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Mr. B. W. Kliebenstetn 
Mining Director 
Phillips Petroleum Co. 
P.O. Box 139 
Salt Lake City ~ Utah 84110 

Kliebenstein: 

Thank you for the maps and information I received during 
, my visit to your offices on March 26 and 27, 1973. 

After evaluation of this cata we have concluded that further 
work on the Ward District would not be justified at this ti.me. Please 
keep uS informed of- future developments at this property. 

We are interested i;n any copper deposits being offered for 
sale or outsi.de participation •• 

DCT:td 

Dennis C.
o 
Temple 

Senior Geologi.st 

ESSEX INTERNATIONAL, INC. 
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MEMO TO FILE April 20, 1973 
By: D.C. Temple 

SUBJECT: Ward Mining District 

On Feb. 7, 1973, Phillips Petroleum Co. submitted for consideration 
the Ward District properties they control in partnership with Silver 
King Mines Inc. 

A visit was made to their offices in Salt Lake City, Utah, and Ely, 
Nevada, on March 26 and 27, 1973. Maps and sections were obtained 
in order to evaluate the results of recent drilling. A geologic report 
is in ou r files. 

The mineralization is restricted to four bedded replacement horizons 
and one skarn horizon over a vertical range of 1500 feet. There is a 
large variation in assays from intercept to intercept within a given 
horizon. Gross value varies as much as $44.61 between adjoining 
intercepts. The uppermost replacement bed is intersected by the Pay­
master tunnel, approximately 4000 feet from the portal. An i.mpressi.on 
was developed that mineralization within a horizon will have an irregular 
patchy distribution similar to that at the well known Park City, Utah, 
district. No mineralization was reported from quartz monzonite porphyry 
underlying the district or from dike rocks cutting the sediments. 

Two ore reserves, A & B, were calculated from drill hole intercepts. 
The following parameters were used: 

1. Minimum intercept thickness of 6 feet. 
2. EM/J, Feb. 1973 values of Ag., $2. 24/oz; Pb, $0.15 Ib; 

Zn, $0.19/1b; and Cu, $0.55/1b. 
3. Minimum gross value of $20.00/ton. 
4. A. Half the distance to the nearest hole and approxi­

mately the same outside the holes. 
B. A 50 foot radius around each hole. 

- continued 

-1-
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-2-
." 

Tabulation of Ward District Ore Reserves 
Avg. 

Bed Tons OzAg % Pb % Zn % Cu $/Ton Thickness 

A. Upper Joana Ore Zone 553,036 1.80 2.26 2.66 1 .27 $34.89 8.9' 
Basa 1 Joana 0 re Zone 2,378,173 1.63 0.62 4.65 0.97 33.85 15.5' 
Upper Guilmette Ore Zone #1 515,995 .97 0.16 1 .76 1 .94 30.68 13.4' 
Upper Guilmette 0 re Zone #2 4,132,232 1.42 0.41 3.27 1 .51 33.45 9.3 1 

Lower Guilmette Ore Zone 1 ,543,982 1 .38 0.09 2.25 1 .36 26.87 14.2' 

Total & Averages 9,123,418 1.46 0.51 3.33 1 .35 $32.30 13.4' 

B " Upper Joana Ore Zone 53,168 2.23 1 .83 3.39 1 • 71 $42.18 Same 
Basal Joana Ore Zone 203,244 1 .82 0.67 4.70 1 .72 42.87 
Upper Guilmette Ore Zone #1 31,614 1.07 0.31 1.55 1 .72 27.60 
Upper Guilmette Ore Zone #2 188,543 1 .36 0.26 2.97 1 .49 31 .51 
Lower Guilmette Ore Zone 76,716 1.45 0.09 1 .88 1 .42 26.28 

Total & Averages 553 2 285 1.60 0.54 3.41 1 .60 $35.78 Same 

Reserve A represents the ultimate potential of the area drilled. 
Reserve B represents the probable ore and should be used for production esti.mates. 

The 50 1 radius used is a reasonable projection for this type of deposit. 

Dri.lling to date has been centered on the most favorable igneous and 
structural locus. Although the ultimate limits of mineralization have not 
been located, a decrease in economic potential is to be expected if develop­
ment is extended beyond the most favorable locus. 

Due to the irregular distribution of mineralization, large volume operation 
is unlikely. It is estimated that 500 tons/day would be an optimum pro­
duction rate from these properties. 

Since no evidence of porphyry copper mineralization or large contiguous 
tonnage has been developed, it is recommended that no further work be 
expended on the Ward District at this time. 

DCT:td 
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Mr. B. W. Kliebenstein 
Mining Director 
Phillips Petroleum Co. 
P.O. Box 139 
Salt Lake City, tah 84110 

Dear Mr. Kliebenstein: 

Mr. Paul Eimon -has referred your information on the 
Ward properties to me for evaluation. I will be in Salt Lake 
City on March 19 and March 26, 1973. Could I make an appoint­
ment to review your data concerning this property on one of 
these dates? 

Very truly yours, 

DCT:td 

cc: P.I. 



Mr. R. W. Kliebenstein 
Mining Director 
Phill ips Petro leum Co. 
P.O. Box 129 
Salt Lake City, Ltah 84110 

Dear Mr. Kliet.enstein: 

January 31, 1973 

This witl acknowledge your letter of Januar-y 11, 1973 
to Mr. Howard Lanier concerning your properties owned jointly 
with Silver King Mines in the Ward Mining District near Ely, 
Nevada. We are interested in evaluating the dats on this property 
and wotJld like to make an appointment to review i.t with you. 

Essex, as you may know, is a major consumer of copper 
and our primary interest in exploration is developing sources of 
copper for Essex. We would appreciate a brief geologic cis­
cription of the property by mai l prior to making an appointment 
to review the data. If this is not possible we win be able to have 
one of our geologists visit your office in Salt Lake City during 
February or March. 

PIE:td 

Very truly yours, 

Paul I. Eimon 
Manager of Exploration 
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PHILLIPS PETROLEUM COMPANY 
P. O. Box 239 . 
Salt Lake City, Utah 84110 

January 11, 1973 
R 
fA 

Mr. Howard Lanier, Manager 
Mining and Metallurgical Division 
Essex International 
1550 Wall Street 
Fort Wayne, Indiana 46804 

Dear Mr. Lanier: 

File: Kl-7-73-EMD 

"" . ~ lv' '. ~ ........ ~ r ~' 

iAN 1 91S]3 

R£<;:£J "£D 

Phillips Petroleum Company and Silver Ki ng Mines have 
significant ore reserves of copper and silver on their jointly 
owned properties in the Ward Mining District near Ely, Nevada. 
Possibly these reserves may be of interest to Essex International. 
If so, we would be pleased , to make our data available for evaluation. 

We are enclosing a copy of the understanding which Phillips 
and Silver King Mines, Inc. lraye i n regard to the Ward Mining Dis J:r ict 
At the present time, Phillips owns 51% of the District an Silver King 
49%. 

If you think your company may be interested in these 
properties, we would appreciate hearing from you . 

RWK:gb 
Ene. 
cc: Mr. D. E. Fryhofer 

R. W. Kllebenstein 
Mining Director 



~ . ' 
. , .L .... ... 
~. . 

PHILLIPS-SILVER KING PROPERTIES 
WARD MINING DISTRICT, NEVADA 

Phillips Petroleum Company and Silver King Mines, Inc. own 

certain mineral properties in the Ward Mining District, White Pine 

County, Nevada. Phillips and Silver King have agreed to consider any 

proposal you may desire to submit for acquiring an interest in these 

properties which incorporates or otherwise reflects the general terms 

set forth below: 

1. There will not be any requirement for initial money 
consideration. 

2. The present operating agreement between Phillips and 
Silver King will be replaced by a new operating agreement 
to be negotiated and which will become effective as of 
the date the purchaser elects to proceed as set out in Item #5 (a) 
below. 

3. An option will be 'granted for a period of 18 months during 
which period the purchaser agrees to spend a minimum of $1. 5 
million. 

4. The purchaser may by payment of additional consideration (the 
amount of which is to be negotiated) extend the 18-month option 
period up to an additional 6 months. 

5. At the end of the 18-month option period (or any applicable 
extension thereof) the purchaser shall elect to either: 

(a) Proceed to bring the properties into commercial 
production at the earliest possible time in accord 
with good minerlike practice; or 

(b) Relinquish all rights in the properties and turn over 
to Phillips and Silver King all equipment, informa­
tion, data and reports relating to or used on the 
properties. 

6. At such time as the purchaser has spent a total of $3 million 
on the properties, it will have earned a 5~1o interest in the 
properties. 



, ' ~ 

,.,., 

-2-

7. The purchaser could acquire an additional 10% interest 
in the properties upon terms to be negotiated. 

8. The remaining interest retained by Phillips and Silver 
King is to be a carried working interest and would never 
be required to make any contributions. The retained carried 
working interest will be owned by Phillips - 51% and Silver 
King - 49%. 

9. No monies spent by the purchaser to earn a 50% interest and 
no monies spent by the purchaser under (4) and (7) above 
are recoverable by the purchaser; however, the purchaser 
'(as operator) will be entitled to recover out of a percen­
tage (to be negotiated) of the net operating income all 
other expenditures, plus interest thereon, it has made to 
place the property into production. 

A response indicating the extent of your interest will be appreciated. 

Please direct your responses to either Phillips Petroleum Company or Silver 

King Mines, Inc, or both, whichever you prefer. 

Silver King Mines, Inc. 
1204 Deseret Building 
Salt Lake City, Utah 84111 

Phillips Petroleum Company 
Energy Minerals Division 
781 Frank Phillips Building 
Bartlesville, Oklahoma 74004 

ft-
'J 

Very truly yours, 

SILVER KING MINES, INC. 

PHILLIPS PETROLEUM COMPANY 



PHILLIPS PETROLEUM COMPANY 

P. O. Box 239 
Salt Lake City, Utah 84110 

February 7, 1973 

Mr . Paul I. Eimon 
Manager of Exploration 
Essex International Company 
Metallurgical and Mining Division 
1704 West Grant Road, 
Tucson, Arizona 85705 

Dear Mr. Eimon: 

As you requested in your letter of January 31, we are enclosing 
a geologic report on the Ward properties. Also, the report contains a 
section discussing ore deposits of the Ward Mining District, White Pine 
County, Nevada. 

We will be pleased to have you evaluate the available data 
we have on the properties. 

RWK:gb 
Enc. 

Very truly yours, 

Klie enstein 
Mining Director 
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I. INTRODUCTION 

The Ward Mining District is located in White ~ine County, 
Nevada, on the eastern slope of the Egan Range, about 15 miles south 
of Ely. The district encompasses about ~O square miles, although 
most of the mining activity has been concentrated in Sec. 14 and l~, 

T. 14 N., R. 63 E. Meridian. The district can be reached 
by traveling south from Ely six miles on Highway 50, then southwest 
on graveled County Road 46, then west three miles on graded dirt 
road. 

At the eastern edge of the district, the flat expanse of 
Steptoe Valley, planted in crested wheat grass, yields to the jun­
iper-covered foothills of the Egan Range at an elevation of 6800 
reet. Moving westward and upward, the juniper gives way to Pinion 
Pine; then White Pine and Balsam Pine predominate, until the west­
ern edge of the district is reached at the summit of the range. 
Here, at elevations above 10,000 feet, White Pine and Bristlecone 
Pine are the only large rorm of vegetation. 

Ore was first discovered in the district in 1866. About 
100,000 tons of ore were produced between 1870 and 1883. The town 
of Ward claimed a population of 5000 during that time, but by lA~~ 

the town was largely deserted, and only ruins remain today. 

II. GEOLOGV 

A. Regional Setting 

The Egan Hange 11es in the Basin and Hange Geomorphic 
Province, which is characterized by narrow north-trending mount ain 
ranges separated by deep alluvial galleys. This mountain-trough 
geomorphic expression is the result of north-trending,nhigh-angle 
faults of large displacement, which have formed a series of horsts 
end grabens. 

The Egan Hange extends from Ely southward a distance of 
60 miles. The range averages six miles in width, and is flanked 
by Steptoe Valley to the Bast and White Hiver Valley to the west. 
The range is composed of Paleozoic sedimentary rocks which dip 
generally to the east. The paleozoic rocks were intruded by Cre­
taceous and Tertiary igneous rocks and were overlain in places by 
Early Tertiary volcanic and non-marine sedimentary rocks. The 
flanking valleys were filled by a great thickness of alluvium. A 
U.S.G.S. gravimetric survey indicates that the thickness of the 
Tertiary and Quarternary sediments and volcanics exceeds 7000 feet 
in Steptoe Valley east of the ~ard district (Carlson and Mabey, 
1967) • 

B. Sedimentary and Volcanic Rocks 

1) General 

Paleozoic sedimentary rocks in the southern Egan 
Hange extend in age from Cambrian to Permian, and consist predom­
inately of limestone and dolomite with subordinate shale, s ondstone 
and quartzite. The total thickness of Paleozoic rocks exceeds 

.- y ; 
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15,000 feet. These sedimentary rocks are described in several 
publications. 

The oldest formation exposed in the Ward district is 
Pennsylvanian Ely Limestone; however, Mississippian Chainman Shnle 
and Joana Limestone, Devonian Guilmette Limestone have been pene­
trated by drill holes (Fig.3). Rock older than Guilmette Limes­
tone is not present in the Ward district, having been replaced Qr 
assimilated by the Ward intrusion, and will not be described in 
this report. 

2) Devonian Guilmette Limestone 

The Guilmette Limestone. of Devonian age, is exposed in 
most mountain ranges in White Pine County. It typic a ll ~ consists 
of 1500 to 2500 feet of fine-grained, bluiSh-gray, massive cliff­
forming limestone, with or without subordinate interbedded dolomite 
and sandstone. In the Egan Range the Guilmette is distinguished by 
ita thickness (2500); by the thickness of indivldual beds ,up to 
50 fest); by its fine-grained, homogeneous nature; and by its scar­
city of fossils, except for abundant stromtoperoids (Langenheim et 
a1 in Guidebook, P.L15). 

Guilmette Limestone crops out four miles west of the Ward 
district, on the west slope of the Egan Hange. (Willow and Wate r 
Canyon Localities, Fig.2 and 3). It is 25UO feet thick, and i s com­
posed principally of thickbedded, cliff-forming limestone. A thin­
ner-bedded, slightly shaly unit, about 200 feet thick, occur s in the 
middle. No sandy or dolomitic units are present. 

Guilmette limestone crops out 10 miles east of the W ~r d 
district in the Sch~ll Creel Hange (Connors Pass Loc ~ lity, rig.2) 
and (Fig.3). The Guilmette here is about 2000 feet thick, and con­
sists primarily of thick-bedded, cliff-forming limestone. Numerous 
sandstone and dolomite beds occur, mostly near the middle of the for­
mation. TheBe units are discontinuous and lenticular in nature, 
and the rapid and irregular lateral changes in lithology, coupled 
with complex faulting, make correlation within the Guilmette dif­
ficult (Drews, P.25). 

The contact of Guilmette Limestone with overlying Pilot sh a le 
requires close examination, because of its ecomomic import ance. In 
the Connors Pass exposure the upper 400 feet of Guilmette consists 
of silty limestone and limy siltstones (Drews, P.28, unit C). In the 
Egan Range exposures, the lower 200 feet of Pilot Shale consists of 
sha1y limestone and calcareous siltstone (Langenheim, P.67). This 
transitional interval, designated as upper Guilmette at Connors P~ss 
and s lower Pilot in the Egan Hange is correlated and design dt ed 
at Ward as the Guilmette transition zone. 

Guilmette Limestone does not crop out in the Ward distr i ct, 
but the upper part has bean penetrated by appro%imately 50 di amond 
drill core holes, drilled over an a rea of about one squar e mil e . 
The Guilmette has been intruded and met amorphoeed by qu ~ r:z monzo ­
nite porphyry, and only the upper part of the formation, a t most 
1000 fBet, is preserved. In most places the Guilmette can be sub-
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divided into three correlatable met astr a t agraphlc units; the upper 
100 to 200 feet, (Guilmette transition zone), is altered to g3rnet 
diopside skarn, and is a majo~ ore host. Below the transit i on zone 
the ~uilmette, is, in most are as of the district, altered to a fine 
grained, in ~art, banded marble; ne a r the contact with the Ward in­
trusion it is altered to garnet-diopside ska~D, and is a mdjor ore 
host. Relict dolomite has bees found in the sk arn zone. [h is dolo­
mite occupies a position in the Guilmette simil a r to the dolomit~ 
beds in the middle of the Guilmette of the Connors ~ a ss exposures . 

3) Devoni a n- Missippian Pilot Shale 

Ihe Pilot Sh ale, of Devoni a n and Mississippi an age , 
is present throughout most of east-centra l Nev ada . Loc nll y t he 
Pilot is missing, the Mississippian Joana Limestone resting dlscon­
formably on the ~uilmette Limestone. This has caused some wr ite r s 
to conclude that the ~uilmette-Pilot contact, while in a ppear ~ nce 
(because of its transitional nature), is actually disconformnbl e 
(Lengenheim, P.71; Drews, P.29).The ~ilot Shale is 100 to 400 fee t 
thick, and consists of platy clay sh a le in the upper part . The for­
mation is rarely well exposed, usu a lly forming gentle slopes Hnd 
saddles between Guilmette and Joana limestones. These Pi lot t dlus 
slopes are distinctive and ch a racteri ~ tic, consisting of yellow­
brown or tan chips and plates of siltstone. 

In the Egan Range exposures tFig.2 and 3), the ~il ot ~h?' le 
consists of two members, each a bout 200 feet thick. The lower mem­
ber is composed of shaly limestone and calcareous siltston ~ tGui l ­
matte transition zone), and the upper member is composed of bl ~ CK 

fissile shale (Langenheim, ~.68-7o). On the Conno r s Pass ex pos ­
ures (Fig. 2 and 3), the Pilot is nowhere well enough ex pos ed to 
permit careful description. The forma tion consists of dar k gr ~ y 
siltstone and dark gray silty cl a y sh a le, the silt ston e pre domin ­
ating in the lower part, and the shale predominating in the uppe r 
part. The Pilot is 300 to 500 feet thick (Drews, P.34). Dr ew s 
Pilot is beleived to be equivalent to Langenheim's upper member of 
the Pilot, since Langenheim's lower member of the Pilot is correl­
ated with Drews unit "e" of the ~uilmette (Guilmette transit i on 
zone). 

The Pilot Shale has been penetrate d by about 60 diamond 
drill core holes in the Ward district, and is exposed in recently 
driven workings of the Ward Mount a in Mine (Fig. 7) . The Pil o t in 
the district consists of about 200 feet of light cr enm to ligh t 
green, brittle, silicified sh a le. Finely l aminat ed bedding plnne ~i 

are well preserved, but the original fissility of the sh ~ le h ~s 

been destroyed bV the silicifica tion. The Pilot S h ~ le wa s ~ p p ' r­
ently a fairly well indurated and comp e tent form ~ tion, ~ nd tend ed 
to rupture rather than flow or deform during orogenic d j sturb:l ncps . 
The bedding planes show only loc a l conto r tion. Th e brittleness o~ 

the rock is evidenced by numerous fr actures which Are comlnDnl~ 

filled with calcite and quartz. Near the cont ac ts with the Guil­
mette and Joana limestones, the fr acture s commonly ~ re also f l lied 
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with pyrite, sphalerite, and galena. rhe Pilot served as a ph1-
sical-chemical barrier to hydrothermal solutions, and is not dn 
ore host in the district. 

4) Mississippian Joana Limestone 

The Joana Limestone, of Mississippian age, is present 
throughout most of east-central Nevada, ranging from 200 to 1000 
feet in thickness. It overlies, disconformably, The Pilot Shale 
(Langenheim, P.77). The Joana in most exposures consists of a bas a l 
massive, cliff-forming crinoidal limestone member, a middle, thin­
bedded, in part crinoidal, shaly limestone member, and an upper 
thick-bedded, cliff-forming, crinoidal limestone member (L angenheim, 
P.78). The basal member commonly contains nodular chert. The 
Joana's coarse, vuggy, permeable nature, and its isolation between 
i~p8r.sable shale formations, makes it susceptable to introduction 
or hydrothermal solutions. The Joana has been jasperized over 
wide areas, notably in the Hamilton Mining District, and hRs been 
extensively replaced by pyrite and the base-metal sulfides in the 
Robinson Mining District ( J.S.Vanderpool, personal communic a tion), 
and in the Ward district. 

In the Egan Range exposures (Fig. 2 and j), the JO "l nl! is 
380 feet thick. The bas~l massive member is 125 feet thick, the 
middle member, shaly, is 140 feet thick, and the upper massive 
member is 65 feet thick (langenheim, ~.l5l). 

In the Connors Pass exposures (Drews, P.35-3 r ), five 
units were recognized within the Joans. The lowermost unit (~ O 
feet thick), and the uppermost unit (60 feet thick) consist of 
platy, silty, in part crinoidal limestone. Drews middle three 
units correspond with L~ngenheim's three units, and in a typic a l 
exposure are, from basal to upper, 200, 30-50, and 150 feet thick. 
The Joana in the Connors Pass Quadrangle totals 300 to 400 feet 
thick. 

The Joana Limestone has been penetrated by 60 d1 nmond 
drill holes in the Ward district, and is exposed in the rec~ntlv 
driven workings of the Ward Mountain Mine (rig. 7). The Jo ~ nn hns 
a maximum thickness in the district of about 200 feet, but thins 
locally to 20 feet or less. The sequence found on out crop, of 
coarse-grained, thick-bedded limestone at top and base sep ar ated 
by thin-bedded limestone in the middle, is not recognized. The 
Joana is everywhere altered by metamorphism and me atsoma tism, whl ch 
has formed four distinct mineral assemblages; 1. co arse-grained 
in part, banded marble; 2. green garnet-diopside sk arn; ). whit e 
wollastonite skarn with minor green and brown garnet; 4. j 8sper oi d 
a rock composed entirely of quartz, in most pl aces cont di ning 
high percentage of open spaces, but locally dense and massive. Th e 
distribution of these rock types varies within the form a tion, OIJt 

normally the marble occurs in the middle, a nd j a sperold zones occur 
at the upper and lower contacts of Joana and ~hainma n, a nd ~ilot 

Shale. The g8rnet-diopBlde skarn occurs most commonly ne a r the 
base, and is the most favorable host rock for ore deposit s in thE 
Joana. The skarn, in places, has been altered to j a sp8rotd whic h 
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retains "ghost" garnet outlines. The wollastoni te s ka rn is erratic 
in distribution; most commonly it occurs in the middle of the Joan a . 

The thinning of the Joana occurs at the tap of the form 2. ­
tion, and may be in part the result of a "scouring " effect of the 
Joana-Chainman bedding-plane fault, or thrust-fault cont ~ ct. ( See 
Structures Section). This thinning, however, is not a common fe n­
ture of the Joana where the formation crops out .. Most of the thin­
ning probably is caused by solution and removal of cBlcium carbon­
ate and partial replacement by jasperoid at the top of the Jo anq . 
The upper few tens of feet of Joana, in most pl ~ ces in the distric t 
contain solution breccia and slump blocks of Chainma n Sh a le. As 
a result of the partial thinning, the Joana has a flat base and n 
highly irregular, undulatory tap. 

5) Mississippian Chainman Shale 

The ~hainman Shale, of Mississippian age, is found in 
B broad belt covering the eastern half of Nevada and the western on e 
fifth of Utah (Sadlick, ~.86). It ranges in thickness from l BOU 
feet on the east to 7600 feet on the west, and in White ~ine Lounty, 
probably averages 2000 to 2500 feet. It disconformably overl ies t he 
Joana Limestone.. The Chainman is a garb age-pile of predomin utel y 
clastic sediments derived from erosion of rocks uplifted during t he 
HWendover Phase" of the Antlre Urogeny lS adlick, ~.81) and cont rl in s 
conglomerates, sandstones, shales, and s ome limestone beds. In 
White Pine County, the Chainman consists principally of eixinic 
black fissile shale with subordinate thin quartzite beds throu gh­
out, and commonly a 100 to 500 foot sandstone or qu artzite me mbe r 
at the top. The Chainman is by far the le ast competent unit in 
the Paleozoic section, and during periods of di as trophism s erved 
as a lubricant between the thick ~aleozoic carbon dte sequence s a­
bove and below. The Chainman is in ma ny places greatly thinned by 
plastic 6eformation, and bedding is usually contorted and deformed. 

Where the Chainman Shale crops out in the 19 an Hange ex­
posures (fig. 2 and 3), it is about 1000 feet thick, and consi s ts 
of black, fissile shale, except for a 50 foot basal member of ca l­
careous siltstone and an upper 100 to 500 foot quartzite memb er 
(Scotty Wash Quartzite). Only the upper part of the formatio n , 
which 1s protected beneath the cliff-forming l1y Limestone, is well 
enough exposed to permit accurate description. According to Heid­
rick (P. 10 and 11), this partial section represents a grdda tion al 
transition from typical dark brown we athering s andy sh nle a t the 
base to a sequence 140 feet thivk of dark brown to rust y brown 
weathering quartzites that are intercalated with bl ack to brown 
weathering sandy shale beds. Immediately a bove the qua r t zite le d­
ges, brown to black weathering fissile sh a les become i nte r bedd ed 
with dark to yellowish-brown weathering silty biocl asti c lime stnns . 
The Chainman-Ely contact is placed a bove the upper most per si s t lnt 

bed or the transition zone. 

In the Connors .... ass exposure (Fig. 2 and 3), the Lh CJi n ~Il , ~n 
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is about 1100 feet thick, and is subd i vided by Dre~A as ca re f ul l y 
as exposures permit, into three units : a l ower s h~ l e and silts t one 
unit 200 to ~OO feet thick; a middle sh ale unit 500 fee t thick , 
which contains a few sandstone beds; and a n upper s ha le uni t JOn 
feet thick, which contains many sandstone and qu a r t zit e l ens es . The 
upper 40 to 60 feet of the Chainman is gradationa l i nt o l lV Li me ­
stone, being composed of interbedded bl ack sh a le a nd SAnd y bi ocl ~ s­

tic limestone (Drews, P.29). No distinct quartzite unit , corr e l ­
ative with the Scotty Wash Quartzite is present in the a r en . 

The Chainman Shale ha s been penetra ted in ab out 50 di amond 
cor e holes in the Ward District. It is exposed i n t he bott om of 
a n open pit in the Caroline area ( Fig. 6), and is ex pos ed in work ­
ings of the Ward Mountain Mine (Fig. 7). It average s about 700 
feet in thickness, and consists of black fissile sh a le, with we l l 
defined bedding laminations which are typically contorted. The 
formation contains many thin, discontinuous qu artzite lenses, e sp ec­
ially in the upper part, but the thick Scotty Wash Quart z it e memb 8r 
is not present. The upper and lower contacts of t he ~ h a inmn n ar e 
bedding-plane fault of possible large displ ac ement, and the l owe r 
fault contact, at least, might be class i fied a s a thrus t f ault be ­
cause of it scouring effect on the Joana . Mapping of th ~ IJnd ergr o­
und exposures or the Chainman le a d to the i mpres s ion that th e for ­
mation as a whole was involved in thrus t f aulting; str ik es 2nd jjps 

are rarely consistant over dist a nces exceeding a f ew f eet , 3nd the 
bedding is commonly contorted, and in many pl aces over turne d . Th~ 
Chainman near the Welcome Stra nge r Dike lFjg. 6) is i nt en se ly s il­
icified, though here the earlier incompetent n ~ tu r e of th R r or m~ ~ jon 

is revealed by relict contorted bedding. The ~h n inma n was an un­
reactive and impermeable host rock, nnd minera liz a tion i n th e Lha i n­
man is restricted to veins and fossil trash beds near i ts top a nd 
base. 

6) Pennsylvanian ~ly Limestone 

The Ely Limestone is present throughout White ~in 8 Count y , 
the eastern half of ~lko County, Necad a , and a portion of we s tern­
most Utah. It is about 2500 feet thick in White Pine Count y , 2nd 
consists of thick bedded, cliff-forming, fossili f erous to biocl a s ­
tic limestone, slabby, slop-forming, shaly limestone, and ca lcar ­
eous shale. 

The "Ely is the oldest formation na turall y exp osed in t he 
Ward district and it forms most of th e surf ace topogr Qph y. Th e El y 
has been intensively studied and carefully de s cr ibed hy Heid r ick . 
The formation consists of 2400 feet of gr a y, medium bedded, lpd ~ ~ 
forming limestone, that cyclica lly a lterna tes wi t h t hi n b8 dde d, 
slope forming lilty t end argillaceous limestone. The mo s t d ~a gno~ ­
tic feature of the formation is th e wi de var i ety of nodul a r , ~~IT , j­

bedded, and bedded multicolored cherts tha t are of t en s i l ty , ,lr Bn ­
aceOU5 or calcareous. The bulk of the limes t one s a nd chert a a r e 
composed largely or brachiopod, bryozoa n, a nd crino i d det ri t us . 
Limy shale beds occur throughout the forma tion, an d ar e mos t dblJn­
dant in the basal 600 feet and in the upper 400 f ee t . 
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The Ely rests conforably on the Chainman Shale, and is 
transitional with the Chainman over u 50 foot t hickn9s s. Th e 
transition zone oonsists of several four-to-five foot thick bed s 
of bioclastic limestone separaied by two-to-five foot thick beds 
of black r1sa11e shale. This transition zone is placed within the 
Ely and the contact is ~alced below the lower bioclastic limestone 
bed. The limestone beds within this transition zone wer e loca lly 
metamorphosed to garnet-diopside skarn, a nd then were selecti vel y 
replaced by base metal sulfide minerals. The earliest known ore 
deposits in the district were found in these beds. 

The upper contact of the Ely is a regional discon f ormi ty 
at the Pennsylvanian-Permian systemic boundary, a nd is mark Ad hV -
thin bed of dolomitic limestone-conglomerats-breccia, which is 
overl~in by a 20 foot thick bed of Permian fusilinid coquina lH eidric k ) . 

7) Permian Sedimentary Rocks 

Post-Pennsylvanian sedimentary rocks in White ~ine COIJn t y 
have been carefully described by Heidrick, Drews, Steele, · ~ nd o t her 
writers. No ore deposits have been found in these rocks in the 
vivinity of the Ward district. These younger racks ~ill herein be 
described only briefly. 

Tee Permian racks in the Ward district include the Ri epe 
Springs Limestone, a 230 foot thick, chert free, thick bedded co r ­
alline limestone; the Rib Hill Sandstone, about 1200 feet th i ck , 
consisting of poorly consolidated slope-forming s andstone a nd si l t­
stone, with a bioclastic limestone marker bed ne ar its cente r; the 
)000 foot thick Arctures formation, consisting of d lower unit of 
cliff-forming, medium bedded limestone which alternates with t hin 
beds of silty sandstone, and an upper unit of thin bedded, plat y , 
silty limestone, and siltstone that is nonresist ant, ,and farm low­
lands and rolling slopes. A few thin mineralized veins in Perm i a n 
rocks have been explored by shallow prospect pits in the past , 3nd 
one dia~ond drill hole collared south of the Ward Gulch rault \~ ig. 6) 
penetrated a narrow vein of argentiferous galena in the Reip e Srrin§s 
L1mestone. 

8) Tertiary Sedimentary and Volcanic Hocks 

All Tertiary sedimentary and volcanic rocks, so fa r a s 
is known, are younger than the Ward intrusion, associated dikes and 
sills, and hydrothermal solutions. No bas8 mineral prospects are 
prospects are known in these Tertiary racks. 

The Sheep Pass formation, of Eocene age, consists of 358 
feet of non-marine, molluscan-bearing limestone and congl ome r a t ~ 

breccia (Heidrick). The Sheep Pass unconformably overlies the 
Permian Arctures formation and is present only in the lowl ~ n ds in 
the eastern part of the Wa~d district. 

Extrusive igneous rocks of Oligocene age overlir wi th slight 
unconfority the Sheep Pass formation. The extrusives consi st of 
crystal and lithic tuff, slightly welded and commonly showing di s ­
tinct banding. The extrusive racks are cl assified by Heidrick a s 
quartz latite 1n composition, and are very similar chemical l y a nd 
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petrographically to most of the intrusive rocks in the distr i ct. 
No genetic relationship has been established between the intrusive 
and extrusive rocks. 

9) Leta Tertiary and Quaternary Alluvium 

Pediment gravels of Late Tertiary age overl a p the E~ rl V 
Tertiary rocks on the east side of the district, and are i n turn 
dissected by Quaternary washes which are filled with younger al­
luyiu~. The total thickness of Tertiary and Wuaternary rocks m ~y 
exceed 7000 feet in the center of Steptoe Valley, two miles to the 
aast of the Ward district. 

C. Intrusive Rocks 

1) Ward Intrusion 

a) Distribution 

A U.S.G.S. high-level areomatic survey run in 1965 
(Carlson and Maybe) outlined a magnetic high beneath the Egan Ha nge, 
in and west of the ~ard district. The anomaly is connected by ~ 
shoulder with the Ruth porphyry, the host rock for the copper de ­
posits being ~ined by Kennecott Copper Company, in the Robin so n 
Mining District (Fig. 2a). The anomaly is strongest in the l ow 
foothills on the west side of the range, weakens progressivel y 
eastward, and terminates in the Wa rd district. Carlson and M8ybe 
estimated that the top of the intrusion was at elevation JOnO feRt 
at its highest point. A core hole drilled by another comp ~ nv ne~r 
the center of the anomaly was collared at 8500 feet and drilled to 
3500 foot depth, without penetrating igneous rock or hydrother mlJ l 
alteration. 

In the ~ard district, where the anomaly is weaker, a body 
of quartz monzonite porphyry, herein called the Ward intrusion, h ~s 

been penetrated by about 40 diamond core holes. The top of t he 
porphyry is found at an average depth of 1800 feet below the sur­
face, at elevations ranging from 7500 feet on the west side of the 
district to 6000 fast on the east side. The porphyry is a t le ast 
1100 feet thick, and it becomes coarser grained and less altered 
with depth of penetration. This body was inferred to be the intru­
sion indicated by the magnetic data; however, potassium-a rgon ag e 
dating of the rock indicates an age of 35 plus or minus 1.3 my, 
much younger than the 110 my age of the Huth intrusion. This ag e 
discrepency, coupled with the anomalously shallow depth of occur­
ance, suggests that the Ward intrusion is not the one causing the 
anomaly, although it may be a later pulse from the same ch a mb er, 
and likely ~as intruded into the same zone of weak ness which con­
trolled the emplacement of the older intrusion. 

bJ Composition 

The ~ard porphyry intrusion is cl a ssed us quartz mon­
zonite in composition, consisting of 20 to L5 ~ quartz, 3C to 55 ~ 
orthoclase, 20 to 25~ plagioclase, 2% biotite, 1% amphibole ond 1 to 
3% pyrite. The quartz most commonly occurs as rounded eyes, tw o 
to fivemm 1n diameter, which are commonly emba yed, Zoning cuused 
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by overgrowth is normal. Orthoclase ~n d pl agi oc1 1se occur ~ s s ub­
hedral to euhedral crystals which normally r ange in length from ~ 

to 5 mmj crystals up to 20 mm are common, and up to 50 mm have been 
observed. Phenocrysts of ferromagnesium miner nls are small, seldom 
exceeding 1 mm. The fine-grained ground mass consists of qu artz 
and orthoclase with subordinate plagioclase. 

c) Alteration 

Alteration of the igneous rock is most intense nLar its 
contact with the Guilmette Limestone, a nd decre ases with dist ~ nc8 
from the contact. Alteration is most intense in and ne ar f r ac ture 
zones, decreaSing with distance from the fractures. The 3 lter ~ tt on 
consists of quartz-flooding-, calcitization, ka oliniz ati on, sericit-. ______ 
ization, and chloritization, and in degree probably belongs in the 
argillic zone. Quartz yeims and stockworks are ubiqitous in the 
rock, and in places appear to represent 50% of it. Much of the 
plagioclase is altered to fine-grained calCite, clay miner3ls 'j nd 
sericite. Most, but not alIi of the biotite has been alt ered to 
chlorite minerals. Pyrite is everywhere present a s dissemin a ted 
crystals, but nowhere constitutes a major portion of the rock. 
Molybdenite and chalcopyrite occur as very fine-grained mMss es i n 
association with the quartz veins, but rarely constitute more th ~ n 

a few tenths of one percent of the rock as a whole. 

2) Dikes and Sills of Intermediate Composition 

Dikes and sills of qy artz-monzonite porphyry ~ nd q u ~ rtl 

latite porphyry occupy a broad northwesterly-trending f ault ? nd 
fracture system in the district, and crop out over a n area three 
mites long and up to one mile wide (fig. 4). Evidence to d ~ te i n­
dicates that these dikes and sills are closely related genetica lly 
to the Ward intrusion, and some at le ast can be traced, hy dril l 
holes, into the intrusion. The width of the individu a l dikes a nd 
the number of dikes, decrease with distance from the intrusion. 
Sills are very abundant, particularily in the Chainma n Sh dle. The 
apparent bukge in the outcrop of the Townsite dike is ac tu all y a 
sill, and the porphyry body which extends transversly from the 
Mammoth dike in the Defiance area is a sill (Fig. 6). 

The dike system oonsists of three principal di ke sets: 
the Mammoth-Welcome Stranger; Goodluck; andlownsite. The fown­
site dike ceases to crop out about 3000 feet northwest of the W ~ rd 

Gulch fault; the other two extend an additional ~ milp.s northwest­
erly, gradually narrowing and converging as progressively youngp.r 
rock is exposed. 

The Welcome Stranger dike (Fig. 6 ~ nd 8 ) , while n:' rrow 
at the surface, broadens rapidly with depth ~ nd be comes an upw ~ rrl 
bulge of the Ward intrusion. This dike has met a morph o sp.d l d ~ cent 
sediments more intensely th an have the other dikes lsee ~~ t ; m i J r­

phism and Metasomatism), and greatly effects are dis t ributi on ~s ee 

Ore Deposits). 

Alteration, classed as argillic, is somewh ~ t more inte n­
se in the dikes and sills than l in the Ward intru si ve, common l v 
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affecting the full thickness of the body r a ther th a n be i ng re s lr i c­
ted to the edge, and to the fractur e zones. Pyrite i s d is 5 emi n ~ t e d 
throughout the rock, but chal~opyrite nnd mol ybdenite a re r nre. 

3) Rhyolite Dikes and Sills 

A rhyolite porphyry dike and associ a ted sille occu r i n th e 
western part of the Mammoth dike set t r ig. 6 ) . The rack co ~s i sts of 
phenocrysts of quartz and sanidine, 2 to 5 mm in d iF3me t e r, in :! fjne 
grained groundmass of orthocl ase with subordina te pl a gio c1 3 s~ ~ nd 

quartz (Heidrick, p. 51-52). Pyri te is sp arsely di s semi n ~ ted t hr olJ gh ­
out the rock, and cha lcopyrite and moly bdenite l re r are. The rh y­
olite dike is intensely silicified, 2nd is sli gh tl y ~ rg jl l i c ~ lly ~ l ­

teredo Joana Limestone adjacent to this dike is mor e co~pletel v 
silicified than elsewhere in the distric t . Thi s j a speriz i3 ti on is 
clearly later than the met amorphism which a ltered the li mest o n~ to 
garnet skarn. Euhedra l garnet "ghost" outlines a re camm on in l he 
jasperoid. The rhyolite seems to represent the l a test st J ge OF in­
trusion in the district, and wa s proba bly nea rly conte mpor a n2Du 5 
with the hydrothermal-mineralizing s ta ge . The rh yolite dikes ~ 2 V 2 
nat been observed crass-cutting other intru s iv e r ock ; Ih i s r el n­
tionship, if it can be found, will subst anti nt8 the theori zed l " t e 
time of rhyolite empl acement. 

D. Geologic History 

The Egan Range is a typic f3 1 mount a in m'3SS in th e £3: 1sifl lnci 
Range Geomorphic Province: 3 north-trending, eRsterl y d i ppin~ ~D r ~t 
bounded BBst and west by gra ben vall ey s. Thr ee princ i p" l rl!?!,~ nds 
of tectonic activity ha ve a ffected the rocks of t he r ~ nge ~ n j ~~ v ~ 

been responsible for its present geo mo r phi c ~ or m . A r2vi~~ o~ ~nR 

geologic history of the a re a is nece s s a ry fo r bet tr un de r stonding 
of the structurf31 environment. 

Deposition in the Eastern Gre a t Ga sin w~ s nea r lj con tinu ­
ous throughout Paleozoic time. I nterru pt ions of depo si t i on werp 
caused by regional uplift, resulting in periods of non-de pnsition 
and minor erosion, but little tilting or other orogen i c mov em~nt5 . 

During a part of Mississippian time the Ch a inman "g a r ba ge ;J~ 1 f3 " L. " C' 

deposited a s debris from the uplift to t he west known ~ s t hR ~end­
over Phase of the Antler orogeny. fhis orogen y did no t extend in t o 
the Eastern Gre a t 8f3 sin (Misch. P.33). Deposition of m~ r ine sed­
iments continued into the Mesozoic Era and pro brl bly inJ_o t he .Jur;-'!s­
sic, although the record is a lmost completely miss i ng in Wh i te ~' in ~ 

County (Wheeler et a I, Nelson, ref. fro m Mi sch, P. 33J . 

In Mid-Mesozoic time , n profound orogen y b~g ' n , h'l ving 
strong east-to-west compressive farc es whic h defo r med t he ~~ lp ~ ­

zoic sedimenta ry sequence into bro il d , no rth - trendi ng , ' S~ .' '' I:n 8 t, I' i c ~l l 

folds, commonly overturned, C'l nd forced deve l opm p. nt o ~ de c l l ell'{?r"' ~ 
type thrust f aul ts, which stri ke nor the rly "3 nd have th r o'JJs m f~ 'su" r~ d 

in tens of miles. ' : 

In late Jurassic time, probab ly followin g clo sel y t i lf'? 

compressive orogeny, a period of tens i on a ccomp ani ed by w i d espr 2 ~ J 
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igneous intrusion began. rhis . period has been looaely deAi gn ~ ted 
as the Laramide orogeny. Two prominent sets of norma l faults de­
veloped during this period, a north to north-northwest set ~ nd ~ n 
east to northeast set. The intrusions in the E~stern ure ~ t 845in 
were predominately intermediate in composition, and were ~ CCQmn~ n­

ied by or rapidly followed by hydrotherma l a lter~tio n ~ nd met ~ l­

l1zatlon. 

Following the Laramide orogeny , cont inent~ l-type sed im8 n­
tary rocks, and extrusive volc ~ nic rocks, were desposited in ~ ~ rts 

of the Great 8asin. The source of t he sediments wa s thp. h ighl -~ nj s 

produced by the orogeny. The volcanic rocks are simil ~ r in chem­
ical composition to the earlier intrusive rocks, and m~y h~ve orig­
inated from the same source. In late Tertiary time, a second period 
of tension began, which produced high-angle, north-trending f~ults 
of large displacement. These Faults defined the presen!; Il r]s in ·' ntJ 
Range geomorphology of the area. 

E. Structure 

The structure of the Wa rd area has been mapped ~nd descri ­
bed by Brokaw, et aI, 1963, and Heidrick, lY6 5; ~ brief reviRw o r 
their work will be presented, with modificati ons and additi on s 
developed during the current mapping, drilling, ~ nd undergro und 
development program at Ward. 

1) Mid-Mesozoic Compressiona l Structures 

The mid-Mesozoic orogeny compressed the rock s of Lh e 
Egan Range into a series of tight overturned f old s which r upturRd 
to form at least two imbricate thrust faults trig. 5). The F2ults 
strike northerly and dip moderately to the west. The oldest for ­
mation exposed in the lowest thrust pl a te in the Devoni a n Guil­
mette Limestone. Rocks exposed in the upper thrust pl a tes r a nge 
in age from Silurian to Pennsylvani~n. The thrust faults crop out 
on the west side of the range, thus only lower plate rocks are pre­
sent on the east side of the range, in the Ward district. 

In the Ward district, major effects of the mid-Mesozoic 
orogeny ~re limited to Chainman and younger rocks; pre-Ch a inrn ~ n 

rocks were perhaps buffered by the plastiC Chainman, a nd acted ?s 
a single competent structural unit. At least two ~nd proba bly 
several bedding plane faults of large throw occur in the Ch ~ inm ' n 
Shale. The bedding plane faults at the contacts of the Ch a inm ;:j n 
with Ely and Joana form 50 to 100 feet of chaotic s tructure; sl i ­
vers and boulders of limestone in a groundmass of sha le and brecci -' 
gouge, all cut by later calcite veins. The bedding pl ~ ne f ~ ul t ~t 
the base of the Chainman may sca llop the top of the Joan a Lime~tnn~ , 

but fails, in the district, to break through a nd become d decol -­
lament thrust fault. 

Numerous north-northwest trending, tight folds, in pl ~ ce s 

Dverturned and related thrust faults are exposed in ~ennsvlv a ni a n 

and Permian rocke (Heidrick, ~.69). The folding and thrusting of 
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the upper structural unit lCh a inm~n ~ nd younger) coupled with the 
less-disturbed nature of the older rocks, must have caused consid ­
erable shortening in the upper unit rel~tive to the lower unit. 

2) "Laramide" Tensional Structures 

Two prominent sets of normal faults and joints dev el­
oped in the Ward district during the Laramide orogeny: a n e ~ st to 
northeast set, dominated by the Ward Gulch-Rowe Creek f Ault s ys tem 
and the North Ward fault zone; and ? north-northwest set, whict" is 
the shear zone into which the Mammoth-Goodluck-Townsite dike sys ­
tem was intruded (Fig. 4). These two prominent frr=!ctures sets i ~ nd 

their intersection are felt to be the ch annelway s for introductio~ 
of hydrothermal solutions into the Ward district. 

a) East to Northeast ~ractuTe Set 

The Ward ~ulch-Rowe Creek fault system is one of 
many transverse structures in Nevada which were major controls of 
igneous intrusion and hydrothermal activity. The Ward Gulch seg­
ment, which crosses the ~ard district, dips 50° to the south, Hnd 
has maximum displacement of 2000 feet, down on the south. fhe HOWR 

Creek fault segment, on the west slope of the Eg a n Hange, h ::lS thp 
opposi te dip and displacement, di pping s teepl y north, wi th th f! nor tl . 
side down 1000 to 1500 feet. The Ward Gulch-Rowe Creek f 3ul t sys ­
tem is thus B scissor, and at the hinge is impossible to tr C1 ce; ho (oI­
ever, the two fault segments distinctly cleAve the r ange, ~ nd ~ r8 

beleived to be one structure. 

The Ward Gulcg fault segment offsets the Goodluck and 
Mammoth dikes, and a branch of it may offset th e very rec ent H ·~s in 

and Range type faults on the e ast edge of the district (Heidrick ) , 
(P. 75) Fig. 6. Evidence indica tes, however, tha t the first move ­
ment on the faul t was pre-dike and pre-ore. In one core hoI e , "\ 
dike !daB found to have intruded along the f a ul t; 11mi ted d;3 t il 5 L1 lJ ­

gests the are zones thicken near the fault; and a north8 ~ st se t of 
joints beleived related to the Ward Gulch fault are clear ly ore 
controlling structures. 

Several other faults belonging to the northeasterly S8 t 
cut the rocks of the Ward district. fhe North Ward fault zon e 
strikes N 40-50 E across the northwest corner of the centr ~ l W~ rd 
district (Fig. 4 and 6). It consists of three or four norm~l 
faults within a 1000 foot wide zone, which have ~ net displ ~ cement 

of about 1500 feet, down to the northwest. Heidr i ck ,p. ~3) be ­
leives that the first movement on these faults was pre-ore, pro b­
ably contemporaneous with the first movement on the Wa rd Gulch 
fault, and that the faults were import ~ nt ore contro ls . 

b) Northw8sterly Fracture Set 

The Mammoth-Goodluc k-To wnsite she a r zone, into 
which the porphyry dike system ~ a s intruded, trends northwesterl y 
across the Ward district. It terminates against the Ward I...l ul c t, 
fault on the south, and can be traced on outcrop thre e mile s north­
westerly. The shear zone 15 one mile wide at its south end, and 
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narrows progressively northwesterl y 2S younger roc ks 2re expo serl . 
In the central Ward district, th~ she~ r zone comt ~ ins mln y j ndiv­
idual faults, most of them high- a n~l 8 with smnll displ a ce~ 2 nt, 8X­
cept for a few which were reactiv a ted during the l a te J erti ,' ry 
period of faulting. A few of· the f aults have reverse mov p~pn~s . 
Innumerable small faults and joints par a llel the major f a ult ~ ir, 
the shear zone. 

3) Late Tertiary Tensional Structures 

The final period of deform~ tion wa s the 8~s in dnd l3nge 
normal faulting period. This f d ultin ~ begeln in Late-Ter ti ;: r v '".i'llP , 
after the lertiary continental sediment s a nd volc el nic rocks we r~ 
deposited, and is active to the present time. North-tr8rdin~ h lg h­
angle, normal faults of large displ a cemen~ developed, elev ;' tiny 
ranges relative to va lleys, and esta blishing the ~ re:,ent g8LJ r~Dr­
phology of the Great Hasin. The Eg a n Hange is tilted e ~sterly 
suggesting that the faults on the west side of the r ange h ~ d ~ 

greater displacement than those on the east; however, i'l pent or ·,11 
of this tilt could have occured dur!ng the mid-Mesozoic cor ~ pressj ve 
orogeny, by the actlon,repeated thrust movements where plates rrD~ 
the wast rode against and over ea stern pl o tes. 

The 8asin and Hange stresses in sorne C"l ses re ,:l ct i 'j:~ted 
faul ts which were developed during the L~ r " mide orogen y , but. ir' 
many palc8s new breaks were ¥ormRd. The f Ault which bou~ds ~h~ 

western edge of the fownsite di"ke probably WLlS Cl ct i ve 8~Hl\l , ·'i 1J 
had major offset l a ter. A l arge 8 ~ sin ~ nd ~~nge F ~ ul t dev elnDQd 
just west of this fault (Fig. 4,5,5, ?nd 7) , which h'J s oFf se :. CJ ; I 

to 3000 feet, down on the east, il nd exerted st ron g dr --: g on :.I ,p :-' ~" _~ '-

1n the footwall, til ting them ne Cl rly vertic21 . Tile ~.Hd Ju lc r, 

fault probably was reactiv a ted during L;:: te ;e-::'~ ;1i r y time. It. ':1 ;J;Jr? lrs 
that the east end of the f ault splits into th ree strrmd s , t wo IJf 

which turn northeast out of Ward Gul ch ~ nd join ~ B~sin a nd I~ ,ngn 
fault near the sill bulge in the Townsi te dike (Fig. 6). A strilnd 
of the Ward Gulch fault may continue easterly in Ward GulC h . 

The Basin and Range faulting completed the closure of th2 
Central Ward dome. The dome is bounded on the south bV th8 ~ .~ ~8 
Gulch fault segment; where the north block is u~ rel a tive to the 
south; bounded on the northeast by the North Ward f nult syste m, 
where the southeast block is UjJ rel ative to the northLues t; :~ n;j 

bounded on the east by the 8asin and Range faults, where the we s t 
blocks arB up relative to the east. Heidrick suggests thot th~ 

hydrothermal solutions were channeled into and restrlct ~d to ~hi ~ 

dome. 

F) Metamorphism ~nd Met a som ~ tism 

I) Genera l 

The Ward intrusion caused widespre ad ~ nd int~nsp 

metamorphism of the rocks of the Ward district (Fig. 3) . ~e c·t 
from the intrusion marmorized the Joana Limestone, and inM rll l[.lf i z~ ,j 

all but the transitional upper pa rt of the Guilmette ~i me5to n e , 
and baked the shales and shaly limestone s . As th e intr usi Oi; in'j:· j-­
ed the northeast and northwest shear lon es , hot sol utions ln ril-
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tared the permeable carbonate rocks, met~somatizing them to skarn. 
The skarn consists predominately of garnet, diopside-hedenbe rg ite , 
and minor spidote-clinozoisite, thulite, penninite, and ido:r ~ 58. 
Massive wollastonite skarn with scattered met~crysts of g ~ r~~t oc­
curing locally. 

2) Ely Limestone 

The basal bioclastic limestone beds of the Ely Limest o~ e 
were metasomatized to an assemblage of calc-silica te miner ~ l s, pre­
dominately epidote-clinozoisite, gRrnet and diopside, with minor 
thulite, penninite, allanite, and shpene (Heidrick, ~. Sl-6?) . The 
interbedded shales, and the underlying Ch a inma n Sh ~ le, were ~ H ked 

and silicified, and ~ few discontinuous lenses OF fossil lr8sh in 
the upper part of the Chainman were altered to skarn. Th e mBt ~ ­

somatlsm of the Ely beds occured only in close proximity to throuJh­
going structures, especially the faults near and parallel to :he 
northwest-trending dikes. 

3) Joana Limestone 

The Joana Limestone was marmorized by heat from the p~ ­
roaching Ward intrusion before metasomatism bagan, and much marble 
remains in the Joana. Throughout the district, the Jo ana was t~ ? n 
metasomatizes near its contacts with the overlying Chainman Sh 2 1~ 

and the underlying Pilot Shale, to a calc-silicate assembl age co~­
sisting of green garnet and diopside-hedenbergite with minor fine­
grained wollastonite, epldote-clinozoisite, and thulite. The .108n3 
was originally a rather pure limestone, and the metasoma tism must 
have been accomplished by hydrothermal solutions introduc ed ~ l on; 
fissures, or fractures, and impeded by the overlying and und e rl ~ ­

Ing shales. Typically, the upper and lower 30 feet of the Joann 
was altered to skarn, while the middle 100 feet remained a s mar~)le. 

Adjacent to the upward bulge in the Ward intrusion, which narrow s 
upward and crops out as the Welcome Stranger dike, the middle, mar­
ble portion of the Joana was in part altered to woll astonite sk ar n , 
with scattered garnet metacrysts. Apparently sufficient he nt WnS 
available here to effect the metasomatism, but metasomatizin~ sol­
utions carrying elements such as aluminum, iron, and magnesl u~ WBf8 

in contact with the carbonate rocks for a shorted time, perh a ps 
betause no impervious shales were present to impede the solutions. 

The Joana was in part altered to jasperoid throughout the 
Ward district. Jasperlzation is normally restricted to the upper 
and lower few feet of the formation, but adjacent to the rhyolite 
Mammoth dike the entire Joana has been j asperized. Thesilic a re­
placed earlier skarn. "Ghost" outlines of garnet met acrysts a r ~ 
common in the jasperoid. 

4) Guilmette Limestone 

Alteration in the Guilmette Limestone was simil a r tn 
alteration in the Joana, and is pervasive throughout the district . 
The Guilmette, except for the Guilmette tr~nsition zone, was m ~ r­
morized by heat from the enroachlng Ward intrusion. The Guilmett 2 
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within two hundred feet of the intrusion wa s then met a somatized to 
an assemblage of brown and green garnet, diopside-hedenbergit e , a nd 
minor fine-grained epidote and thulite. Brown garnet predominat es 
near the porphyry contact, yielding to green garnet with dist ance 
fro. the contact. The Guilmette transition zone was metasomati zed 
to an assemblage or green garnet and diopside-hedenberg ite , wit h 
minor fin-grained epidote and thulite. The Guilmette marble aW ay 
from the porphyry contact wae not further altered, excep t in prox­
imity to the Welcome Stranger bulge in the Ward intrusion. Her e 
the marble was metasomatized to skarn, consisting of wol la stoni te , 
garnet, diopside-hedenbergite, and minor epidote (~ig. 8 ). 

III ORE DE~OSITS 

A. Mining History 

Ore was discovered in the Ward district 1n l86b . The ea r ly 
dlcoYBries were enriched argentiferous plumbojarosite in th e ba s a l 
beds Dr the Ely Limestone. Between le6b and 1885, about 50, DOn tn ns 
of ore, averaging 40 ounces of silver per ton, a nd 50,000 tons a ver ­
aging 12% lead and 12 ounces of silver per t on, were produc ed from 
the district. Production was from many sma ll mines, but t he bulk 
was from the Goodluck ares. Shallow ore wa s extr acted from shafts 
and adits in the Goodluck are ,Fig. 6); deeper ore was extra cted 
from the Mountain Pride tunnel (Fig. 6 a nd 7 ) . The Mount a in Pr i de 
tunnel treminated under the Goodluck area about 50 feet below t he 
base of the Ely Limestone in barren Chainman Shale, at elevatio n 
8200 feet. The stratigraphiC control of the ore wa s not und er stood 
at the time, and numerous workings were driven i n the C h a i ~ m ~ n in 
an attempt to locate the IIfaulted extens i on of t he Goodluck ores" . 
Subsequently, in 1879, the Paymaster tunnel was collared a t elev­
ation 7800 feet, and was driven 3200 feet northwesterly to n po int 
beneath the uoodluck ore body. The tunnel penetrated th e Ely-Ch ~ in­
man contact 1600 feet from the portal, and at its terminu s was dee p 
into the Chainman (Fig. 7). No ore was found in the ~a yma s te r, an d 
a 700 foot inclined raies was driven to the Mount ain Pride l evel . 
The remainder of the ore from the Goodluck deposit was deliv er ed 
through the Paymaster to a smelter ne ar the tunnel portal. Produ c tion 
ceased about 1885. except for a few small leasing operations. 

In 1906, the Paymaster tunnel was cleaned out an d s om e ex­
ploratory drifting work was carried out, but no are was f ound. 
Several small leassors mined and shipped small quanti t ie s of en ­
riched silver are in the 1930's, and many of the ol d du mp s we re r e -
lIIorked. . 

· ~ Uuring the 1940's, Newmont Mining Company reo pe ned the 
Mount a in Pride tunnel and did extensive driftin ~ a nd long- hal e 
drilling to explore contacts between porphyry di kes and Chai nma ~ 
Shale, without discovering are. 

From 1952 to 1955 the Walker Corporation did si mi l a r w~r~ , 
in the Chainman Shale from the Mount a in Pride l evel withou t dis ­
covering ore. ~alkBr also drilled severa l holes f rom t he Def i ance 
tunnel ~a9tward, to prospect the are bene a th t he ba sa l El y deposits 
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in the Defiance area, without success ( Fig. 6 and 7 ). 

In 1962 the Shasta Mineral and Chemical Compa~~ ~ c o ui r p.d 

control of the district, and a new company, Silver K in~ Mi ne s ln c. , 
was formed to explore the district. Extensive down- t he - hol e ~ ~ r ­
cussion drilling (hammer drilling) increased the reserves O f t h ~ 
Goodluck plumbojarosite deposit, and blocked out a sh a ll ow Ip. nO­
silver-zinc sulfide deposit at the base of t he tl y Limes t one in th e 
Caroline area (Fig. 6). Small tonn ages of hi gh-g r a de s ulfi de Wd S 

mined from workings of the Welcome Str a nger Min e , t hen fro m 19D L 
through lY66, 70,000 tons of low-gra de were mine d by open- pi t me th­
od s from the Caroline deposit, and were mil le d a t t he comp 3ny ' s 
250 ton-per-day flot a tion mill five miles north of tly. 

In 1966 Phillips Petroleum Company obta ined an optinn Lo 
acquire 51% of the Ward property and other propertie s in th e Whi t a 
Fine County area of Nevada, and Shasta County, Ca liforn i a. lhe 0 0 -
tion was excercised in 1968, and the work commitment wa s com pl et.ed 
in 1971. Phillips interest in the district wa s a r esult of t wo 
features; the pressnce of a large intrusive mas s be ne a t h th e rli s ­
trict, indicated by the U.S.G.S. aeroma tic survey publi s hed i n l Yb) 
(Carlson and Maybe), and the expected presence of f avor a ble Mis s ­
issippian and Devonian sedimentary carbonate t ormat i ons ( J o 8 n ~ 3 n ~ 
Guilmette) beneath the district. These favorable condit i ons rOT 
possible accumulation of sulfide are depsoits were f irs t r8cag ~ i zed 

by Heidrick (1965), 1n his comprehensive Master's Thesi s on t he 
geology, Ely are deposits of the district. 

2) Geophysical Surveys 

The high-level, U.S.G. S., aeromahnetic s urve y was l a c ~ i n 9 
in detail, and a lower-level survey was run (1000 foo t h p. i Qh~ , dr a ­
ped congifuratian) to better define t he anomaly ( Fig . 4b) . fhe 
surveys were run using the ground-level magnetometer t r.a ver s E' s i'l S d 

check, which ~nfirmed, but did not improve the detail of t he 101u­
level aeromagnetic survey. 

Four resistivity-I.P. traverses were run, each fro m the 
volcanic caver an the east edge of the district to the Gu ilmet t e 
outcrop west of the district (Fig. 4b ) . The surveys were run using 
the dipole-dipole method on 1000 foot centers, a nd us i ng gr eq uen­
cias of 3 and 0.05 cps. The data revealed a cle ar-cut, mo de r a tR l y 
strong anomaly beneath the western part Df the di ke s ystem (i ncl uo­
ing the Mammoth and Goodluck dike s ets ) and small er , wealer 3no m­
alies to the east in the are a of the Townsite di ke so.t . All drt l­
ling done to date has been within the mai n anoma ly, and all holP S 
penetrated altera tion and sulfide mi ner ali za t i on. Th er efor e , t~ - · 
correlation between I.P. respons e and met allizati on cannot ; e~ . , 
evaluated. Correspondence between degreo of l.P respons p ~ n d ~il­
tensity of metallization is not apparent. 

3) Geochemical Surveys 

Extensiv8 geochemical sampling was done by I .L. H8 j dr j c~ 

(P .118-141) • He collected about 200 samples of jasp ero i d, g C. '3b cH l , 

rault gouge, joint filling, and fault brecc i a ; and an 81yzed L ~p. 
samples for 51 elements. Strongly a nom~ lou s concen tr a ti Dns Df 
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tellurium, silver, lead, copper, zinc, t in, a nd mercury we r e found 
in the area of the Mammoth, Goodluck an d Townsite di ke se ts ; fnr 
the first five elements, moderately anomalous concentratio ns we re 
found throughout the intervening are as, and extend southw ar d i nt o 
Permian rocks south of the Ward Gulch fault (Fig. 4c a nd 4 d J . The 
widespread distribution or tellurium i s further discussed i n "ve r­
tical zoning". Weaker and less-dispersed anomalies f or ca dmiu"11 , 
molybdenium, and bismuth occur over th e Mammoth and uood l uc k di ke 
sets. Predictably, the strongest concentrations of all e l emp.nts 
tasted occur where the Caroline sulfi de deposi t and th e Defian ce 
and Goodluck plumbojaroslte crops out. The nex t s trong est con CRn­
trations are in areas of strong hydrotherma l a l t~ r3t ion . 

Additional geochemical sampling h8s been do ne in t he ar 22 
of the Townsite dike. Fifty soil samples were collec t ed, on 20 0 
foot grid spacing, and analyzed for copper and silver. Str ongl y 
anomalous concentrations were found to be restricted to t he are~ 
of the fault which bounds the west side of tha dike ( Fig. 4c ~ n d Gdl . 

The Ely ore deposits can themselves be cons i der ed met a l l i c 
dispersion haloes over much more extensive J oana and Guilmette or E! 
deposits. Ore was emplaced in the Ely onl y where throug h going 
faults ~ere able to penetrate the thick , i mpervious Ch a in~a n Sha l~ 
blanket, mainly near the northwest-trending dikes. 

4) Surface Drilling 

A surface drilling program wa s started in th e ~ a r d dI s ­
trict In 1966, concurrently with th e geophysical progr am. ShAllow 
down-the-hole percussion drilling (h amme r drilling) verif ie d th R 
size of the Goodluck jarosite deposit. Two deeper ha mm er dr i l l 
holes were drilled to begin evaluation of the sulfide po te nt i~l 
of the deeper formations o~ the district. Both ro ta r y holes ppn­
etrated sulfide mineralization in skarn zones, and a wireline cor ~ 
drilling program was started in late 1 ~66. To date b ~ hol es ho V2 
been completed, most of them drilled into the Ward intrusion. The 
holes are spaced over an area of nearly one square mile, on An 
average of 500 foot spacing. Improved hammer drilling des i gn, in­
cluding air compressors in series capable of delivering 700 cfm ~L 

250 psi, and improved technique, including use of detergent fo~m 

in combination with chemical mud additives, permit s pudd i ng hole s 
to the base of the Chainman Shale (or to a maximumof 10 00 feet) 
before core drilling begins. 

5) Underground Exploration 

Phillips, in 1968, hegan reopening th e ~a~ma st e r t u n n~ ! 

to its originul length of 3200 feet, where it ha d been stop r ed ;~ 
the Chainman Shale. The production r a is e connec ting th e fJ;=,,/mas t p. r 
with the Mountain Pride level was opened t o improv e venti l a t'on , 
and the tunnel was extended to its present leng t h of 4 6LJr) f c;'=.t , 
cross-cutting the full thickness of the Joana Limes ton e , And enter­
ing the Pilot Shale (Fig. 7). Long hole s were dri lled ~nd ,,8vp. f 81 
drifts and raises were driven in the J oana to prospec t mlner ~ li z 8d 
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areas, but no ore was blocked out (see Ure Controls). 

B, Ore Controls 

Deposition of are in the Ward district was contr?11ed by 
structure and by metBstratigrBphy. The Bast to northeas~ fr acture 
set provided the channelways for introduction of hydrothermal sol­
utions into chemically favorable, metasomatized carbonate bed s in 
the district. Ore was deposited where fractured, chemically tavor­
able beds were 1n contact with unfavorable rock, such as sh ale, and 
apparently marble. 

1) Structural Ore Controls 

The east to northeast fracture set includes as its ~ost 
l~portant structure the Ward-Rowe Creek fault system, beleived to 
be the surface expression of a deep rooted shear zone into which 
the ~Brd quartz monzonite porphyry was intruded. The north-north­
west to northwest fracture set is the zane of structural we akness 
into which the Mammoth-Goodluck-Townsite dike systam was intruded. 
Both of these structures, and possibly the North Ward fault (Heidr1dk ) 
(P. 73), provided the channelways by which metasomaticl and hydro­
thermal solutions were introduced into the PaleOZOic sedimentary 
rocks. The northwest set contains many more through-going struc­
tures than the northeast set, and evidence to date indicate~ that 
the northwest Bat is the prime control of individual ore dp.pusits; 
1. Drilling results in the Good1uck and Caroline areas sugges t that 
the thickest ore was deposited in fracture zones parallel to and 
within a few hundred feet of north~esterly trending dikes, in fav­
orable beds in the Ely, 00ana, and Guilmette (Fig. 6c, bd, and be ); 
2. The northwest structural control is dominate 9n deposits in the 
Ely which have been examined in surface excavations and underground 
workings; 3. The Defiance tunnel penetrated the Joana Limestone a t 
a point between the Mammoth and bood1uck dike sets. Man y northeast 
fractures, but few northwest fractures, were mapped underground. No 
ore was found in the workings, and drilling in this area p8netr~ted 
only thin zones of mineralization in the favorable Joana and buiJ-

~mette beds. This indirect evidence tends to support the domin ance 
of the northwest fracture system. 

The northeast fracture set exerts a secondary bu t important 
ore control. In the Ely deposits the best grade and thickest ore 
in the northwest trends occurs where northeast fracturing is most 
abundant. Narrow ore-grade shoots extend from th e northwest orien­
ted ore bodies along northeast faults, and in a few places a lter­
ation and mineralization has extended a short dist ance from north­
west-reiented ore bodies along close-spaced northe ast joints. Sim­
ilar structural control of the Jo a n ~ and Guilmette ore dApoRit H l ~ 

predicted. 

2) Metastratigraphlc Ore Controls 

The are deposits of the district occur in met a~orphn"el: 
limestone beds 1n the basal Ely Limestone, in the upper ond lower 
Joana Limestone, 1n the Guilmette trRnsition zone, and in thA l1.;;1 -

mette Limestone in contact with the Ward intrus i on (Fi g . 3). Th~ 
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are occurs in near contact with impermeable sh ~ le in t he Ely, J o a n ~ 

and the top of the Guilmette transition zone; and occur s in conta c t 
with marble in the base of the transition zone and in th e Guilme tt e 
porphyry contact zone. The shEles are unfavorable host rocks be ­
cause they are impermeable and are unreactive chemically, the mar­
ble is unfavorable, possible because it is relatively impermeable . 

The importance of unfavorable, non-reactive rocks to or ~ 
accumulation should not be underestimated. In the Eastern ured t 
Basin, large are deposits are found in carbonate rocks 1n th p. t Outer 
Cambrian, and in the upper Devonian-Mis s issippi a n-Lower ~e nnsy l v ~ n­
ian; Both these sections are char acterized by interbedded cl astjc 
rocks, mostly shales and carbonate rQcks. The th i ck limestone do l­
omite section from Upper Cambrian to Devonian con tai ns gen er ally 
arnall, vein type deposits, but rarely large deposits. The sh a le s 
at Ward acted as barriers to metal-rich hydrotherma l solutions, 
Impeding and "ponding" them, and, therefore, increasing their time 
of reaction with chemically favorable hos t rocks. The shales, par­
ticularly the Chainman, were probably water-satur ated, and CO tJ ld 
have acted as a source of water supply to the hydrotherma l sol­
utions. 

The shaded area of Fig. 6b shows 3 belt in which t he mB r­
ble portion of the Guilmette Limestone ha s been altere d to a t ex­
turelese garnet-diopside-wollastonite skarn. This belt par allels 
the upward bulge in the Ward intrusi on, which narrows upw ard and 
crops aut as the Welcome Stranger dike (Fig. 8). The typ i ca l Guil­
mette sequence of skarn - marble - s ka rn, from base to top, is thus 
altered, and the favorability of the Guilmette has evid ently ~88n 
destroyed. The typlaal Joana s equence of skarn - marble - ska r n 
has not been appreciably changed, but no continuous ore zone s occ ,;r 
in the Joana in this belt either. 

The Joana and Guilmetti ore deposit s in the Ward dis t r l ct 
ehibit symmetry on either side of the unfavora ble belt, with s tra t­
igraphically lower ore zones being emplacad farther from the un­
favorable center (Fig. 8). Ely deposits may also show this s ym­
~etry, though they are more restricted than are the lower de pos it s . 

0) Temterature Zoning 

The sulfide are bodies in the Ward Mining District ar e 
zoned vertically, from the lead-silver are of the Ely to the cop­
per-molybdenum ~ ores of the Guilmette near its cont act with the 
quartz monzonite porphyry intrusion. Table I summerize s t he ch cl r­
acteristics of t~is zoning. Since the deposits t hroughout thi s ' 
stratigraphic interval of nearly 2000 feet are empl ace d in ho st 
rocks quite similar in petrology, the zoning would ~p p ea r to r E­
flect differences in the composition of the are be aring solut1ons , 
or else differences in the environment of depos i t io n; t hR most 
likely difference would be temperature. Some overlapping of zones 
occured, which can be related to minera l paragenesis. For exarnp le , 
the basal Joana Limestone and Guilmette transit i on zone s con t a in 
an early stage, fine-grained Intergrowth of marmatltic sph aler i t e 
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and chalcopyrite, and a late stage, co arse-gr ai ned intergrowth of 
iron-poor sphalerite and galena . Th e late-stage, lower tempe rn tur ~ 
assemblage is similar to the full mineral assembl age in mo st o r the 
deposits in the Ely. . 

The geochemical survey by Heidrick (P. 120) det ected ? brn du 
tellurium halo in the Ward district. Concentra tion of f rom 0 . 1 to 
5.0 ppm occur sDuth of the Ward Gulch fault. Concentrat i ons of F rn~ 
5 to 50 ppm are common over the sulfide deposit in the Ca ro l in e Pi t , 
and the plumbojarosite deposit in the Goodluck area, both of whi ch 
ara in the Ely Limestone. Heidrick i dentified gold a nd s ilv er tFl ­
lurides in the are of the Caroline Pi t (Heidrick, p. 95-9 9). Tel­
lurium, generally considered to be a low temper ature minersl, h~s 
not been found by assays of the Joana and Guilme t t e or e s ; t ell ur ­
ium is apparemtly restricted to the latest (7), lowest t emper ~ ture 
stage or ore deposition. 

D) Sulfide Ore Deposits 

1) Basal Ely Limestone 

a) Ore Minerals and Paragenesis 

Sulfide are deposits in the basal Ely Limeston e h ? v e 
been carefully described by Heidrick lP. 79-117). Bioclastic bed s 
in the basal Ely were metasomatized to an assemblage consisting mnin­
ly of epidote, garnet and diopside. The skarn was replaced, r irst 
by a high-temperature assemblage of fine-grained, massive pyrrh8titp. 
and pyrite, followed by a lower temperature assemblage of sph a lerit e , 
argentiferou8 galena, and minor chalcopyrite, followed by gold a nd 
silver tellurides. The last minerals to be deposited were ca l Ci te, 
quartz and fluorite, with a second stage of coarse-grained pyr i t E. 

A small mineral deposit which was found in the Welcome Stran­
ger mine may have been deposited during the high-temperature pyr­
rhotite-pyrite stage. This deposit consists of very fine-grained, 
~assive, marmatitic sphalerite, and was emplaced in a fractur e zon e 
1n a basal Ely Limestone bed, within a few feet of the Welcome Stran­
er dike. This dike broadens rapidly with depth, merging with the 
upward bulge in the Ward intrusion. and has caused higher tem~ er­
ature metasomatic effects than have the other dikes in th e district; 
thus a higher temperature ore mineral assemblage near the Welcome 
Stranger dike is not unexpected. This deposit is simil ar to the 
high-temperature marmatltic sphalerite deposits 1n the Joana and 
Guilmette (see below). 

b) Distribution 

Ore grade sulfide deposits in the l ly are small ~ n d 

of relatively minor economic importance. Ore is restricted t o zones 
of strong "orthwBaterly shearing in the Caroline, Goodluck, and 
Defiance areae. Some high-grade are occured in veins, which l oc ~ l! y 
persisted downward a few feet into the Chainman Shale. 

c) Oxidation 

In the uoodluck area, a lead-zinc-silver sulf i de de ­
posit 1n the bass or the Ely Limestone has been oxidized to plumb-
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ojarosite. Relict pods of argentiferous galena and sphalerite are 
found locally. The deposit occupies a well-developed northwest­
trending shear zone within the ,Gbodluck dike set, and is enclosed 
by quartz monzonite porphyry sills above and below, and by dikes 
on three sides. The deposit rests on the Chainman Shale, nnd i s 
up to 200 feet thick. The ore crops out in one pl~ce in the bood­
luck area. The original mineralogy of this deposit cannot be r e ­
constructed conclusively. If it were similar to th a t of the s~l­
fide deposits in the Caroline ,Pit, the lead and silver would ha ve 
been enriched, zinc depleated, and copper remained about the s ~ me 
during oxidation. This deposit is many times larger th a n a ny s ul­
fide deposit found in the Ely Limestone of the district. 

Smaller, but similar, plumbojarosite deposits occur else­
where in the district, mainle in the Defiance area . 

According to old mining records, the earliest are mined in 
the district was ailver-rich ~pipes~ of ore within porphyr y dikes. 
The are was not assayed for other met a ls, and no ore of this k i rld 
is now available for examination. Extensive modern prospecting hQS 
failed to find ore in the dikes, although silver-enriched are as i n 
the plumbojarosite deposits of the bas a l Ely have been found. Th i s 
ore occurs in skarn which is so intensely oxidized tha t it co ul d 
be mistaken for altered porphyry, and it may be that th e high-gr ~ d E 
silver ore mined in the past was of this type. 

2) Joana Limestone 

a) Ore Mineralogy 

The Joana Limestone typically consists of sk ~ rn a nd 
jasperoid, at its top and base, with marble in the middle of the 
formation. The skarn is composed of green garnet euhedr ;1 in a 
groundmasB of diopside-hedenbergite a nd calcite, with minor epidote, 
thulite, and fluorite. Sulfide ore minerals and pyrite repl ace the 
groundmass (Fig. 9), and in areas of high-grade ore, also replac e 
the garnets. Texture of the skarn and ore minerals in places crud­
ely reflect the original bedding planes of the limestone. Met a l­
lization of the jasperoid is most commonly by open-space filling, 
though some replacement has occured. Jasperoid is more abund a nt 
at the top of the Joana than at the base. 

Ore minerals consist of marmatitic sphalerite and cha lco­
pyrite, with minor galena, covelitte, and chalcocite, Pyrite is 
locally abundant. Galena is more abund a nt in the top of the for­
mation than in the base, and is argentiferous. No silver miner a l 
has been identified, silver content in the ore varies, gener ~ ll v 
with copper content, averaging one ounce of silver per percent n~ 

contained copper. 

b) Paragenesis 

The earliest hydrotherma l solutions were h i y', l y , i } ­

icic, and converted muck of the skarn, particul aryl ne ~ r the M ~ m­

moth dike, to jasperoid. Relict outlines of replaced garn et cr ys ­
tals are in places preserved. The jasperoid is typicGll y vug gy , 
but in places is very dense, and was impervious t o later me t ~ l ­
lization. Locally, fine-grained pyritization accomp ani ed t ~ : r 

jasperizatlon. 
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Sliglltly cooler solutions t hen deposited marma titic sphal­
erite and chalcopyrite, as finely intergrow n, sommthly interlocking 
crystals tFig. 10). All spha lerite found in the distric t contai ns 
chalcopyrite as exsolution blebs along cleavage plaRes (Fi g . 10) . 
Some pyrite was deposited at ·this time, as large cubic cryst a ls. 
A second stage of metallization followed, consisting of ch ~ 1cn py­
rite smoothly intergrown with galena. Fractures in the ea r lier m~ r ­
matitic sphalerite were filled with ga lena and chalcopyrite lr j g . 
11 and 12), and open spaces in jasperoid were filled with co ~ r SH 
euhedra of chalcopyrite and galena. A second gener a tion 00 ~ p l, ._J1-
Brite, iron-poor, was deposited during this period (rig. 13 ) . This 
assemblage is similar to the main-stage miner 31iZ ntion of the Llv. 
A later st ag e of pyrite, calcite, and quartz, with minor f 1uor i~8 

followed l~ig. 10, 12 and 14). 

Massive fine-grained magnetite is loca lly found in t he up­
per Jo~na deposits. Its paragenesis has not been fully studied, 
but it appears to be later than or contemporaneous with ch ~ lcopy­

rite. Sphalerite is less abundant where magnetite occurs. 

c) Alteration and Oxidation 

In some parts of the deposit, ch al copyrite has been 81-
tered to bornite, covellite, and ch a lcocite ~~ig. 9), succ8sive 
alteration rims are locally preserv2d. The alteration cHused sig­
nificant enrichment of the are. In places, iron oxide \hemo Ltte 7; 
rims chalcopyrite, or the later enriched copper minerals. 

A distictive feature of the Jo ~ na deposits is the ~ bu nd ~ nt 

accuranC8 of red, earthy hematite in some parts of the zo nes. Th 8 
hematite typically fills all open spaces rema ining after th u met 31-
liz1ng phase was completed, and may cosi tute 20% of the rock. nl~ 
hematite may be an oxidation product of th8 m3gne tite. 

In a few places, a white oxide zinc mineral, prob C'-l bl y S'n l U, ­
Bonite, has been observed. In a bulk sample of Joana ore, on8 to 
two percent of the total copper is acid-soluble though no ma l achi t e 
or azurite has been observed in the ore. 

d) Distribution 

Ore occurs near the top and near the base of the .Jr1~: n : ' 

Limestone. Mineralization in the basal Jo~na are zone ~p p ed r5, 

from evidence to date, to be semi-continuous within the district. 
ApprOXimately 75% of the drill-hole intercepts of th.i.s zone " r c 
well mineralized. The mineralization 1s visualized as be ing a n ex­
tensive, but thin, flat-bottomed manto, resting on, or n e~ r, thp 
Pilot Shale. Mineralization improves to ore-gr ~ d~ in th8 vicin­
ity of northwesterly-striking shear lones, and incre ~ s ~ s in a v ~ r · 

age thickness to 30 feet (Fig. 6c). Loc ~ lly within thRSC s h~ ? r 
zones it exceeds 70 feet in thickne ss , proba bly wher e ShRrlr Z8 ~~ S 

are intersected by close-spaced northeast joints. 

The upper few feet of the Pilot Sha 18, bel ow Jo~n· · or~ 

bodies, is intensely fracture and silicified, ~ nd in v~ l n5 o r u~~ 

sulfides persist do~nward five to ten feet into the P ilo ~ 
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Deposits in the upper Joan~ ore zone ~re less continu ous 
and less extensive th a n are those of the ha sal zone. The upper 
Joana is chaotic, because of t~8 thrust, or bedding pl ane, f 3ult 
at the Joana-Chainman contact. the volume reduction, a nd th~ r 8 ~l J ­

cement caused by hydrothermal solutions. Slivsrs of JO H n~ ~ r8 

thrust into the Chainman Shole, slump blocks of Chainman hove urop ­
ped into the Joana, and much solution brecci a is present. Thi s 
chaotic condition apparently reduced l a teral permeAb ility For or R 
bearing solutions, and therefore, are 15 mora closel y r est ricted 
to favorable northwesterly or northeasterly structures. Ore hndj~s 
in the upper Joana are less tabular and more irregul ar th a n ore 
bodies in other zones, because of the irregularity of th e J o u n ~ 
Chainman contact. 

3) Guilmette Transition Zone 

a) Ore Mineralogy 

The ore deposits in the Guilmette transition ZQne 
are similar, mineralogically and in distribution, to the deD~5its 
in the basal Joana, except that ga lena is much less abundunt; 
sphalerite is about half as abundant, And enriched copper miner ~ 1 5 

are more abundant. 

The ore minerals repl ace sk arn, which is simil ~ r ~o ~~'r 

skarn in the Joana: green garnet euhedra in a i'groundmCl ss of di op­
side-hedenbergi te and calci te, and lesser amounts of epido te " ~': .::! 

thulite (Fig. 15). Replacement 1s usu ally of the gl'Olmdm3s ':" '!cc ': 
locally the garnet metacrysts are a l so replaced. The sk 21rn i s t.lH!rtl­
inently banded, resulting from met amorphism of an ori ginally in­
terbedded sequence of thin-bedded limestone and sh a le. Th e r;;:jn d-

1ng is in places reta ined after replacement of the s ka rn hj t~e 

are minerals, giving the ore a distinct fe~ther bedded-repl acemen: 
appearance. Metallization of the jasp8roid is prim~ri ly by r e­
placement. The jasperoid is much less abundant in the Guilme tte 
than in the Joana. 

The are minerals consist of iron-rich sphalerit e , ~ nd 
chalcopyrite, with subordinate bornite, covellitei and ch a lcocit e , 
with sparse galena. Pyrite is always present, but seldom ~Dund a nt. 
SlIver content of the ore follows variation in copper cont en+.; ~p­

prOXimately one ounce of silver per percent of copper, but no silv~ r 

mineral has been identified. 

b) Pagagenesis 

The early, silicic hydrothermal sol ut ions which con­
verted much of the Joana skarn to jasperoid were noL ~s e vid en~ i n 
the Guilmette. 

Solutions of the main hydrothermal st age dp.posi ted m,' rm ;':­
titic sphalerite and chalcopyrite as finely Intergrown (~ig . 1 ~) 

smoothly interlocking crystals. The sphalerite, as in oth er :u nc s , 
contains chalcopyrite as exsolut1on blebs a long cle a va ge pl a n ~ ~ 

(Fig. 17). Pyrite accompanied this stage, commonly intergro wn wi t ~ 

the sphalerite and chalcopyrite. 
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The later hydrothermal solutions, which depos i ted ch a lco­
pyrite and galena in the Joana, . also metallized the Guilmette 
transition zone, but relatively less galena was deposited. The 
galena and chalcopyrite occur as intergrown crystals, which fi ll 
fractures in earlier marmatltic spha18rlte. A small amount of iron 
poor sphalerite was also deposited. The mineralogy of thjs l at e 
stage is similar to the main stage in the Ely. 

The latest hydrothermal stage deposited pyrite, ca lci t e, 
and quartz, with sparse fluorite l~ig. 13 and l~). Magnetite occur ~ 
locally, but not in association with sulfide minerals, an d its 
paragenesis is not known. 

c) Alteration and Uxidation 

Chalcopyrite and pyrite were altered to bornite, covel­
lite, and chalcocite, in much of the Guilmette transition zone 
(~ig. 19 and 200. Reaction rims of these a lteration products, in 
places are commonly rimmed by hematite. In one drill hole, ne ~ r 
the Ward Gulch fault, chalcocite has been replaced by native copper 
(fig. 21). 

The red, earthy hematite, which is abundant in the Jo and , 
is sparse in the Guilmette; the only siginficant occurance found 
to date is in a belt just west of, and parallel to, the Mammoth 
dike, half way between the Caroline Pit and the Defi ance Qrea (Fi g . 
6). In this belt virtually no sulfide ore minerals occur, contrGry 
to the normal condition in the Joana, and it is possible th 3t th is 
hematitic belt represents oxidation of a pyrite or magnetit e rich 
zone. In ana drill hoel, sphalerite has been in part oxidi zed to 
smithsonite, and a few blebs of malachite ca n be seen repl acing 
chalcopyrite. 

d) Distribution 

Ore deposits occur near the top and at the base of the 
Guilmette transition zone. Mineralization in the basal zone is 
BBmi-continuous within the district; 75% of the drill holes which 
intercepted this zone are well miner alized. The are most commonl y 
rests directly on the Guilmette marble, where the marble is pr 8se n~, 
and the veins of are sulfides locally extend downward a few feet 
into the marble. The pure Guilmette marble formed either a phy­
sical or chemical barrier to replacement-type are bodies. 

The are zone at the top of the Guilmette tr ansition zone 
is less continuous than the basal zone. The ore occurs about ~O 
feet below th& top of the transition zone, whose cont act with thp. 
overlying Pilot Shale can be located only approxima tely, beC 3 U5~ 

the contact is gradational and is obscured by met amorphism. 

Both upper Guilmette zones have the shape of mantas. Mi n­
eralization improves to ore gr a de in the vicinity of northwest 
shear zones, and increases to 25-40 feet in thickness. Miner a l­
ization in places exceeds 100 feet in thickness, perha ps ind i cdting 
intersection or the northwest shear zones with close-spaced north­
east-striking joints. 
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4) Porphyry-Guilmette Lont act Lo ne 

a) Ore Mineralogy Rnd ~ar ~ ge n esis 

The ore deposits of the porp~ y r y -Guilmette cont ~ ct 
zone are distinctly different "from the deposits of the oth8r zones 
in the Ward district. The skarn is simil ar to that in th8 hi~tler 
zones: metacrysts of green and brown garnet in a groundmass 8' 

diopside, quartz, calcite, and minor epidote. The skarn rep ) ~ c p.c 

Guilmette marble, which most commonly was massive an d fe atureless 
but may have been locally banded. Met allic miner nls consist 0' 

pyrrhotite, magnetite, chalcopyrite, a nd molybdenit e , w it~ mi nor 
pyrite, bornite, covellite, and ch a lcocite. The s k~ rn ~ nd met ~ l lic 

minerals are in places distinctlybanded, possibl y indica ting tilPV 

replaced marble which was originally banded 

In one drill hole metallization i n this zone consis ts Hn­
tlrely of coarse-gra ined cubes of pyrite. 

The earliest hydrothermal stage was high tpmp8r ~ t I Jre , dR ­
positing a fine-grained assemblage of pyrrhotite, magnetit e , and 
pyrite. A second st age, nearly contempora neous with the first, 
deposited chalcopyrite and molybdenite. Alteration of ch a lsopy­
rite to bornite, covellite, and ch a lcocite, is common a s in th e 
higher zones. Study of the para genesis nnd ~ l ter ~ tion in th i~ ~ Q rID 

is still in progress. 

b) Distribution 

The porphyry-Guilmette con tact zone occupi es '"h ~ 
upper part of the garnet sk arn sh 8ll which ca ps the Ward intrI J~~ on , 

and 1s terminated at its top by the builm8tte m~r~ l e. The m~r h ~r 

apparently acted as a physical or chemi cal barrier to or e r Rp! ~ ~e­

mente The lower limit of the ore is ge nerally where s karn b8cnm~s 
8 dense, almost pure brown garnet, near the intrusion. The or~ 
locally extends downward through denSB skarn into the intrusion 
itself. The top of the intrusion is irregular, as is the skarn 
envelope, and the replacing are is cl assed as irregular rep la ce ­
ment type. 

The lateral distribution of the ore 1n this zone is po orl y 
understood. The are lies farther from the center of the distr I ct 
as defined bV the unfavorable central skarn zone, and only 0 few 
drill holes have penetrated the zone where fa vorable f or are ~c ­
cumulation. The limited data suggests that are in thi9 lone m~y 
be thicker than in the higher zones, perha ps averaging JO to 40 
feet in thickness, with miner a lized intervals exc eed ing Ino Fep " 
in thickness. 
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JOINT VENTURE OF PHILLIPS PETROLEUM AND SILVER KING MINES, INC:- A 
total of 53 holes have been completed in a drilling program commenced 
in April 1966 in the Ward Mountain Mining District, White Pine County, 
Nevada. They- are confined to an area 4000 feet long and 3600 feet 
wide with depth ranging from 900 to 3000 feet and spaced 200 to 850 
feet apart - covering approximately 25% of the presently established 
geophysical anomalous area. K. L. Stoker, president and general man­
ager of Silver King Mines said that of the 53 holes drilled, 40 en­
countered ore, 7 are mineralized and 6 are barren. It is estimated 
that 71% of the drilled area is underlain by ore. Stoker said a mini­
mum intercept of 7 feet of ore, assaying $15 or more per ton in gross 
metal values was encountered in the 40 ore holes, and that overall 
thickness of ore in the 40 holes is over 22 feet. He said also that 
calculated ore reserves within this drilled area are in excess of ll~ 
million tons with an average gross metal value of about $30 per ton. 
The calculated ore reserve does ~ot include the very large tonnage of 
mineralized material assaying between $4 and $15 per ton in copper, 

. zinc, lead and silver. 
- " -- .. -, - '- ..... ~.o.j- . - ... _ ...... --.;... -. -----...- -~ .. . .. ---............ _._--_._--_.-.... .-.-. --

Stoke~ sai~ limits of ore d~posits have not yet been established in 
any dlrectlon.a~d before a major development program can be started 
th~ e~stern llmlts of the ore bodies must be defined by additional ' 
dr71l~n? to locate the site for a large incline shaft whi h "11 b 
dr~ven ~n a westerly direction into the mountain at a min~s r~ic e 
s ope. A proposed concentrating plant will be constructed nea; the 
portal of the shaft and Sto~er said,."We believe sufficient ore re­
se:ves have now been establ~shed to Justify going ahead with these 
major development and milling -projects." 

Xerox from September 15, 1970 NEWS LEITER - NEVADA MINING ASSOC. 
Number 210 



PHILLIPS PETROLEUM COMPANY and SILVER KING MINES, INC:- have verified 
a second and larger ore zone at their jointly owned Ward Mountain 
silver-copper-zinc mine 18 miles south of Ely, White Pine County, 
Nevada. W. W. Keeler, chairman of the board and chief executive offi­
cer of Phillips, and K. L. Stoker, president and general manager of 
Silver King Mines, said core drilling during the past 15 months has 
also extended the limits of the first zone, substantially increasing 
estimated reserves of ore. Since drilling started in May 1966, com­
mercial mineralization has been encountered in 25 out of 35 holes 

drilled. Drilling shows that the two ore zones range in thickness 
from 7 to 69 feet and 9 of the holes will be deepened to penetrate the 
second ore zone. To gain access to the ore deposits, extensive under­
ground development projects, including two tunnels, are being worked 
3 shifts per day and work on an underground shaft is scheduled to com­
mence in the near future. Approximately 13,000 acres are equally held 
by Phillips and Silver King in the Ward Mountain district • 

• 

• 



~ARD DISTRICT, NEVADA 

J.M.Hill,1916,Notes on some mining districts in eastern Nevada,USGS Bull. 
648,p. 180-IRB. 

Like Cherry Creek,on E front of Egan Range but farther south. Country 
rock thin;bedded Carboniferous Is. intruded by dikes and large dike-like 
masses of quartz monzonite. ~he limestone beds dip gently east,although 
dips up to 45 are shown on the plan. ~1Iuviu~ of Steptoe Valley adjoin$ the 
district on the east. Uistrlct production about f7,OOO,OOO. 

~he ore bodies were closely associated with the lar~er masses of quartz 
monzonite,occurring along the contRcts as replacements in the limestone, 
and as veins both in the intrusive and limestone. One large ore body 
was in a limestone roof pendant in the mindle of the largest pornhyry mass . 

Rich ore mined in early days was argentiferous lead carbonate;s11ver 
in part as chloride. bulfide zone c~ me in at IBO-180 t .Sulfide ores were 
sphalerite,pyr1te & galena. 

Here also there is probably a rock pediment under the alluvium. If 
a sizable mass of quartz monzonite could be located here,depth to bedrock 
were moderate,and geopysical and/or geochemical anomolies found, this 
would be a hood bet. 



·- ----

GEOLOGY OF THE WARD MOUNTAIN AREA, ELY QUADRANGLE, WHITE PINE 

I 65 f1 8 tJ1. 1J'rr(. '. () t . J 73 ~OUNTY, NEVADA . 

I
tJ(7; R. L. Langenhelm, Jr., F. T. Barr, S. E. Shank, L. J. Stensaas, and E. C. Wilson 

I'rJ ( Univ. of California, Berkeley, Calif. 

area. Devonian 
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