubtedly lead to renewed interest in 
areas that presently receive rmJe aaention 
from research or exploration geologis~ 
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Introduction 

As we have discussed, expenditures to date attri- 
butableto the Cleopatra Project are insufficient to fulfill 
the 1984 assessment requirement necessitating further work 
or abandonment of some claims. It seems appropriate to 
review at this time not only what need be done for the 
current assessment year, but also what the long term evalua- 
tion strategy might be. Among the factors that should be 
considered in the planning process are: I) that the mineral- 
ization at Cleopatra is of a type which can be quite impor- 
tant economically and toward which we are planning to direct 
considerable reconnaissance work; 2) that while we can 
identify mineralization of this type quite easily, we do not 
know what the essential criteria are by which to separate 
major deposits from minor occurrences; and 3) that 495 of 
the claims in the Cleopatra block were acquired barely a 
year ago and efforts to evaluate their mineral potential 
have been limited. All of these factors suggest that our 
approach should be systematic, well planned, and thorough in 
order to maximize our understanding of the deposit type and 
tO enhance exploration effectiveness locally and in the 
region. 

Recent Developments 

Since the 1983 annual progress report was written, 
the size and grade potential of the target type has been 
clarified by acquisition of information on Amoco's 
Copperstone discovery south of Parker, Arizona and by dis- 
cussions with Dr. S. A. Williams. The Copperstone deposit 
is reported to be at least 4 million tons of surface minable 
material at a grade of about 0.10 ounce per ton. The flat- 
lying mineralized zone is about 50 feet thick over a minable 
area 1,200 feet x 800 feet. The deposit continues to depth, 
so is geologically larger than the above tonnage. Dr. 
Williams has information derived from work for other cl~ents 
that suggests these deposits can grade up to 0.33 ounce gold 
per ton with tonnages in excess of 50 million. 
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The arroyo sediment survey is now complete and 
analysis of the results leads to the following conclusions. 
I) Anomalous gold values are confined to areas known to be 
mineralized, relieving any lingering doubts that there are 
any mineralized areas exposed on the surface which we have 
overlooked. 2) Lead anomalies, which are believed to be 
upper level manifestations gold mineralization, are present 
in the northern part of the claim block, Section 34, T. 12N., 
R.14W., and on the southern border of the block, Section 23, 
T.IIN., R. 14W. The Section 34 anomalie& coincide with an 
area which produced anomalous silver values from claim 
validation sampling, supporting the inference of gold miner- 
alization at depth. 

Target selection 

The two criteria necessary for devloping drilling 
targets on the property are: I) the presence of a major 
low-angle structure of a size sufficient to host a body of 
economic proportions, and 2) some indication that this 
structure is mineralized. Geologic mapping provides us with 
numerous areas for which the first criterion is fulfilled; 
the second criterion is the crux of the problem in target 
development. 

Two major hosting structures are known in the 
Cleopatra area, and at least one more is indicated. The 
known hosts are the detachment fault and the thrust fault 
which places Paleozoic sediments over the Mesozoic sequence. 
Exposed mineralization along both of these structures is 
limited in scope and discontinuous, providing no clear leads 
to follow under cover. If economic mineralization is 
present, these exposed examples are either satellitic or 
high-level manifestations of the orebody, requiring that our 
search be expanded laterally and to depth from known indica- 
tions. Other flat-lying structures may be present at 
reasonable depths as exemplified by the exposure of such a 
structure in Section 35, T. 11N., R. 14W., south of the claim 
block. This horizon projects under our property at reason- 
able depth (<1,500 feet) and could be the source of the 
Section 23 lead anomalies disclosed by the arroyo sediment 
survey. Stacked structures are common in the region and 
several may host economic mineralization. 

Recommendations 

Work recommended to complete the next phase of 
evaluation at Cleopatra includes performance of a ground 
magnetic survey and core drilling of six specific target 
areas. Completion of these tasks should provide sufficient 
information to bring us to the next decision point. 

A magnetic survey is recommended for the south 
part of the property where there are indications of buried, 
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mineralized structures as mentioned above. The area recom- 
mended for such a survey is included in Sections 11, 13, 14, 
15, 22, 23, and 24 of T. IIN., R. 14W., wherein the bedrock is 
composed of mylonitic gneiss. The survey should be easy and 

I inexpensive to run and Dr. S. A. Williams implied the tech- 
nique had been used successfully elsewhere. The mylonitic 
gneiss is mafic-poor, presenting a low background value over 
which anomalous values should be in marked contrast. Any 
anomalies so derived could then guide what would otherwise 
be blind drilling. 

Core drilling is recommended rather than percus- 
sion methods because intact samples provide so much more 
information about such factors as the presence of major 
faults, character and intensity of fracturing, and lithology 
and lithologic changes. The six target areas recommended 
for drilling (see attached: map) are given as follows in 
order of priority: I) one hole about 750 feet in depth 
located to the northeast of hole C-48 to test the lateral 
extent of mineralization at the Cleopatra Mine and also to 
test the detachment surface below; 2) a hole about 1,500 to 
2,000 feet deep in Section 34, T.12N., R. 14W., to test the 
detachment surface at depth beneath the area of the lead and 
silver anomalies mentioned earlier; 3) a 500 to 750 foot 
hole in the Rawhide North area to test the detachment 
surface beneath this area of scattered, widespread mineral- 
ization; 4) a hole about 1,000 feet deep in the southwest 
part of the claim block (Section 23, T. IIN., R. 14W.) to 
explore buried, flat-lying structures in the vicinity of the 
above mentioned lead anomalies in that area; 5) one or two 
200-foot holes in the Bonanza Mine area to test the extent 
of high grade gold mineralization exposed in the workings 
and to test the detachment surface beneath those workings; 
and 6) a 200 foot hole in the Cactus Queen area to test the 
extent of mineralization in both the Mesozoic metasediments 
and the underlying detachment surface. 

The proposed drilling, if performed near the end 
of August, would fulfill assessment work requirements for 
1984 and 1985. Only rehabilitative road work and site 
preparation would be required, except for the hole(s) in the 
Bonanza area, which would require 24 hours or so of road 
building. 
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SUMMARY 

The Cleopatra Project, located about 65 miles south- 
southwest of Kingman, Arizona, is being explored for large gold 
deposits of low to moderate grade. Potential size and grade range 
up to 50 million tons and 0.33 ounce gold per ton. Mineralization 
present at the property consists of quartz, gold, hematite, 
chlorite, fluorite, and copper minerals. Recent information indi- 
cates deposits of economic significance will be hosted by mylonitic 
gneiss in the footwalls of major low-angle structures. Similar 
mineralization is often present on high-angle faults in the hanging 
walls. Such mineralization is widespread in the upper plate of at 
least one such structure at Cleopatra. Magnetite is present 
beneath known deposits of this type, and ground magnetic surveys 
have proven useful in their discovery and delimitation. 

Previous work concentrated on evaluation of surface 
mineralization, mostly in upper plate rocks. Recent work included 
geologic mapping, a stream sediment survey, and an orientation 
magnetic survey, and was directed at a comprehensive evaluation of 
property and delimitation of target areas. Mapping outlined favor- 
able structures, and the stream sediment survey produced some 
interesting geochemical anomalies which indicate mineralization at 
depth. The orientation magnetic survey suggested that the techni- 
que is applicable for at least part of the project area. 

Recommendations for future work include completion of the 
magnetic survey and drilling of at least four target areas. Core 
drilling a total of 4,500 feet is proposed, ~and the targets were 
selected for the presence of a favorable structure at depth in 
conjunction with some indication of mineralization in the overlying 
area. The proposed work is considered the minimum necessary to 
adequately evaluate the property in its present state. 

INTRODUCTION 

Recent discoveries of deposits similar to our target at 

Cleopatra provide a greater understanding of its essential 

characteristics and increase its size and grade potential as well. 

Amoco's Copperstone deposit, south of Parker, Arizona, is reported 

to contain at least i0 million tons of material grading 0.i0 ounce 

gold per ton in a body measuring 1,200 feet by 800 feet with a 

75-foot thickness. Those dimensions, however, only represent that 

portion of the deposit which is surface mineable. Unconfirmed 

reports suggest that grade and tonnage potentials are as high as 

0.33 ounce gold per ton and 50 million tons, respectively, making 

the target extremely attractive. 
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The project area exhibits many of the essential features 

of this deposit type, outlined by Williams (1984), which include I) 

the presence of low-angle detachment faulting, 2) a mylonitized 

lower plate approximating microcline granite in composition, 3) 

gold-bearing mineralization composed of quartz, hematite, and 

copper minerals with iron-rich chlorites and fluorite erratically 

present and 4) lead-silver mineralization of quartz, chlorite, 

fluorite, hematite, galena, spalerlte, barite, and calcite filling 

extensional fractures in the upper plate overlying the gold miner- 

alization. Another characteristic of the deposit type is that 

economic mineralization is almost always confined to the footwall 

of detachment faults. This realization has only recently shifted 

emphasis to the lower plate at the property; previous work concen- 

trated on evaluation of mineralization in the upper plate rocks. A 

schematic diagram of the geologic model is given in Figure 9. 

HISTORY 

Current interest in the area was generated by reconnais- 

sance work as reported in DuHamel (1981). Property positions 

were established in two portions of the area: those near the 

Cleopatra and Rawhide mines. A program of 37 rotary drill holes 

was completed in the Cleopatra area during 1982, and while most of 

the holes were barren, one on the outside of the grid bottomed in 

ore-grade material (Applebaum, 1982b). Additional claims were 

staked in 1983 to consolidate the two project areas into one, now 

called Cleopatra. A drilling program totaling 5,892.5 feet of 

reverse circulation drilling on 24 sites was completed to: follow- 

up the previous drilling, test more deeply in the same area, and 

test several other mineralized areas. No significant intervals of 

mineralization were encountered in any of the holes (Zimmerman, 

1983). Subsequently, the entire claim block has been geologically 

mapped, and rock-chip geochemical grid surveys have been performed. 

The mapping led to a comprehensive understanding of the geologic 

framework and the location of exposed mineralization and con- 

trolling structures along which additional mineralization might be 

found (Zimmerman, 1984). The geochemical surveys demonstrated that 
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gold mineralization was confined to areas with visible showings 

(Zimmerman, 1983). 

LOCATION 

The Cleopatra Project is located 65 miles south-southwest 

of Kingman in Mohave County, Arizona (see Figure I). Access is 

available via county roads from either Yucca on Interstate Highwal 

40 or Wikieup on U. S. Highway 93. From Yucca, follow the Alamo 

Lake road directly to the property. From Wikieup, take the Chicken 

Springs road which joins the Alamo road after a distance of some 15 

miles. 

PROPERTY 

The property consists of a contiguous claim block com- 

prising seven patented claims and 638 unpatented claims (Figure 2). 

The patented claims are leased from William Thompson, et. al. of 

8681 Katella Avenue, Stanton, California 90680. Earlier in the 

year, some additional claims were staked in the southwest corner-of 

the block to cover some recently available ground, and a noncon- 

tiguous block to the west of the present block was dropped. 

GEOLOGY 

Geologic Setting 

The geologic setting of the project area is largely the 

result of a major tectonic event of extensional movement which 

culminated in the mid-Tertiary (Reynolds, 1980). This event is 

manifested in a major low-angle (detachment) fault separating upper 

and lower plates of contrasting lithology and deformational style 

(Rehrig and Reynolds, 1980). The upper plate is composed of 

Precambrian, Paleozoic, Mesozoic, and Tertiary sedimentary, intru- 

sive, and volcanic rocks which responded brittlely to the exten- 

sional stress, primarily through normal faulting. The lower plate 

consists of gneiss, probably Precambrian, which initially responded 

plastically to imposed stress, but as depth of burial decreased 

shearing and mylonitization predominated. The detachment fault, 

then, formed the boundary between these two deformational regimes 

(Davis, et al., 1980). 

Currently, the bedrock geology in the southwestern 

portion of the property consists of lower plate mylonitic gneisses, 
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while the upper plate rocks are exposed mainly in the north and 

east (Figure 8). Erosion, deposition, and faulting that postdate 

the mid-Tertiary event complicate the geologic picture and make 

correlation of upper plate lithologies somewhat difficult. Also, 

at least one thrust faulting event predated the detachment event, 

producing another set of low-angle faults. There may be additional 

detachment faults underneath the main one and that greatly affects 

the potential for mineralization at depth as discussed below. 

Stacked deposits of this type are known, and an additional 

low-angle fault is present a few miles south of the property. 

Mineralization 

Mineralization at Cleopatra and throughout the detachment 

terrain of western Arizona is spatially and temporally, if not 

genetically related to the detachment event. Mineralized occur- 

rences are most commonly found in close vertical proximity to the 

detachment fault, and all of the known deposits of significant• size 

are at or below that level. The fluids responsible for the miner- 

alization were most likely essentially metamorphic fluids derived 

from chemical and physical changes in ~he mylonitic gneisses coeval 

with the tectonic event. These fluids moved upward along fractures 

and faults, forming mineral deposits, with oxidation as the primary 

mechanism for precipitation. Gold was deposited with quartz in the 

oxidation zone which is characterized as the transition zone 

between magnetite and hematite as the dominant iron oxide species. 

The process of mineralization was rather passive, relying 

on open spaces as depositional sites. High-angle faults in both 

upper and lower plate rocks provided open spaces necessary for 

deposition, but the volume of mineralized material along such 

structures is economically unimportant. However, mylonitization 

along the detachment fault extends to several hundred feet in 

depth, creating a large potential volume available for mineral 

deposition. Significant deposits resulted where such a volume of 

porous, permeable rock was exposed to the depositional portion of 

the hydrothermal system for an extended time period. Key elements 

of a productive zone are pervasive silicification, detectable gold, 
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and the proper oxidation conditions as reflected in iron 

partitioning between the phases chlorite, magnetite, and hematite. 

Mineralization on the property is difficult to 

characterize because of its intimate association with metamorphism 

and cataclasis. Gold mineralization is usually accompanied by 

silica/quartz, chlorite, hematite, fluorite, and copper minerals. 

The gold is submicroscopic and native, grading up to 0.73 ounce per 

ton in hand specimen. Copper exhibits a close association with 

gold and occurs typically as malachite and chrysocolla, although 

chalcopyrite probably predominated prior to surface oxidation. 

At higher levels in the mineralizing system, the mineral- 

ization changes and becomes more silver-rich. This mineralization 

is confined to fractures, mostly high-angle, and is composed of 

galena, copper minerals, quartz, calcite, barite~ and fluorite. 

Silver grades from hand-picked samples can be in excess of 10 

ounces per ton, but the best example of this mineralization on the 

property consists of 2 million tons grading 2 ounces silver per ton 

(DuHamel, 1983). This higher-level mineral suite is not of 

interest per se, but it is a good indication of gold mineralization 

at depth. 

RECENT WORK 

Work completed since the last annual report includes com- 

pletion of the geologic map, a stream sediment survey, and an 

orientation ground magnetic survey. In addition to completion of 

coverage, the geologic map (Figure 8) was refined with the separa- 

tion of the Mesozoic and Tertiary into differentiated units. The 

Mesozoic rocks were divisible into two categories: sedimentary and 

volcanic. The Tertiary was broken down into Artillery Formation, 

Chapin Wash Formation, and Sandtrap Formation, based on previous 

work by Shakelford (1976) and Lasky and Webber (1944). The Chapin 

Wash Formation was further divided into upper and lower members. 

These subdivision5 are particularly useful in the case of the 

Tertiary because the Artillery is pretectonic, the Sandtrap is 

posttectonic and the Chapin Wash seems to be syntectonic. 

The stream sediment survey was completed by Richard E. 

Cribbs, a geological consultant, whose report is given in Appendix 
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B. The survey was designed to detect large areas of low-grade gold 

mineralization by sampling unsorted alluvial material in tertiary 

drainages. Some anomalous gold and copper values were detected as 

shown in Figures 11 an6 13, respectively, but the highs are located 

in areas already known to exhibit gold-copper mineralization. More 

significantly, anomalous lead values are present in the extreme 

northern and southern areas of the claim block, as shown in Figure 

12. These anomalies probably represent the lead- and silver-bear- 

ing mineralization previously discussed as indicating gold mineral- 

ization at depth, and as such, are quite interesting. 

An orientation, ground magnetic survey was performed by 

Corporation personnel under the direction of A. M. Hauck, III. 

Ground magnetic surveys have been instrumental in the discovery and 

delimitation of this type of deposit elsewhere because the hematite 

associated with gold f~fheralization is known to pass into magnetite 

at depth. The orientation survey was designed to test the efficacy 

of the technique on the property, as previously recommended 

(Zimmerman, 1984). The results of that survey, shown in Figure 10, 

demonstrate that the bedrock in the area has a background value 

which is sufficiently low to allow the anomalous zones to stand in 

marked contrast. Of the results, Hauck (1984) concludes, "The 

orientation survey results indicate that additional surveys over 

the remaining six sections to the south will be in order." The 

additional work is essential in guiding'evaluation of the area over 

which the work is recommended. 

DISCUSSION 

A comprehensive framework for the evaluation of the 

property's potential is possible due to advances in our knowledge 

of the mineralizing system and the geology of the property. Two 

criteria are necessary for the development of drilling targets, as 

discussed in Zimmerman (1984): I) the presence of a major 

low-angle fault with lower plate gneiss as its footwall and 2) the 

area must have some indication of mineralization. The detachment 

fault known to underlie upper plate rocks in the north and east 

portions of the property fulfills the first criterion and is the 

most obvious structural target. However, another low-angle 
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structure is present in outcrop south of the property and projects 

under the entire property; others are very likely present. Indica- 

tions of mineralization include silver- and gold-bearing mineral- 

ization on high-angle structures, lead or silver anomalies in geo- 

chemical samples, and magnetic anomalies, especially broad ones in 

lower plate gneiss. 

The nature of the proposed targets strongly influences 

the manner in which they should be tested. The "orebodies" should 

be essentially flat lying with short dimensions of at least 1,000 

feet and long dimensions in excess of 2,000 feet. In addition, the 

halo of marginal material should be much larger and yet still 

discernable. A single diamond drill hole tells a great deal about 

the potential of a large surrounding area for hosting a deposit of 

mineable proportions. Thus, t~e specific areas recommended need 

only one core hole to determine whether further drilling is 

-warranted; many rotary holes would be required to test the same 

area. 

Specific areas that require testing include the Cleopatra 

area, the Rawhide North area, the area of anomalous lead and silver 

values from geochemical sampling in Section 34, and the Little 

Kimble Mine area in the south, Section 23, where both gold mineral- 

ization and lead geochemical anomalies are present (Figures 8 and 

14). Other mineralized areas are not recommended for testing at 

this time either because significant mineralization at depth is 

contraindicated or because they are substantially on adversely held 

ground. Other targets might result from completion of the ground 

magnetic survey, and substantiation of additional low-angle 

structures in the lower plate gneiss would necessitate the 

reevaluation of the entire area. 
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COST SUMMARY 

Given below is a summary of the expenditures on the 

project through September for 1984, added to the total spent on the 

project since its inception: 

Wages and Benefits - $ 
Travel and Business 
Consulting Fees: Geochemical Survey 
Road and Site Work 
Land Payments 
All Other Expenses 

Total $ 
Total Expenditures to Date 

CONCLUSIONS AND RECOMMENDATIONS 

1984 Previousl[ 
37,091 
4,733 
5,887 

20,267 
5,000 
4,682 

77,660 $386,032 
$463,692 

Further work is necessary to adequately evaluate the gold 

potential of the Cleopatra property. Completion of the ground 

magnetic survey is recommended prior to any further drilling for 

reasons discussed above. Four target areas have been selected for 

core drilling and others may be indicated by the magnetic survey. 

Drilling currently recommended includes: I) a hole ca. 750 feet 

deep in the Cleopatra area to test the detachment surface beneath 

this area of abundant mineral showings; 2) a hole ca. 1,500 feet 

deep in Section 34, T.12N., R.14W., to test the detachment surface 

beneath this area of anomalous lead and silver values from geo- 

chemical samples; 3) a hole ca. 750 feet deep to test the detach- 

ment surface in the south part of the Rawhide North area; and 4) a 

hole ca. 1,500 feet deep in the Little Kimble area to test for 

additional low-angle structures in the lower plate near gold miner- 

alization and lead anomalies from geochemical sampling. A proposed 

budget of the recommended activities is given below. These 

proposals represent the minimum work required such that if the 

results of all proposed work are negative, the project could be 

considered adequately evaluated. 

PROPOSED BUDGET 

Drilling: 4,500 feet 
Ground Magnetic Survey 
Salaries 
Travel and Business 
Contingencies 

Total 

$180,000 
15,000 
5,000 
2,000 

20,000 
$222,000 
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Andrew E. Nevin 
2150 Lincoln Park West 

P. O. Box 14230 
Chicago, Illinois 60614 

January 27, 1989 

Mr. R. B. Ludden 
Manager, Exploration Office 
Phelps Dodge Corporation 
P. O. Box 50427 
Tucson, Arizona 85703 

RE: Cleopatra and Rawhide Areas, Mohave County, Arizona 

Dear Bob: 

This acknowledges receipt of Phelps Dodge Corporation's 
geologic, geophysical and geochemical data on an area in 
Mohave County, Arizona. 

The area is defined as: Sections 6, 7, 18, 19, 30, T.IIN., 
R.13W.; Sections 1-27, T.IIN., R.14W.; Sections 27-36, 
T.12N., R.14W. 

I intend to acquire mineral rights and conduct exploration 
in this area and for the use of Phelps Dodge Corporation 
data, undertake to grant Phelps Dodge the right of first 
refusal to participate in development drilling and mine 
development. 

I will have partners in the early stages of exploration, 
and each will be bound by the undertaking to Phelps Dodge 
and their participation does not imply Phelps Dodge's 
refusal to participate. It is our intention that if work 
should reach advanced stages of exploration drilling or 
development drilling, and we wish to transfer or sell any 
interest in the project or property, we shall promptly 
notify Phelps Dodge of that intention and Phelps Dodge 
shall have the opportunity to negotiate a participation 
agreement. 

Very truly yours, 

Andrew E. Nevin 



phelps 
"dadile UCurporotion Western Exploration Office, P.O. Box 50427, Tucson, AZ 85703-1427 

1810 West Grant Road, Suite 103, Tucson, AZ 85745 • (802) 792-4981 

February 2, 1989 

Mr. A. E. Nevin 
2150 Lincoln Park West 
P. O. Box 14230 
Chicago, Illinois 60614 

RE: Cleopatra and Rawhide Areas, Mohave County, 
Arizona 

Dear Andy: 

This is in answer to your letter dated January 27, 1989, in 
which you detail the terms and procedures under which you 
will use the data provided by Phelps Dodge while exploring 
the area defined in the letter~. We are agreeable to the 
terms and proceduresas stated. You are welcome to use any 
of the data we may have. However, I expect you to use the 
data with a certain amount of discretion. Phelps Dodge 
Mining Compay makes no representation or warranty as to 
accuracy or completeness of the data or conclusions dis- 
closed hereby. The information is furnished only upon the 
condition that Phelps Dodge Mining Company shall incur no 
liability on account of your acceptance or use of such 
information. 

I will look forward to hearing about your progress in this 
venture from time to time. 

Sincerely, 

R. B. Ludden, Manager 
Western Exploration Operatioons 

RB:pc 
cc: DER 



FINAL 
ENVIRONMENTAL IMPACT STATEMENT 

PROPOSED WILDERNESS PROGRAM 
for the 

UPPER SONORAN WILDERNESS EIS AREA 

LA PAZ, MARICOPA,  MOHAVE AND YAVAPAI  COUNTIES,  ARIZONA 

Prepared by 

THE DEPARTMENT OF THE INTERIOR 

BUREAU OF LAND MANAGEMENT 
PHOENIX DISTRICT 

STATE DIRECTOR 

ARIZONA STATE OFFICE 

For further information contact Bill Carter, EIS Team Leader, Phoenix District Of.floe, 
Bureau of Land Management, 2015 West Deer Valley Road, Phoenix, Arizona 85027 
or call (602)863-4464. 
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_q t PTER 2 - -  DESCRIPTION OF THE ALTERNATIVES 

RAWHIDE MOUNTAINS WSA 

P R O P O S E D  A C T I O N / P a r . a l  Wilderness 
(Map 2-5) 

The Proposed Action for the Rawhide Mountains WSA 
would designate 40,025 acres as wilderness and 18,825 
acres as nonwi lderness .  The  boundary  ad jus tmen t s  
exclude some areas with high or moderate mineral poten- 
tial and an area with numerous mining claims and private 
subsurface estate in the northwest part of the WSA. This 
alternative would enclose 200 acres of public land cherry- 
stemmed out of the WSA and 200 acres of state land 
recommended for acquisition. The following are expected. 

LIVESTOCK AND RANGELAND ACTIONS 
A four-mile boundary fence is planned. For location and 

description see Appendix 1. No range improwments are 
planned in the nondesignated area. 

RECREATION USE ACTIONS 
Use would increase to 2,300 from the present 1,500 visitor 

days/year.  Hiking in the narrow six-mile-long canyon of 
the Bill Williams River during periods of low water would 
become increasingly popular. Some tubing, swimming and 
kayaking/cunoeing would continue when water releases 
from the upstream Alamo Reservoir are sufficient. ORV 
use (mostly recreational 4-wheeling and some hunting) 
would continue on sand washes and on four miles of jeep 
trails in the nondesignated part. Projected visitor use by 
alternative in Table 2-2. 

LAND USE ACTIONS, 

One additional oil/gas pipeline is anticipated (diameter 
up to 40 inches, 50-foot r ight ,f-way) east and parallel to the 
existing San Juan crossover 30-inch E1 Paso Natural Gas 
Pipeline. 

MINERALS ACTI~)NS 
In the designated area one small and one moderate mine 

would disturb five acres across one mile of new access road 
and .25 mile of upgraded access would disturb two acres. 
Under present law exploration and development can con- 
tinue on the 640 acres of nonfederal mineral lands. 

In the nondesignated area one moderate and nine small 
mines would disturb6.75 miles of upgraded access and .75 
mile of new road would disturb 11 acres. For location and 
description of the actions see Appendix 1. 

WILDLIFE ACTIONS 
One wildlife development is proposed. For location and 

descriptions see Appendix 1. 

No wildlife developments are planned in the nondesig- 
hated area. 

ALL WILDERNESS (Map 2-6) 

All of the Rawhide Mountains WSA's 58,850 acres would 
be designated wilderness under the All Wilderness alterna- 
tive and the following are expected. 

LIVESTOCK AND RANGELAND ACTIONS 
Four miles of boundary fence are planned south of the 

Bill Williams River. For location and description see 
Appendix 1. 

RECREATION USE ACTIONS 
Use would decrease to 1,200 visitor days /year  from the 

present 1,500; all is nonmotorized (hiking, backpacking 
and some water-based activities such as tubing, swimming 
and kayaking/canoeing when water releases from Alamo 
Dam are sufficient). Projected visitor use by alternative in 
Table 2-2. 

LAND USE ACTIONS 
None are expected. 

MINERALS ACTIONS 
One small and one moderate mine would disturb five 

acres; one mile of new road and 1.25 mile of upgraded access 
would disturb almost two acres. Current law does not res- 
trict development of minerals on the 4,000 acres of nonfed- 
eral minerals. For location and description see Appendix 1. 

WILDLIFE ACTIONS 
One wildlife development is planned; for location and 

description see Appendix 1. 

ENHANCED WILDERNESS (Map 2-7) 

The Enhanced Wilderness alternative for the Rawhide 
Mountain WSA is basically the same as the Proposed 
Action except the eastern boundary west of the Bill Willi- 
ams River was adjusted to the 1,260 foot contour. This 
adjustment increased the designated acreage from 40,025 
acres to 40,665 acres. The nondesignated area would 
remain at  18,825 acres. The adjustment would not change 
any of the management actions described under the Pro- 
posed Action. 

NO WILDERNESS/No Action (Map 2-6) 

None of the Rawhide Mountains WSA's 58,850 acres 
would be designated wilderness under the No Wildern- 
ess~No Action alternative and the following are expected. 

LIVESTOCK AND RANGELAND ACTIONS 
Four miles of boundary fence is planned south of the Bill 

Williams River. For location and description see Appendix 
1. 

RECREATION USE ACTIONS 
Use would increase to 2,300 from the present 1,500 visitor 

days/year.  Two-thirds of the visitor use vehicle-based 
(recreational 4-wheeling, hunter access, rockhounding) 

20 
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C H A P T E R  2 - -  D E S C R I P T I O N  OF THE ALTERNATIVES 

and the rest nonmotorized (day hiking, overnight back- 
packing, birdwatching, etc., which would increase because 
of opportunities in the scenic Bill Williams River Canyon). 
Off-road vehicle use within the WSA would be restricted to 
the existing eight miles of vehicle ways. Projected visitor 
use is shown by alternative in Table 2-2. 

LAND USE ACTIONS 

One additional oil/gas pipeline is expected (diameter up 
to 40 inches, 50-foot right-of-way) east and parallel to the 
existing San Juan crossover 30-inch E1 Paso Natural Gas 
Pipeline. 

MINERALS ACTIONS 

Ten small and two moderate mines would disturb 26 
acres; 8.75 miles of upgraded access and 1.5 miles of new 
roads would disturb 16 acres. For location and description 
see Appendix 1. 

WILDLIFE ACTIONS 
One wildlife development is proposed; for location and 

description of the wildlife projects see Appendix 1. 

The perennially watered Bill Williams Gorge reaches depths of 600 feet as it 
winds between the Buckskin and Rawhide Mountains in Rawhide Mountains 
WSA. 
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T. 12 N., R. 13 W., secs. 19, 20, 30 and 31. 
A total of 3.5 miles of boundary fence is proposed. 
T. 12 N., R. 14 W., sec. 22. 
A total of.2 mile of drift fence is proposed. 

Each fencing project will be designed to blend into th 
surrounding landscape. All materials will be packed or 
lifted into the area. ai~ 

MINERALS ACTIONS 
A moderate operation on federal minerals will occur in T. 

12 N., R. 14 W., sec. 22, utilizing the existing access road. In 
T. 12 N., R. 13 W., sec. 30 a moderate operation on federal 
minerals will require one mile of new road construction for 
access. In T. 12 N., R. 13 W., sec. 7, W½, a small mine will 
operate requiring .75 mile of new 12-foot-wide road. In T. 12 
N., R. 14 W., sec. 9, S½, there will be a small mine which will 
utilize existing access roads. 

ENHANCED WILDERNESS 

LIVESTOCK AND RANGELAND ACTIONS 

Actions in the designated area: 

Proposed range improvements planned for resot]rce pro- 
tection and effective management of resource are identi- 
fied as follows: 

T. 12 N., R. 13 W., secs. 19, 20, 30 and 31. 
A total of 3.5 miles of boundary fence is proposed. 
T. 12 N., R. 14 W., sec. 22. 
A total of .2 mile of drift fence is proposed. 

Each fencing project will be designed to blend into the 
surrounding landscape. All materials will be packed or air 
lifted into the area. 

Actions in the nondesignated area: 

T. 12 N., R. 14 W., sec. 5 
T. 13 N., R. 14 W., secs. 27, 33, and 34. 
A pipeline project is proposed from an existin we]] 

pipe will be buried b-, bac ~- . . . . . . . .  g. . The 
. . . .  _ . -, ~,,~,~ mong 1.~ nines o~ existing 

powernne roaa. Water will be delivered to a 14,000 gallon 
concrete plaster storage tank that  will be painted to blend 
into the surrounding landscape. A trough will be installed. 

MINERALS ACTIONS 
Actions in the designated area: 

In T. 12 N., R. 13 W., sec. 7, N½, another small mining op- 
eration will require .75 mile of 12-foot-wide new road. In T. 
12 N., R. 13 W., sec. 30, S½, northwest of the Maggie mine, a 
moderate sized mining operation will require one mile of 
new 12-foot-wide road for hauling. In T. 12 N., R. 14 W., sec. 
9, S½, north of the Lead Pill mine there will be a small oper- 
ation that  will utilize existing access roads. In T. 12 N., R. 
14 W., sec. 22, a moderate operation will go into production, 
utilizing existing access roads. 

J 

RAWHIDE MOUNTAINS 

RAWHIDE MOUNTAINS 

PROPOSED ACTION 

LIVESTOCK AND RANGELAND ACTIONS 
Actions in the designated area: 

Proposed range improvement planned for effective man- 
agement of resources is identified as follows: 

T. 11 N., R. 13 W., secs. 30 and 31. 
T. 10 N., R. 13 W., secs. 6 and 7. 
A total of four miles of boundary fence is proposed. The 

entire route will be designed to blend into the surrounding 
landscape. All materials will be packed or airlifted into the area. 

MINERALS ACTIONS 
Actions in the designated area: 

In T. 11 N., R. 14 W., sec. 34, N½, south of the McGuffie 
mine, a moderate mining operation will require one mile of 
new road for access. In T. 10 N., R. 13 W., sec. 18, a small 
mining operation will be located just north of the Bernard 
mine. One-fourth mile of existing access road will be up- 
graded. 

Actions in nondesignated area: 

In the Cleopatra mining district T. 11 N R i4 
• E½, a small minin~ o-era*;~- ...-u . . . .  -, • . W., sec.22, 

the ° ~- .,.,.,,, w,l~ ~Ke place JUSt west of 
Little Kimble mine. In the Mesa mining district, in T. 

11 N., R. 15 W., sec. 24 E1/2, a small mine will be developed 
requiring upgrading of .5 mile of existing access. In the 
same mining district in T. 11 N., R 14 W., sec. 31, N'W~A, a 
small mine will be developed using two miles of existing ac- 
cess requiring the construction of a .25 mile of new 12-foot- 
wide road. In T. 9 N., R. 13 W., sec. 9, N½, a small mining 
operation will require upgrading of 2.5 miles of existing ac- 
cess. In T. 9 N., R. 13 W., sec. 4, S½, a small mining opera- 
tion will require upgrading of .5 mile of existing access. 

WILDLIFE ACTIONS 
The Mississippi Spring development will include: 

1. fencing of spring (4-strand barbed wire or 3 pipe rail) 
with a 2 to 7 acre exclosure, 

2. piping traditional livestock waters to a trough at 
least .25 mile from the spring, 

3. enhancing cover conditions around the spring either 
naturally or artificially, and 

4. maintaining at least two-thirds of the original wet 
area. • 

PROJECT NAME TYPE T R Section 
Mississippi Spring Spring Development 11 N. 14 W. NE~ 35 

A L L  W I L D E R N E S S  __ 

LIVESTOCK AND RANGELAND ACTIONS 

Proposed range improvements planned for effective 
management of resources are identified as follows: 

T. l l  N., K 13 W., secs. 30 and 3I. 
T. I0 N., R. 13 W., secs. 6 and 7. 

367 



APPENDIX I 

A total of four miles of boundary fence is proposed. The 
entire route will be designed to blend into the surrounding 
landscape. All materials will be packed or air lifted into the 
area .  

MINERALS ACTIONS 
In T. 11 N., R. 14 W., see. 34, N~h, south of the McGuffie 

mine, a moderate mining operation will require one mile of 
new road for access. In T. 10 N., R. 13 W., sec. 18, a small 
mining operation will be located just north of the Bernard 
mine. One-fourth mile of existing access road will be up- 
graded. 

WILDLIFE ACTIONS 
The Mississippi Spring development will include: 

1. fencing of spring (4-strand barbed wire or 3 pipe rail) 
with a 2 to 7 acre exclosurv, 

2. piping traditional livestock waters to a trough at 
least .25 mile from the spring, 

3. enhancing cover conditions around the spring either 
naturally or artificially, and 

4. maintaining at  least two-thirds of the original wet 
area. 

PROJECT NAME TYPE T R SECTION 

Mississippi Spring Spring Development I lN.  14W. NEZA35 

ENHANCED WILDERNESS 
(Same as Proposed Action) 

NO WILDERNESS 

LIVESTOCK AND RANGELAND ACTIONS 
Proposed range improvements planned for effective 

management of resources are identified as follows: 

T. 11 N., R. 13 W., secs. 30 and 31. 
T. 10 N., R. 13 W., sec. 6 and 7. 
A total of four miles of boundary fence is proposed. The 

entire route will be designed to blend into the surrounding 
landscape. All materials will be packed or air lifted into the 
area. 

MINERALS ACTIONS 
Actions in the nondesignated area: 

In the Cleopatra mining district T. 11 N., R. 14 W., sec. 22, 
EV2, a small mining operation will take place just west of 
the Little Kimble mine. No road work is required. Big Kim- 
ble mine in the Cleopatra mining district in T. 11 N., R. 14 
W., sec. 34, WV2, a moderate mining operation will be devel- 
oped and will require construction of .75 mile of new 12- 
foot-wide road. In the Mesa mining district, in T. 11 N., R. 
15 W., sec. 24 E~h, a small mine will be developed requiring 
upgrading of .5 mile of existing access. In the Cleopatra 
mining district, in T. 11 N., R. 13 W., sec. 31, W½, there will 
be a small mining operation requiring upgrading of 2.5 
miles of existing access. In the same mining district in T. 
11 N., R 14 W., sec. 31, NW~/~, a small mine will be developed 

using two miles of existing access requiring the construc- 
tion of a .25 mile of new 12-foot-wide road. In T. 10 N., R. 14 
W., sec. 10, SV2, a small mining operation will require up- 
grading of.25 mile of existing access. In the Alamo mining 
district T. 10 N., R. 13 W., sec. 9, SV2, a small mining opera- 
tion will require .5 mile of new 12-foot-wide road. Also, in 
the Alamo mining district T. 10 N., R. 13 W., Sec. 18, EV~, 
north of the Santa Maria mine, a small mining operation 
will require no new road work. In the Lincoln Ranch min- 
ing district a moderate mining operation will take place at 
the end of the cherrystemmed road in T. 10 N., R. 13 W., sec. 
29, "~'V2. In T. 9 N., R. 13 W., sec. 9, NV2, a small mining oper- 
ation will require upgrading of 2.5 miles of existing access. 
In T. 9 N., R. 13 W., sec. 4, S~h, a small mining operation will 
require upgrading of.5 mile of existing access. In T. 9 N., R. 
12 W., sec. 6, NV~, a small mining operation will require up- 
grading of .5 mile of existing access. 

WILDLIFE ACTIONS 
The Mississippi Spring development will include: 

1. fencing of spring (4-strand barbed wire or 3 pipe rail) 
with a 2 to 7 acre exclosure, 

2. piping traditional livestock waters to a trough at 
least .25 mile from the spring, 

3. enhancing cover conditions around the spring either 
naturally or artificially, and 

4. maintaining at least two-thirds of the original wet 
area. ~ 

PROJECT NAME TYPE T R SECTION~ 

Mississippi Spring Spring Development U N. 14 W. ~NE¼35 

ARRASTRA MOUNTAIN 

PROPOSED ACTION 

LIVESTOCK AND RANGELAND ACTIONS 

Actions in the designated area: 

Proposed range improvements planned for res 
tection and effective management of resources I 
fled as follows: j 

T. 13 N., R. 12 W., secs. 31, 32, and 33. :.~ 
A total of 2.5 miles of boundary fence is propo 

T. 12 N., R. 13 W., sec. 13. '= '! 
A total of .1 mile of gap fence is proposed, i:~i ~ 

t 
T. 12 N., R. 12 W., sec. 33. 
A total of .1 mile of gap fence in proposed. ' ~ 

.~.~ 

The above fencing projects will be designed ~ '  t 
the surrounding landscape. All materials 
into the a r e a . .  ~i~ ~ 

J T. 12 N., R. II W., sec. 8. :~ ~t~ 
Spring development is proposed. Minimal 

for access is required over 1.5 miles of exi~ 
backhoe will be required to maintain one!qw 

i 
this road, as well as to develop the sprin~ 
bury .1 mile of pipeline. Water will be pipe&~ 
Ion trough constructed of rock from the surfl 
No other storage is proposed. The pipoline~ 
claimed. '. sai ~ 
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