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i~6 Z I I N E E A D  DEPOSITS OF MOI:IAVE C0U:NTY~ ARIZONA. 

ore is said to have been found below it. The altered gr'mite for a 
width of 100 feet or more bordering the deposit is also said to con- 
rain $2 to $4 a ton in gold. 

The ore is of low grade, and is said to mill on the average from 
$7 to $8 a ton in gohl, and to cyanide well. I t  contains also a little 
siher :tnd 1~ trace of copper, the latter oceuri'ing clfiefly as m.fiaehite 
and not in sufficient amount to interfere with the ey'midation. The 
c,mp:my is reported to have recently computed about 1,000,0.00 tons 
of ore in sight. 

GOLD BELT M I N E .  

"/'he ({ohl Belt mine is located on the southeast side of Banker 
Wash, nt about 5,000 feet elevation. I t  is owned by Henry Paully: 
The colzntry rock is an amphibolite schist, dipping about 30 * W. At 
the we.~tcrn of the two principal openings the deposits are contained 
in a blanket vein o f  quartz 15 feet thiek, inclining gently eastward, 
but thimlinv" out in "l distance of about 30 feet. The eastern opening 
shrew t w .  quartz blanket veins, each _'2 to 6 feet in thickness, dipping 
~renily w(.>lward and separated by a 4-foot dike of some vole'role rock 
ttmt .-ceres to l)e basah, but is altered beyond identification. 

'I'l,' ore is ,-aid to l,e of .two grades, tile lower grade yielding from 
.34 t~) $7 in ,.z,'(>hl to the ton and the better grade from $16 to $~0 to 
ID, *,m and .-(role as high as several hundred dollars a ton. that oeeur- 
ring in I]ie })t)rous or h,meycombed quartz being the best. The deposit 
is rel~ortt,,1 to have 1)reduced a few hundred dollars' worth of ore. 

S]'.'NATOll M I N E ,  

The Sen',~ or mine is located some distance beyond the border of the 
(;,,I,! II:~>i]~ (li:tri(.t. ,bout 7 miles northwest of the Eldorado and 
th)l~lt,1, l~llJt, mine.-: and about 7 miles south of Colorado River, on a 
h,w r,um[ hilt at the southeast base of a prominent hmdmark known 
a> "" Svnat,,r Mountain." The mine was discovered late in the eighties 
bv ,lohil l~m'm'tt, who in 1892 sold it for $14,000 to Senator Page, of x 
I~(,s .\ngoles. who in turn sold it to a Colorado company, The eol~.s 
Irony ,t ,,l. '- installed a lO-stamp mill on Color'~do River. o miles 
i,vh,w Sitll .'-lu.ing~. operated the mine and mill for about six months. 
and lht.n s~lspended. Later the property was acquired by or leased to 
lhe :';ah .'<prinKs _Mining Company, which operated it about a month 
i~ l:lo:; nnd shin down. the ore being of too low grade to pay for its 
!,:,~fl,.u, 1,, tl~e mill. 7 miles distant, and for bringing suplflies fronw 
l la,-Id,vm'v aml lithe'man. 50 and 60 miles distant, respectively. The 
mira. i- ,',.T,,,~'l,.,~ to have tw~.n alm,Moned silwe then. 

T], . . . .  : . , .  dov('lol)ed principally by open work, cuts. and adit 
b.!. ,-i t ;  are said to l)e nearly flat lying and similar in 

: , ,::u-v of  the Cyclopie mine (p. lO5), but they form a 

WI:tITE H I L L S  D I S T H I C T .  ' 1 2 7  

larger body. The ore is said to be s imilar ly low in grade, aver'~ging 
about, $3 in gold to the ton. According to Comstoek? the deposits 
exhibit structural features resembling those of " breeeiated fusion " 
and " cooling lamination" and in origin seem to be associated with 
igneous intrusion. 

DEPOSITS AT SALT S P R I N G S .  

The Salt Springs mine is about 7 miles northeast of the Senator 
mine and several miles south of Colorado Iiiver, in the first, canyon 
west of Hualpai Wash. It. is owned by  the Salt, Springs Mining 
Company, whidl is said to include members of the Arizona-Minne- 
sota Gold .Mining Company. The country  rock is granite. The gold 
ore is said to occur sporadically in quar tz  bodies, and its downward 
limit is usually indicated by COl)per-stained quartz. 

Other properties in this district are the Snmggler-Union group, 
the Eureka mine. and the Lutley ~'oup. 

WII1TI" I t lLLN I)INT'RICT. 

GENERAL DESCI~PTION. 

LOCATION AND lt l . '5TOI{Y. 

The White Hills district is located about 2S miles north of Chlo- 
ride, in tile western border of the White l tills, at aboul 3.000 feet ele- 
vation. It comprises an area about 2 miles in diameter and is a part 
of the Indian Secret mining district, so named because the knowledge 
of tlm presence of its mineral was for a long time withheld from tile 
whites by the Indians. 

The first discovery of mineral in the di.~trict by white men was 
made by Henry Shaffer in May, 1892. th rough tilt' aid of an Indian 
known as ]Iu,flpai Jeff'. who exhibited a piece of rich silver ore ,~t.Gold 
Basin and dmwed Shaffer its source, where the Indians procured 
the supply of red.iron oxide with which they adm'ned their faces. 
The locality is at the site of the Hidden Treasure mine. 

After  making several locations, Shqffer reported the discovery at 
Gold Basin and was soon joined by John 13m.nett and John Sulliv~,n, 
who also located what later provedto be some of the best mines. The 
trio began work and were soon shipping very rich ore. some averag- 
ing $1.000 a ton. The camp soon bee.role the largest in fl~e region 
and reached its zenith in 1894. with a populalion of 1."2_00. Within 
a short time the camp was owned by one company, the Vi'hite Hills 
Mining Comp'my. of which the chief men were R. T. Root and I). H. 
hioffatt, of Denver. A 10-stamp mill wa.- buill early iu 1904; in 

J'ug.. vol. aO. 1900. pp. 104,q-1049. 
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~I: lhe mille lhan in the oxide zone near  the surface. I ts  run o:f mine, 
rmlghl.v computed f rom a record of the output from October 10, 
1-q5. t(~ March G, 1!101. i :  abollt as follows: S i h e r  160 ounces and 
:_q,hl '2 t,unces lo the ton : lead. 12 to 20 per cent. 

]~rod,¢cghm.--The produc t ion  is reported to be $1,800,000, t h a t  of 
-liver alone anlountilJ~ to about .,<1,000.000; and several thousand 
.hdhu'-" worth of medhm~-grade  ore are said to now lie on the dulnp. 
The OUtllut was mo.qlv m a d e  between the autuhms of 1885 and 1892. 
I)u,'iug this period 3.~;87 tons of  ore are reported, according to smel- 
llq' I'tq. lll'll s h e ( q > ,  i , .  ] l ; I v e  contained qbout 400,000 ounces of silver, 
l.lS0 ~m~,ees of gohl. and  515,700 pounds of lead. Later, about 1900 
lo 1902, about 17,550 ounces of  silver, 180 ommes of gold, and 114,360 
lmumls of lead are said to have  been obtained from 830 tons of eon- 
t ' e l  11 r a  t Us. 

MINES OF CANYON STATION WASI:I, 

In C a l } y o n  Station VCash, about a mile north of C. O. D. ~Vash~ 
~here "n'e reported to be several  small  mines, of which fl~e most iln- 
~,,u't;lnt seen, to be the Baden-13aden. King, and Queen mines, said 
,, be (,wned t,v Lewis Dav idson .  of Kingman.  

MINES IN " T O P  o ~  s x o c ~ T o r ¢  m ~ L "  A ~ A .  

Ttw " top  of Stockton I1511"" is situated in the northwestern pa r t  
,f |h,, di:Iricl, at the crest of the range, between t i le northern par t  

.a' fla. Cerlmt district oil tilt, west and tile heads of I. X. L. a~d 
('. ~). i). washes on th-  east. The mines include the Cincinnati ,  
Miner'- Ib)pe. }~hle Bell.  Foun t a in  Head, Brown, and others, the 
.,o~t iml)(u,tant of which :eem.q to be the Cincinnati. I t  is s i tuated 
'.,.at th(' crest ~f lhe rall~e about midway between Lane Springs and 
1. X. l.. basin.-. I t  has not been worked for many years, but. is 
:i>gill'dt.d ~.15 ii good proper ty .  

G O L D  B A S I N  D I S T R I C T .  

~ EN EtG~.I. FEATURES. 

The G~dd Ba.qn min ing  dis tr ict ,  of which Basin is the post-office, 
- :i~uau.d ii, the eastern pa r t  of  the White Hills (fig. 18~. I t  ex- 
,.,,,l~ mer  ;, hilly area '~bout 6 miles in diameter, sloping to Hualpai  
;.,-,, ,,,: ti,,. e',-l, aml range., froin :~.900 to 5.000 feet in elevation. 
!1,.. lmrlhea~tern ]~ortion. where  most of the mines are situated, is 
• ,'.2,_",',i. h,.ing marked by longi tud ina l  fault scarps and scored 1) 3- 

Th,, nHl,, i~ .;,id t~, c o n t a i n  n o  t a p p e r  a b o v e  the  200-foot  level ,  bu t  in an  opening 
t Ii:l!, e ;, lllil, ~ wP.q o f  tilt' lllill,- l lnd abutl ' t  .~00 fee t  above it, on what is t l lou~ht  tO be 
• ; i i i , . .  i~, l,. v,,iL, the  ()re. w h i c h  he l ' e  occurs in I1 m i l k - w h i t e  (iilal.tg gan~ue ,  con- 

.,- ,'l,i, I!3 hln'nh, and  e h a l c o p y r i t e ,  w i t h  SOlIle zinc., hh.nde,  a n d  tthouI $20 ilt g o l d  tu 
D~h 
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.-everal deep transverse wq~hes, of which the principal one~*are:" ~ 
Banker,  O. K., nnd Cyclopic, s i tuated about 2 miles 'll)~lrt. The 
ne.lrest r:dlwa.v ,ration is I tackberry ,  40 miles to the south, with 
which comieetion is made by stage line. Colorado I~iver lies 1~; miles 
to the nor th .  Mineral  was first discovered here early in the .~eventies. 
but remoteness from the base of supplie.~, lozether with scarcity 
of fuel and  water ,  renders operations expen:ive and has materially 
retarded developments. Nevertheless, eonsiderable progress has been 
made and much ore has been produced and worked in arrastres and 
mills. 
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CONTOUR I N T E R V A L A P P R O X I M A T E L Y  IOO F E E T  

FIGI 'RE 1S . - -$Re teh  m a p  of  ( ;o ld  I ;a~in d i s t r i c t .  

The deposits occur n~ainlv in fissure veins in the pre-C;mlbrian 
crystalline rocks. The veins dip soudmastwar(l  or northwestward. 
mainly at angles o f  400 or 70:. The ~2"angue i~ ,luartz. in places with 
.~iderite. and  the metal is gold. mostly free mill ing,  but it is asso- 
ei;,te(l wi th  lead or  copper ores. ,.opper ~tain }),.ing a ~o()d indication 
of the gold  values, l)vrite, ehah.ol)yrite, galen.u lnolybdenite, an(1 
wolframite  are found,  but the ore is largely oxidized, the water level 
not hav ing  been reached. Among the oxidized products are limonite, 
malachite, cerusite,  and vanadinite. 
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/i The district contains about ha l f  a dozen small n nes and about an 
equal number (ff good-looking prospects. The relative location of 
the most important is ,-:hewn in the small sketch map (fiG. 18). The 
principal mines are the Eldomdo, Excelsior, Golden I'lule, J im 
Blaine, Never-ge~-left , O. If.., ' :nd Cyelopie. .The production of the 
di.*t,'ict is given as more than $100,00% most of which came from the 
l':hlm'ado mine. 

]'.o~.az'io~ a~d / ~ i s ~ o r y - - T h e  Eldorado mine is located in the high 
foolhills in the eastern part  of the district, at about 4,000 feet eleva- 
tion and 1.000 feet above t Iualpai  Wash, which is about 2 miles dis- 
umt. The mine is reached by wagon road, over which most of the 
~,re wa.~ lmuh,d to the I3asin or O. I(. mill, 4 miles distant in I tualpai  
Valley. This mill. which was burnt while in operation in August, 
it~o~;, contaiLmd 10 stamps and a cyanide phmt. 

8OA£~" I N  F ~ ' £ ,  r"  
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I"DH'I;E ]~ I. -Lllllg IU] II'II seetiun of ]~I(lorado mine, showhlg stopeg. 

'l'h~. mira. was discovered l'lte in tile seventies and produced t h e  
lil'~I blllli,n tak,h f r o m  the district, much of its ore bein G at first 
uoH{t,,I i~ arrastres. I t  is ow~ied by the Arizona-Minnesota Gold 
.XiininN" ('.mpans'. of Minneapolis. The production is reported to be 
s ;.',j)l~!~ of which .<5.(10{I was produced prior to 190~. 

1)~ , '~l, , /m,, , , t . , .--Tht,  mine is developed principally by about 9,000 
t'eul t~f tHllll/,l> alld dr i f t s  and 40.000 cubic feet of slopes on three 
1,.yds. "au'urea':~il~u" pr<,habl.v about 90.000 cubic feet of undergrom~d 
w,,,'k ~n,t di~,'ilmted approxim.~tely as shown in the accompanying 
,lm~ram trig. 19~. The lower tmmel trends about N. 33 ° E. and 
'~'il{('- tht, v~,in a~ about ~00 feet in from the mouth. From this 1)oint 

~l~,. ~h'ift t,Nlt,IHI--al~Ollt 200 feet to the northeast. 
¢, ,,,',,y,,,L---TI,~. ,.,um~rv rod{ is n reddish ~ehistose medium-grained 
, .i~, (~  the, :,,,rthea~t. however, as .<hewn at the surface and in 

.,. i, ,,,,: ~ ,,! ~h, ~,Ane. this ,'oek gives way to a dark friable biotite 
::~ .;~,. 't'i, c ,d~tae t  between the two rocks dips about 30 ° W. ]t 
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is usually shar 1) and is 1)robably a' fault plane, which s-,ems to cut off 
the vein on the northeast. 

l'¢,i~s a~zZ ores. The deposit is a fissure vein. which strikes about 
N. 50 ° E. and dips 65 ° SE. It is continuous from the apex at the 
crest of the ridge to the contact in the lower tunnel of the mine and 
is sloped out through most of this extent. TILe walls are fair, but 
not regular. The vein averages several feet and the ore shoot about 
~0 inches in width. I t  contains iron-stained, free-milling gold- 
quartz ore, and is reported to average from $19- to 815 a ton in gold. 
The other assot:jated minerals are malachite, lead carbonate, and 
vanadinite, the last occurring loe.flly as incrustations of crystals one- 
fourth inch in maximum length. The principal mill treatment given 
to the ore was crushing, plate amalgamation, and eyanidation. 

Just northwest of the apex of the vein above described and about 
80 feet above it is the blanket vein, which is exposed for a length of 
600 feet and a width of  about 100 feet and which has contributed 
largely to the output of tile mine. It dips about 25 ° E. 

O.  I ( ,  A N D  E X C E L S I O R  ~ I I N I ' : S .  

The O. K. and Excelsior mines were discovered'and located by 
three prospectors, Patterson, I loue . . rod  Fox, early in the eighties. 
They worked the ores in arrastres and hauled some to the 4-stamp 
mill at Grass Springs. In  1SS(; the O. lC. was sold to a l(ansas City 
company, which at once put up the (). lC. mill in I tualpai  Valley 
and ran it intermittently from 18S7 to 18!)0. The mill burned down 
in 189;3, but was rebuilt in 1896 and operated by lessees for .L time, 
and then again shut down. It started once more early in 190"2 and 
ran intermittenth" until  1906, when it bm'ned down while in opera- 
lion. The w'lter used at the mills was piped f,'om the springs or 
water tunnels in the upper p.lrt of Gr.md Wash ('lifts, 7 miles to the 
northeast. The mines .u'e now owned by the Arizona-Minnesota 
Gold Mining Compnny. 

O. /~L vThw.--The O. I ( . 'mine is about half a mile south of the 
Ehlorado mine and about 100 feet below it, on the opposite side of 
(). K. Wash. The mine ix developed mainly by mlit drifts: winzes, 
and stopes on four levels. There is ubm~t 1,(;00 feet of m~dergrom~d 
work, distributed hi,proximately as shown in /he section (fig. ~0). 
The production ix reported to be about $25,000. 

TILe eount~ 3" rock is a dark biotite granite, about the same as that  
which occurs in the bottom of the Ehlor:~do mine. The strike is 
N. g0 ° E., with dip vertical. SlickenAdes pitch northeast-east *oward 
the mouth of the drifts  a t  angles of about 35 ° . 

The vein trends N. (;5 ° E., but curves to the north in its course and 
dips about 75 ° NW. I t  averages about 18 inches in width and is 
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property Name: 

Location: 

Acreage: 

Land Status: 

Senator 

Sections I0 and 22, T28N, RI9W 
Mohave County, Arizona 

Approximately 1440 acres 

72 unpatented lode claims located by ECM. 

Underlying Royalty: None 

Work to Date: 

Target: 

Positive Data: 

The Senator property is immediately adjacent to 
the Senator mine, a former gold producer from 
breccia veins associated with a low-angle fault 
zone. The area is also adjacent to the Owens 
mine where a drilling program by the Nerco/ACNC 
joint venture was conducted during 1985-1986. 
Two holes from this phase of exploration appear 
to be located on ECM lands. Sampling and map- 
ping by ECM have defined gold anomalous zones 
related to well fractured and sheared gneissic 
rocks. 

A gold-enriched area in Section 10 coincides 
with two intersecting regional-scale fault 
zones. A fracture-controlled gold system is 
indicated where the projection of the northeast 
trending While Elephant shear zone intersects 
with altered Precambrian gneisses in the hang- 
ing wall and a two-mica granite in the footwall 
of a low-angle fault. A Mesquite-type deposit 
is hypothesized. 

High-grade gold mineralization at the Senator 
mine appears to have formed from hydrothermal 
fluids flowing along a low-angle fault zone 
that extends onto ECM property. An area at 
least half a square mile in size, and largely 
surrounded by post-mineral cover, contains 
anomalous levels of gold. Strong silicifica- 
tion with associated sericitization and varia- 
ble amounts of argillization are indicative of 
a pervasive hydrothermal system that migrated 
upwards through a Cretaceous granite and spread 
laterally through Precambrian Metamorphic 
rocks. 

! 
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SENATOR PROPERTY 

Mohave County, Arizona 

Location - The Senator property is located in the west-central 
portion of the White Hills in northwestern Mohave 
County, Arizona. The distance from Kingman, Arizona 
is approximately 75 miles. Access from U.S. Highway 93 
is via the White Hills road for about three miles to a 
junction with a desert (unimproved) road that leads to 
the Senator mine area (about 12 miles). These roads 
are shown on the White Hills and Senator Mountain 
15-minute topographic sheets. 

Land Status - ECM has staked 72 claims in Sections 10 and 22; 
T28N, RI9W. These cover all of Section 10, and all 
but a narrow parcel of land in the far east-central 
portion of Section 22. The surrounding odd-numbered 
Sections are owned by the Santa Fe Pacific Land Co. 

Historic Activities - The area of the Senator property is generally 
considered within the Gold Basin mining district and 
is just northeast of the White Hills mining district. 
The Owens mine (Section i) and Senator mine (Section 14) 
are nearest past-producing properties. Production 
figures for either of these mines are unknown, though 
the Owens mine was probably the largest operation. 

Schrader (USGS Bulletin 397) reported that the Senator 
mine operated for a short time in the 1890's. The ore 
was shipped to a 10-stamp mill located near the Colorado 
River at least 15 miles to the north. The mine was 
shut down in the early 1900's because its low-grade 
ores couldn't pay for the haulage to the mill. Schrader 
also reported that the deposits are "nearly flat-lying 
and similar to those of the Cyclopic mine, but they 
form a larger body". The deposits at the Cyclopic mine 
are considered by the USGS to be related to a large, 
regional detachment fault. The Senator ores were said 
to average about $3.00 (at $20/oz) in gold per ton. 

The Owens mine produced gold ores from "veins" that 
were conformable with foliations in paragneiss and 
amphibolite. An apparent abundance of copper occurred 
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with the gold ores based on the noticeable presence of 
copper oxides found on the dumps. In 1985-86 the Owens 
mine area was being explored by a joint-venture between 
Nerco and American Copper and Nickel Corp. Nerco also 
staked Section 10 at this time. Two drill sites found 
in Section 10 were presumably related to the activities 
of the JV program in this area. 

Several small prospects are located on the Senator pro- 
perty in Section 10, and a couple of small pits were 
found in Section 22. Small drywasher placer prospects 
can be found in many of the washes around the Senator 
property. Most are located where the stream beds drain 
from the paragneiss terrane, and especially where these 
rocks are intensely deformed along shear zones. 

General Geology - The rocks of the White Hills, and, more impor- 
tantly, the Gold Basin district, can be subdivided into 
five main groups. Early Proterozoic gneisses and 
schists crop out throughout more than half of the area. 
Both foliated and weak to non-foliated Proterozoic 
plutonic rocks occupy large areas at the north and south 
ends of the White Hills. Cretaceous granitic rocks 
found mainly in the southern White Hills were emplaced 
into the Precambrian rocks at about 72 m.y. ago. 
Tertiary volcanic rocks mainly comprised of andesite 
flows and some remnant patches of felsic tuffaceous 
rocks are largely found scattered around the margins 
of the White Hills. Thick alluvial fanglomerate de- 
posits and lacustrine siltstones, mudstones, and thin 
limestones make up much of the younger Tertiary east- 
ward tilted sequences. 

The gneiss and schist terrane comprises rocks of Early 
Proterozoic age (1.7 b.y.) that represent protoliths 
dominated by clastic sedimentary material mixed locally 
with volcanic tuffaceous components as well as chemical 
sediments. The dominant biotite and quartzofeldspathic 
gneisses represent metamorphosed greywackes that prob- 
ably accumulated as deep-water turbidites. 

Biotite-rich schists and irregular masses of amphibolite 
probably represent mafic volcanic and plutonic rocks. 
Quartz-muscovite schist that frequently occurs in asso- 
ciation with metachert and banded iron formation is 
considered to be felsic volcanic tuffaceous material. 
These rocks suggest the presence of a dominantly bi- 
modal igneous suite that represents the earliest mag- 
matic events in the Early Proterozoic tectonically- 
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active basin. 

Plutons of gneissic granodiorite and leucogranite in- 
truded the Early Proterozoic basinal assemblage prior 
to peak dynamothermal metamorphism. Located mainly in 
the southern White Hills, these intrusive rocks are im- 
portant hosts for major gold-bearing veins that formed 
along several large shear and fracture zones. The 
plutons themselves appear to have been emplaced along 
structures that were precursors to those that now con- 
tain the mineralized zones. 

At about 1.65 b.y. ago the rocks of the southern White 
Hills were again intruded by stocks of porphyritic 
monzogranite. These weakly foliated rocks contain 
large, conspicuous, pink K-feldspar phenocrysts set in 
a coarse grained groundmass with a light pinkish-gray 
color. The euhedral to ovoid K-feldspar phenocrysts 
are frequently mantled by plagioclase producing a clas- 
sical rapikivi texture. The emplacement of the Proter- 
ozoic porphyritic monzogranites was after the main re- 
gional dynamothermal metamorphic event, but prior to 
the retrograde , greenschist-facies overprint. 

Lying along an apparent northwest trending zone in the 
southern White Hills are several Cretaceous age two- 
mica granites. These are fine to medium grained rocks 
that generally display an equigranular fabric, though 
some outcroppings show them to also have local porphy- 
ritic textures. The two-mica granites in the Gold 
Basin district are peraluminous thus resembling a large 
number of similar plutons found in gold districts through- 
out the western United States. 

Rocks of syenitic composition occur within portions of 
the two-mica granites. These probably reflect local 
areas of desilicated and hydrothermally metsomatized 
granite, and therefore are more correctly termed epi- 
syenites. A high carbonate content as well as local 
quartz-muscovite-fluorite-pyrite veins have been found 
associated with these unique rocks. One of the episy- 
enite bodies in the White Hills has been reported to 
contain disseminated visible gold (Blacet, 1969). 

The White Hills occupy a structurally complex area re- 
presenting the junction between the Paleozoic miogeo- 
clinal flexure, the Mesozoic Sevier orogenic belt, the 
Walker Lane shear zone, and the southern edge of the 
Basin and Range block-faulted terrane. Three major 
structural features predominate: first, is a northeast 
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trending structural grain expressed by high-angle 
shear zones and fracture systems, belts of mylonitiza- 
tion, and veins; second, a north-south trending system 
of moderate- to high-angle normal block faults; and 
third, a regionally extensive low-angle detachment 
fault. 

The northeast trending fault and shear zones in the 
White Hills are part of a regional tectonic fabric. 
The major zones are believed to represent deep-tapping 
crustal zones of weakness. Though best developed in 
the Precambrian terranes of the southwestern U.S., 
major structures with northeast trends also occur in 
rock assemblages as young as mid-Tertiary. In many 
of the porphyry copper districts these northeast 
trending fault zones intersect with younger (Laramide) 
northwest oriented zones of shearing and displacements. 
Interestingly, most of the metal-bearing, hydrothermally- 
altered systems in the White Hills coincide with some 
of the major northeast trending structures in the region. 

North-south trending normal faults probably are the 
most easily identified structures in the White Hills 
and surrounding regions. They represent some of the 
southernmost elements of the Basin and Range extensional 
terrane. The major faults of this tectonic system are 
typically near the range fronts , or buried in the 
valleys. Shorter faults (usually with much smaller dis- 
placements) can be found within the "uplifted" ranges 
where they appear more as linking structures between 
faults with different trends, e.g. the northeast trend- 
ing ones. Some of the younger Tertiary volcanic centers 
and weak epithermal systems are controlled by north- 
south trending faults in the Gold Basin district. 

One of the most extensive structures in the White Hills 
is a low-angle detachment-type fault that effectively 
wraps around the north, west, and south sides of the 
range. The Miocene age fault surface, itself, is pro- 
bably quite undulatory though in most places it appears 
to dip westward. The origin of this unusual structure 
is unresolved but likely to be related in some way to 
the Tertiary age extensional tectonic environment. 
Actually, the fault appears to be regional unconformity 
along which some deformation has taken place. 

The most recent USGS study (Professional Paper 1361) 
of gold occurrences in the Gold Basin district has 
identified three main types of lode deposits. The 
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majority are veins and irregular zones of silicification 
and hydrothermal alteration localized along structures 
in the Early Proterozoic rocks. The generation of these 
vein-type occurrences is considered to have occurred 
both in Precambrian and Late Cretaceous times. Another 
type is identified as disseminated gold associated with 
fluorite-enriched episyenitic rocks that formed by 
hydrothermal metasomatization. These types of occurrences 
formed as a consequence to the emplacement of Creta- 
ceous two-mica granites. The third type of lode gold 
deposit involves gold-quartz breccia veins that origi- 
nally may have been formed as cap-rock silica-shells 
above the desilicated episyenitic rocks. Some of them 
were then disjointed and brecciated where they became 
involved in deformation along the extensive Miocene 
detachment fault. 

Late Tertiary gravels mainly observed as dissected 
alluvial fans form much of the post-mineral cover in 
the White Hills and surrounding region. These fan- 
glomerate deposits contain low-grade placer gold oc- 
currences. Where they have been reworked by more recent 
stream activity, the resulting placers are noticeably 
smaller but significantly upgraded to more ecomonic 
concentrations. 

Local Geology - The Senator property lies in an area where several 
major structural zones intersect one another. These 
structures and the fracture systems that developed near 
their intersections contain anomalous amounts of gold, 
some that were mined in the past. The largest number 
of gold-anomalous structures are northeast trending 
fractures and shears. However, a significant amount 
of gold-quartz vein mineralization at the Senator mine 
appears to have been related to north-northwest trend- 
ing structures that are part of the low-angle, regional 
detachment(?) zone. Finally, there are also northwest 
trending faults along which the rocks have been hydro- 
thermally altered. These occur both on and adjacent to 
the Senator property. 

The predominant lithologies in the area of the Senator 
property are the Early Proterozoic gneisses and monzo- 
granite. The biotite quartzofeldspathic gneisses are 
part of the regional sequence of paragneisses and 
schists that represent the oldest rocks in the region. 
Local, small bodies of amphibolite are common in the 
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gneissic sequence, especially about a mile*northeast of 
Section 10 in the vicinity of the Owens mine. The 
metamorphic sequence at the Owens mine also includes 
thin beds of banded iron formation mixed with siliceous 
units that are probably metacherts. Some of these 
thinly laminated cherty-looking units have also been 
observed in the limited outcroppings in Secion i0. 

Both the Owens mine and the Section 10 area of the 
Senator property lie along the trend of the White 
Elephant shear zone (see attached regional map). This 
northeast trending tectonic zone consists of many 
parallel shears and associated fracture systems that 
probably were initiated during the Precambrian and 
then reactivated at several times since -- especially 
during Laramide deformation. Gold-enriched zones of 
silicification and associated hydrothermally-altered 
rocks coincide with some of the larger structures along 
the White Elephant shear zone. 

The principle northeast trending structures in Section 
10 are located in the central part of the section, and 
in the southeast-quarter. The larger and apparently 
more intensely deformed zone is the one through the 
central portion of the section. It is only exposed in 
a small area near the center of the section where 
several outcroppings display intensely sheared and 
variably altered monzogranite and gneissic rocks. In 
this same location, it intersects with both the low- 
angle detachment fault and a northwest trending fault 
that cuts through the monzogranite. 

The northeast trending shear zone in the southeast- 
quarter of Section i0 also appears to intersect the 
detachment fault and the northwest trending fault. 
However, the zones of intersection are effectively 
covered by Quaternary-Tertiary gravels. The gneissic 
rocks in the hanging wall of the detachment fault are 
intensely sheared and altered (argillic) where this 
northeast trending fault passes through them. Strong 
hematitization and chloritization accompanies the 
sheared rocks, and, at several places, baritic quartz 
veins were noted along the same structure. 

The main rock type in the Section 22 portion of the 
Senator property is Proterozoic porphyritic monzo- 
granite. This coarse grained igneous rock is generally 
quite fresh-looking except where it is cut by a couple 
of northeast trending shear zones, and in the southern 
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part of the section where a northwest trending fault 
zone was observed. The rocks along these structures 
show evidence of argillic alteration (mainly clay- 
altered feldspars), and chloritization of mafic minerals. 
Iron oxides are also quite abundant along the same 
zones. 

Between Sections i0 and 22, and west of the Senator 
mine, is a body of Cretaceous two-mica granite. This 
interesting rock shows a patchy distribution of hydro- 
thermally altered zones consisting of a quartz-sericite- 
limonite assemblage. This two-mica granite occurs only 
in the footwall of the regional detachment zone. At 
the Senator mine where the detachment fault is in im- 
mediate contact with this pluton, a broad zone of sili- 
cification with quartz vein-breccias has been formed. 
This zone was the apparent target of the gold mining 
activities, though several pits and a shaft were ex- 
cavated on a high-angle, northeast trending zone of 
fault-veins as well. 

Cretaceous two-mica granites also crop out in the south- 
ern portion of Section 2, and near the common corner 
of Sections 9, i0, 15, and 16. A particularly large 
mass of two-mica granite is located a couple of miles 
southeast of Senator (see attached regional map). And, 
farther southeast, the Proterozoic monzogranite has 
been changed to episyenite in irregular zones that may 
be positioned above apical portions of a buried Creta- 
ceous granite. All of these occurrences seem to define 
a northwest trending corridor in which they were in- 
truded. 

The alteration in Section i0, found associated with 
rocks along the northeast trending structures as well 
as the detachment zone, could have resulted from hydro- 
thermal fluids circulating above a Cretaceous granite. 
Emplacement of such a thermal "engine", into Precambrian 
rocks suspected of containing preconcentrated amounts 
of gold, forms an interesting hypothesis for explaining 
the gold-bearing structures. 

The gold occurrences related to the Miocene detachment 
zone at the Senator mine and in Section 10 consist of 
irregular masses of quartz vein-breccia. These highly 
resistant blocks are typically encased in iron oxide 
stained gouge. Some very fine grained sulfides have 
been observed in this "tectonic paste", and small, 
broken veinlets of quartz-barite-iron oxide have also 
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been found in the gouge material. Copper oxides (mainly 
chrysocolla) are commonly associated with the vein- 
breccias, and several wulfenite crystals were observed 
in a sample from the central portion of Section i0. 

All in all, the mineralized vein-breccia material caught 
up in the detachment zone appears to have formed at 
some time prior to the development of the low-angle 
faults themselves. In fact some of the vein material 
closely resembles recrystallized epithermal sinter, i.e. 
some delicate banding and crustiform textures are faintly 
visible. If so, the detachments could actually be old 
erosional (unconformities) surfaces along which more 
recent tectonic adjustments had taken place. 

Geochemistry - Reconnaissance sampling at the Senator property was 
necessarily restricted to the relatively small area of 
bedrock exposures in Section i0. Additional samples 
were also collected from the altered rocks associated 
with the several structural zones identified in Section 
22. No systematic approach was utilized, though a 
conscientious effort was made to sample rocks that ap- 
peared to be visibly altered, or contained limonites 
that indicated a likelihood of having been sulfide- 
bearing rocks prior to oxidation. At no places were 
samples "high-graded" with only obviously mineralized 
vein materials. However, vein material was represented 
in samples from zones that carried a sufficient density 
so as to to warrant its influence as part of a mineral- 
ized area. 

The gold values in Section I0 do not indicate a large 
gold-ore zone at grassroots. The basic results from 
the sampling to date confirm the presence of gold (and 
other associated metals) in altered zones located along 
the major structures. In Section i0 these are the two 
main northeast trending faults and shears, the detach- 
ment zone, and a northwest trending fault. Samples 
collected away from these structural zones are effect- 
ively barren with respect to gold, at least in those 
areas that have been sampled to this point. 

A couple of the highest gold values in Section i0 have 
come from the northwest trending fault zone. At each 
of the sample sites the rocks contained irregular zones 
of silicification in otherwise weakly to moderately ar- 
gillically altered and chloritized Proterozoic monzo- 
granite. Near the eastern boundary of Section 10, where 
the sample containing 1859 ppb Au was collected, the 
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monzogranite was flooded with very small quartz- 
limonite-copper oxide veinlets. The distribution of 
this material could not be accurately defined because 
of the extensive gravel cover surrounding the min- 
eralized exposure. It should also be noted that there 
were also a significant number of limonite stained 
fractures at this location that had a N30E strike 
direction. 

The analytical results from the Section 10 samples also 
indicate something about the possible nature of the 
mineralizing system that caused the localized gold en- 
richment and associated alteration. Relatively anom- 
alous values for barium, arsenic, and antimony have 
been detected throughout this area. Typically, elevated 
amounts of the elements in association with gold would 
suggest a high-level, possibly epithermal-type system. 
Unfortunately, mercury was not analyzed in these samples 
or it too might have confirmed this suspicion. 

The anomalous barium values in Section i0 appear to be 
widely distributed with no apparent bias for either 
structure or lithology. This is in accord with the 
fact that quartz-barite veinlets were found throughout 
the entire area of bedrock exposure, and especially in 
the float material located in the eastern half of the 
section. 

Weak to moderately anomalous arsenic and antimony values 
show a slight preference for the altered rocks located 
along the northernmost of the northeast trending fault 
and shear zones in Section I0. It also appears that 
the monzogranite contains higher arsenic values as com- 
pared to those in the paragneiss. On the otherhand, 
antimony seems to be evenly distributed between the two 
different lithologies. 

Base metals (Cu,Pb,Zn) in samples from Section i0 do 
not indicate any widespread distribution of anomalous 
values. Rather, it appears that some high copper con- 
tents are present along the detachment zone as well as 
the northwest trending fault. Zinc values suggest a 
similar relationship though only two of the samples 
Can be considered anomalous (+i00 ppm Zn). Basically, 
these results imply that if there is base metal en- 
richment in this system, it would have to be at some 
deeper level. 

The Section 22 area also revealed some interesting geo- 
chemical results from the relatively few samples taken 
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there. A couple of the most anomalous gold values from 
the Senator property were found in rocks collected from 
along northeast trending fault and fracture zones in the 
northwest-quarter of the section. Similarly, a northwest 
trending fault zone in the southern portion of the area 
also contained somewhat anomalous gold values. All of 
these samples were collected from the Proterozoic monzo- 
granite that appeared to show the effects of alteration 
only near these structures. 

Barium, arsenic, and antimony were not found in anomalous 
quantities in the samples from Section 22. However, a 
number of samples from the northeast trending faults 
in the northwest-quarter of the section did contain ano- 
malous zinc (114-551 ppm). Also, one sample from a 
parallel fault farther south yielded a 1081 ppm copper 
value. These results, together with an apparent lack 
of more pervasive alteration, indicate that hydrothermal 
fluids were effectively channeled through the broken 
rocks of the fault zones. The location of these anoma- 
lies near the edge of bedrock raises the intriguing 
question of what lies beneath the post-mineral cover 
to the west. 

Target Type - Structure-controlled alteration and geochemical 
anomalies in Section i0 clearly indicate the importance 
of rock fracturing with respect to potential ore-forming 
environments. The gold ore zones (+0.i opt) at the 
nearby Senator mine were probably controlled by the 
distribution of gold-quartz vein-breccias caught up in 
the detachment zone; yet the question still remains to 
be answered -- where did these mineralized veins form 
originally? An hypothesis recently proposed by the 
USGS (Professional Paper 1361) shows the siliceous zone 
at the Senator mine and adjacent areas to be the result 
of reprecipitated silica (and metals) from episyenite- 
producing hydrothermal metasomatism (see attached figure). 

Basically, a Cretaceous two-mica granite is emplaced at 
relatively shallow depth within the Proterozoic crust. 
Fluids evolving from the magma will mix with those re- 
leased from the altering wallrocks near the contacts to 
produce a hybrid fluid with high water content, high K +, 
and low silica. Further reaction of the fluid with 
wallrocks should make it quite alkaline and capable of 
dissolving and transporting gold. The gold may have 
been supplied from preconcentrated facies in the Early 

- i0 - 



 ?il 
k~5 

Proterozoic paragneiss sequence. The gold'enriched 
exhalite-bearing stratigraphy at the Owens mine appears 
to substantiate such a model. 

During their upward migration the alkaline and fluorine- 
bearing fluids will dissolve silica. At some point 
the changing alkalinity ( to acidic) of the fluids causes 
excess-silica and any gold to precipitate. This would 
account for the so-called caprock silica-breccias at 
the Senator mine. Veins containing quartz-barite- 
carbonate±gold would form from the same general fluids 
that made it to relatively higher levels, i.e. less 
than one kilometer below the surface. 

Since the quartz-bariteegold veins in Section 10 are 
largely controlled by the locations of major fracture 
and shear zones, the obvious targets for exploration 
would be somewhere along these structures. The most 
persistent(regionally) and intensely deformed struc- 
tural zones are those with northeast trends. These 
appear to be segments of a major shear zone that cuts 
through the entire White Hills, and probably beyond. 
Some of the most intense alteration is localized along 
this zone of deformation. 

The two target areas proposed for Section 10 show a 
clear bias for the northeast trending structures located 
there. As first approximations they are believed to 
represent the areas in which detailed follow-up work 
should be conducted. Post-mineral cover in these and 
adjacent areas will hamper the amount of surface work 
that effectively can be accomplished during their 
evaluation. Likewise, the apparent low total sulfide 
content of the systems (except for a possible increase 
at depth) will not make them very good geophysical tar- 
gets. At some point, the only way to really test their 
merits as ore targets will be to drill shallow, recon- 
type holes. 

Hypothetical ore zones would probably occur in areas 
where the major structures intersect. Intersections 
between the northeast and northwest trending fracture 
and shear zones are particularly interesting sites. 
The detachment zone itself is probably not a good struc- 
tural host because it should post-date the Cretaceous 
two-mica granite-related alteration and mineralization 
processes. However, it may serve to indicate locations 
where the Cretaceous age systems have been caught up 
in the deformation along the low-angle fault zones. 
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An hypothetical buried target area is proposed for the 
western portions of Section 22. The exact type of tar- 
get is not clearly understood though it would occur in 
a zone of projected intersecting structures. The geo- 
chemical nature of the rocks along these structures at 
the edge of exposed bedrock, suggests the possibility 
of buried porphyry-type system with a peripheral en- 
enrichment of copper, zinc, and gold. Local areas of 
quartz-sericite alteration along the fracture zones 
supports the model for intrusive-related hydrothermal 
fluids. 

An anomalous amount of iron oxide (mainly hematite) in 
the gravels surrounding this target area leads to the 
interesting speculation that a sulfide system may have 
been partially oxidized prior to its complete burial 
beneath the overburden. In fact, close examination 
of some of the components of the gravels revealed the 
presence of cobbles of altered two-mica granite with 
abundant disseminated and fracture-coated limonites. 

A Cretaceous age, intrusive-related target within the 
Proterozoic monzogranite should show up in magnetic 
data that could be generated at relatively low cost. 
Likewise, any build-up of sulfides related to a buried 
fossil hydrothermal system should be detectable with an 
IP-resistivity survey. 
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Schematic relations among Late Cretaceous two-mica monzogranite, 
cap-rock breccia, episyenite, and Miocene detachment fault. A, Silica-undersaturated 
fluids (arrows) associated genetically with episyenite probably were generated by 
chemical interaction with Proterozoic mafic and ultramafic rocks during the Late 
Cretaceous as fluids evolved from two-mica monzogranite (see text). Flat-lying cap- 
rock breccias, such as that at Senator mine, probably represent areas of silica deposi- 
tion above deep episyenite. B, Subsequent faulting along low-angle Miocene detach- 
ment surfaces further brecciated veins, such as those at Cyclopic mine, during 
tectonic transport from site(s) of original deposition. Fault, solid line; dashed where 
projected, queried where uncertain, arrows indicate direction of relative movement. 

gold occurrences related to Cretaceous two-mica 

the Gold Basin district, Mohave County, AZ. (from USGS 

granites 
PP 1361) 
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mlde r l l ( l |  l a d  cllnopyroxenl+ Clole  Io ch l l l ld  m l r g i n l  ol l a m a  
(t++h OUl¢rOpl oi u n d l l o r m l d  d l l b l l e ,  ol lvlnl  I i  Sound Io ¢onean- 
IrlliOns 04 I I  much I i  | 0  ¥o luml  pef¢Iml, S m l  II I f t l l e l l  oi | ld l .  
g r l lned  d l l b l l e  c lap  onl  IpOtldlc l l ly  In I=11111 Pr olerololc Ign lou l  
l a d  111111molrphlc rOCkl. Mol l  l l l l n l l V l  l l p O l U l l l  l l a  ibo t l l  2 km 
e l l l  ol G l r n l l  Mounll in,  Subophlllc l i l l lUlel  i r l  dolTliolnl, Lollff  
chUled ml rg in l  ol l a m e  IUls ¢onlain I p a r l l  hornblende l a d  hial l t l  
l~tlclovllnlell.  PrelulSmed Io ba co~r•lallve wllh lhe d l l b l s l  ol 
Siena Anchn. Ariz.. h l v ing  I n  emplncemln l  age  ol I . I S 0  Mo 
{SllVel, 1963) 

~ Porphyrilbr monsog |ant ta  ol Gnrnet Mount•In (1=arly ProlarosokO-- 
Includes conepicuous, large pOlt l l l l /m le ld lp l r  phlnocrVl l l ,  l e l  
lh • Ilght-pinkklh.grayo ¢oo l l l *p r l l n ld  hypldiomorphl~ ground. 
mOIl. Mlny  ll~OllJrlPl I how  llbuldlr p h l f l K l l / l l l  Ol mMch I I  10 

cm long. Somg phons  orl prldomtagglK/tubpo~phyflliC i l r l l le  
lad Ih0w In 0im0sl ¢0mllull Irldlli0~ in ol:t ol Ihlll Ivhldrll 
I~tauJvm bl~Nr phe.m'tym. Nero ~ d ~  ~ m.** cr01m 
OUl In Ihg lllIN1gl o r g l  cA G l l m l l  MollmtSlkn. kn Ihe Soulhglialefn 

p l r l  04 l h l  llreo, and imllOll l  d l i~ml ln t~ul l~  kom thera I0 m m h  
I k ) l ~  Ins ~ hd le l~Jlldkltll m ~l+l~id ~l~llk PliRe rt. .a.4 I~. t l J . . ~ +  

Fg"CI'I Gronodlorlte border facies ol porphyrll ic monzogrontte (Early Pro+ 
ferosolcI--Grlly gronodloflte fh• l  Includes variable proporlldns el 
biotite, hofnbllnde, qu•rlz, plngic~leee, and polnsslum kldspnr. 
Includes leu  abundant porphyr i l~ gr•nodlor l t•  and porphyritic 
monlogronlle ph•ses. Loc•l ly coarse grained •nd sparsely por- 
phyrlllc. Porphyritic ph•ses show potassium feldspar phenocrvsts 
N t  in colrl le*gr•lned hornblende-biotite hypldlomorphl¢ gr•nublr 
malr lz Ih • t  Is very m•gnell le rich. Crops out along west and 
soulhwelt f l lnks  of GIIn I I  Moun ts •  as marc  border iacles ol por- 
phyr i t ic  u n h i n g e • n i l e  of Garnet Moun t • i n .  Found i s  
homooeneous dl lcrele bodies end •11o tn the mixed granodiorlle 
complex (Xgu) 

[ ]  S llollle monzogrlnl le (E•r ly ProteroloK:l-- lnclud~l a homogeneous 
light-gray, line*grained monzogranlte and lame porph*~rnic sautes 
COntaining I:JOlasslum-kldspal •nd qu•rtz pheno<:rysls. Clops ouI 
South-southeast Ol O•l~nel Mountain and in t h l  southern part  oi 
l h l  Gold l~l•lln mlnlng dIslrlct. In Ioulhern Gold R•SIO dlllrlCl. 
f a t a l  11011 rock for I tumlroul  f luo l i l l , b l l r l ng ,  qu l r lZ -C l lbon l l l  
velnl ,  p r l l t l m l b ~  LIfE Cl l l lC•OUl  in Igl+ l O m l  ol which con- 
11111 Vlllble gold 

[ ] L l u c o c r l t l (  m o n l o g r • n l l •  el:fray Proll+OlOlc)--Typlcll ly llghl- 
9111nwllh,gtlV lock  and g l n l r l l l y  nonporphyrlllc. P•r l ly chlorll.  
Sled binlUe m l k l l  up I l l •  l h l l t  5 perClnl of m o l l  ouIcrope. CSOpl 
O111 l •  dls¢onlinuoul, lensoid mosss~ nk)ng wt l tern konl 01G•rnel  
MOUnlam. Where well ezpoled. CoOl•ell with porphyritic man. 
s@grOOlla of Gnrnee Haunt• In  4Xpml show Irregular dike OHlhOOl• 
01 porphVrllk monzogranlle ol G l r n • l  Mount•in CUrling lsUCOCrIllC 
m o n l o g r l n l l l  

~ Mixed gr•nodiorl te  c o u p l e s  (Elr ly  ProlerOlOlCl--Compolul unll l h l l  
Inc ludl l  mainly gr •nodmr l l l  iXgdh some ol which Is porphyritic, 
and porphyflttc monlogr•n l le  o |  Garnet Mountain (Xpml, Also m. 
¢Iudel  lOml  leucocrll lC monlOgr ln l l l  (Xlm) 

[ ]  Gn•l l l lC g r lnod io f l l l  l [ I r l v  P r o l l r o l o l c | - - G e n l r l l l y .  well.lolialed, 
medlum-gr•y-grll~rl roch conlawling hlghly v•r l l lbl l  alkall le ld lp l l  
In pllglOCiale r• l lOl .  BIOIIII makes  up •Soul  20 l, u luml  p~It Inl  

[ ]  of unll, Crops out in elongate body In Ioulhern While Hills 

Leucogrmnlle ( EJirly Prolerozolc l --  Includes coarse-gr•med leucogr•nite 
Io pegm•l l l ic  leucogr•fl l le thai  ¢Onl•Inl potassium feldspar 
phenocrvslS I I  much • s  8 cm wlde. Idlrg+ll ml&l  llS l .km. lon  9 
sift cropping oul "1 klll nOrlhl~lll of (~ck)pk: mine. ~lllnglrrb tt.Velal 
Cenllmllers wide paral lel  layering Ihluughoul mural; . l  Ihst ~nltlsb 
(Xgn). Fabrics grade ham rlliallVely undefurmed Io intensely 
mylonlllc. Nor lhe•s l  nl Gold Hill mine. large slllb of pegmllliIC 
leucogrlmle •crease in abundance and evenlulll v 9r •d t  tnhl Cool. 
plezes +)l n l lgmll i l l¢  leUCllgrlfllle i Xllll), MOI! alcove SllilW ll l .d+l 
compositions t h l l  plol Ill lhe field ul grdnlte; bnnllp UUILIIJp+ ul 
9n•tISlC Ilucogranlle cuntoia 9arnel 

Feldspar gneiss (Early P ro l e ro lo l c l -Gsne r • l l y .  light gray Io light 
pinkish gray: ¢omposllion•Jlv homogeneous lad Iyplfl ld by a 
strongly l ine• led labrlc. Includes minor •mounts of •mphlboll le. 
marc  gneiss, hlghl V crenulated quartz l aura• f loe  schtlt, nnd |our- 
mll in i le.  Crop• oul in • 5-km*iong and 0.8-km-wlde sliver. 
I~unded by laulls in soulhern Lol l  Basin Range. Cul hy quartz- 
leldspar veins, some Or which conlaln gold 

Mignlallllc leucugr•nise compile (Early PrOlelOZOlcI--Compoi;lle unit 
te l l  includes swarms of leucogl•nlle (Xll. •pl i le.and pegmallle 
dikes. Ingather wilh pegm•lold 0uartz veins 111 CUlling gneiss 
(XgnI+ ~omplex and highly deformed by • ductile (mylonltlc end 
gneossncl Slyle of delormalion 

Gneiss l l: l lr ly Prolerozolcl--Includes variably metamorphosed gneiss 
and some mellquarlzile in north•In parts o1 the Lost Balln Rll~3e , 
and In northern While IIIl ls. I:iposed sequence ol gneiss in 
southern p i l l s  ol Ihe Lol l  Basin Range includes •bundnnl 
m a l l b l s l l l  and amphlbollle ¢onSllling p l r l l y  ol melngllbblo.  
mellCllnop~Irollnlll ,  m l l l w l h r l l l l ,  mlrtldll~Hls(, l a d  m e l l b l s • l l .  
Inlruded Io ulrylng d l g r l l l  by polphyrllkC monsogr ln l l l  O4 GIn~II 
MOllnllm ( Xpml.  b lo l i l l  Inon log l ln l l e  (XbmI,leu¢OCllllC moo,  
l o g r l m l l  lXlml ,  l l ucog r ln i l e  IXl). and d i a h l l l  (Ydbf 

~ Mlgml l l lK  gneiss (Early Prolerosolc)--Composlle  unll l h l l  Includes 
nos i ly  gneiss lXgn| tnlruded IO v lw ing  degrees by polphyrllk: 
nlunlclgrslnlle ol (.;111111 Mountain (Xpm). hioIIle monzogr•mte 
|Xbm}. and granodmrlle (Xgd) 

Migmall le  lElTly Pro le lo lo lc l - -Compos l l •  onll lhal  Includes mostly 
mld lum-g l l Jn ld ,  i pa l s l l y  polphyrlllC rnonlogr ln l le  o1 G l r n l l  
Mount•in (Kpm) ¢omplealy inl ludcd mlo gnlis$ IXgn) 

~ ( ~ O n l • c f - - ( = ~ u e r l e d  where Iocnllon urlcerlain 

- -  ~ I )el•rhnlvnl  laud --Dashed wh i r •  II~rom II~t•lely kl¢•led: dolled whi te  
(*mlealed; quelled whale uncert•m, ~awleelh un upper place 

• | ude-g(dd hN.+sllly--(.~ullected hlr Ih l t  reporl or obselrVed Isee HI•cat. 
lY?S. end sectmn by J I+. Antweiler and W,L. Campbell. Ibis 
repurl) 

e " ~ ' e ~ l | | l l l l l t l r  ¢llCtlttEflcewlJuial hoii5 uhl l r¥1d l i lhef  in I / l int  ur 

dlbbl,'lllHIdllPd Ill ihe I die t,~fffldtlllUk Iwu. f l iK I  fl lUAlOgrigll l, 

d - th rd  w i l l i e  dpplOlllOtdllty lu~plld, qui l led whgre vnCf l l l ih  

y ~ ' ~  A . , 4  Id . Illli4 YI dIPp41bis and |4w) mll~l, 
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Recent alluvium, colluvium, and local talus. 

Older terrace gravels and locally thick fanglomerates. 

Basalt flows; locally at the top of Senator Mountain. 

Alluvial fanglomerate deposits with intercalated silt- 
stones and mudstones. Locally includes rhyolite ruffs. 

Two-mica granite. Generally equigranular but locally 
some porphyritic phases. Some facies of episyenite 
with fluorite-carbonate-sericite alteration. 

Porphyritic monzogranite. Locally leucocratic phases 
with quartz veining. Large K-feldspar phenocrysts. 

Paragneiss with locally minor orthgneiss. 
small, conformable bodies of amphibolite. 

Includes 

Faults and shear zones. 

Strike and dip of foliation 

Intensely sheared rocks 

Approximate geologic contact. 

Explanation for the geologicmap of the Senator property, Mohave 
County, Arizona. 
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Cu ~ Zn GEOCHEMISTRY 
l":  SCAL l : 2OQQ' 

PROPERTY: Seqg~or 
LOCATION.  Mohave Co., Ar izona 
DATA 1¥! gJH 
DATE : , l  I 1=~(19 REVISED r 

ECM Inc. 
P.O. Box 3493 
BlllinQs~ Montana 59103 
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PROPERTY; Senator 
L O C A T I O N :  M o h o v e  Co . ,  A r i z o t l g  
DATA BY" GJH 
OAT[ : . !2/SIS REVISED: 

ECM Inc. 
RO. Box 3493 
Billinas, MontQno 59103 
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Ba GEOCHEMISTRY 
SCALE: I " :  200Q' 

PROPERTY; ~notgr 
LOCATION: Mohove Co. I Arl;o,q 
DATA BY: OJH 
DATE: 12 /89  REVISED: 

ECM Inc. 
P.O. Box 3 4 9 3  
Billlnosf Montana 59103 
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SCALE. I": ZOO0' 

PROPERTY; $enatcr 
LOCATION: Mohove Co., Arlzcrlq 
DATA BY: ~JH 
DATE : 12/89 REVISED:. 

ECM Inc. 
P.O. Box 3495  
Billinqs, Montana 59103 
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T A R G E T  A R E A S  

SCALE: I": 2000' 
PROPERTY; Senator 
LOCATION: Mohave Co., Ar i zona  
DATA BY: eaH 
DATE: 12/8S REVISED: 

ECM Inc. 
RO. Box 5493 
Billinas, Montana 59103 


