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BATTLE MOUNTAIN GOLD COMPANY
FORTITUDE GOLD DEPOSIT

INTRODUCTION

Lac geologists visited Battle Mountain Gold Company's
Fortitude ore deposit on February 14, 1986. The deposit is
located in the Battle Mountain Range, in northeast Lander
County, Nevada, 32 miles southwest of the city of Battle
Mountain (Figure 1). Rob Benson, mine geologist, conducted

the tour,

GENERAL GEOLOGY

The reader is referred to U.S.G.S. Professional Paper
459-A & B for detailed discussions of the geology of the
Battle Mountain Range and its ore deposits,

Stratigraphy.

Paleozoic sedimentary rocks underlie the majority of
the range. Eugeoclinal cherts and shales of the Cambrian
Scott Canyon Formation and quartzites, shales, and calcareous
sandstone of the Cambrian HarmonvaormAtion are the oldest
rocks in the area. These rocks are part of the Roberts
Mouptain thrust plate. Autochthonous, overlap sequence
limestones and coarse clastics of the Pennsylvanian to
Permian Antler Sequence unconformably overlie the Cambrian
strata within ‘the same range. The Antler Sequence in the
Battle Mountain Range‘includes three units; middle
Pennsylvanian, interbedded conglomerate and sandstone of the
Battle Formation; Pennsylvanian-Permian Antler Peak
Limestone, and; the Permian, calcareous, conglomeratic Edna
Mountain Formation. Cherts and argillites of the
Pennslyvanian Pumpernickel Formation are thrust over the
Antler Sequence along the Golconda thrust fault. An Eocene
(38.5 m.a.), weakly altered, porphyritic granodiorite pldton

intrudes the Paleozoic sedimentary rocks.




l HumMBoOLDTY

",‘ L Winnemu LU

}PEHSHING

¢+

“Lovelock

G — ..

3

Reno CHURCHILL
~ Sro- aFallo
/:REY /
A s

Caum City
\o QUGLAS: FYON_A.

£

-
Locarion of Forvituoe

FIGuRE l:
‘ Goro Oge Oeprosit,

/f?

" LANDER .

JAustia -

'.' “. n
- \/
ANV esmeraroa

Goldfield?

PElxo

FoRriruoe -,

ORE O &Po sy T

35une‘xn)

S WHITE

PINE

n Ely

UTAH

S
A .
ARIZONA |




-V

Structure.

Structure in the mine area is complex and records
evidence of recurring orogeny that began in the Paleozoic.
Folding and large-scale, eastward-directed thrusting
accompanied the Devonian-Pennslyvania Antler orogeny and the
Permian, Sonoman orogeny. These orogenies are responsible for
the Roberts Mountains thrust & the Golconda thrust,
respectively. Minor westward-directed, thrusting and folding
accompanied Juro—Crétaceous orogeny. Finally, middle-
Tertiary extension produced high-angle, basin and range style
block faulting. Structural complexity in the region
increases‘permeability and porosity of large areas of rocks,
necessary for circulation of hydrothermal fluids, as well as
provides deep-seated conduits for mineralizing fluids. ‘

The deposit,lies aloﬁg a strong, northwest-directed
lineament, the Eureké-Battle Mountain trend. This trend is
defined a by northwestward alinement of mineral occurrences,
windows on the upﬁer plate of Roberts Mountain Thrust and

Oligocene-Eocene stocks.

MINERALIZATION

* Base and precious metals deposits in Copper Canyon are
genetically related to the 38.5 m.a. altered, porphyritic
granodiorite Copper Canyon stock (see Figure 2).
Mineralization occurs as disseminated and massive sulfide
eplacements of calc-silicated, calcerous rock units.
Mineralization also occurs as sulfide veins and fissure
fillings within and outside areas of calc-silicate
alteration.

Mining History.

Large-scale, open pit mining of copper ores from skarn

.
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adjacent to the stock was initiated by Duval Corporation in
1967. Total combined production from East and West copper
pits was 16.2 st with an average grade of .79% copper, 0.72
oz/ton silver, and 0.025 oz/ton gold.

Mid-1970's gold exploration resulted in the discovery of
the Tomboy-Minnie and Northeast Extension gold deposits at
Copper Canyon. The Tomboy-Minnie deposits contain 3.9 st of
ore grading 0.04 oz/ton gold an 0.28 oz/ton silver. These
deposits occur in lenses confined to calc-silicated,
oxidized, lower Battle Formation calcareous conglomerates.
Mineralizing fluids infiltrated along north-south trending
high angle faults and were concentrated near intersections of
northeasterly-and northwesterly-trending faults: The
deposits are very close to and parallel to the Cambrian
Harmony Formation and Battle Formation unconformable contact.
Fluid migration may be partly controlled by this structure.
A similar geologic environment is responsible for gold
mineralization at Battle Mountain Gold Company's unannounced
Surprise prospect in the Copper Basin area. Here gold
mineralization is in the Harmony Formation just below the

Battle contact. Reserves are said to be 2.1 st of 0.11
oz/ton gold.

Fortitude Geology.

The stratabound and stratiform Fortitude ore deposit
occurs as massive-sulfide replacement of Antler Peak
Limestone. The ore body is approximately 1,600' X 600' X
100' to 175' thick (N.B. - this is about the .size of a
claim.) The ore zone lies near the hanging wall of the
north-south trending, west-dipping, Virgin fault (see Figure
3). The Virgin fault is intruded by an altered porphyritic
dike, similiar to the Copper Canyon granodiorite stock. The
ore zone is bounded by nortthrending faults of minor

displacement that dip back into the Virgin Fault. These

3
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faults are believed to be antithetic faults to the major
Virgin fault. Fluids probably ascended the Virgin fault and
were trapped by these smaller faults.

The ore body lies in a distal skarn zone (Figure 4). An
early, isochemical, garnet-dominant assemblage is replaced
1océlly by actinolite-dominant hydrothermal alteration
assemblage with minor associated pyrrhotite—chalc0pyrite-
pyrite-sphalerite—galena. A pyrite-marcasite—arsenopyrite—
chlorite alteration assemblage along with the majority of
gold mineralization replaces the calc-silicate alteration.
Fluid inclusion data indicates that hydrothermal £luids
responsible for the actinolite-assemblage and chlorite-
assemblage alteration events had temperatures near 200°C.
The gold in the ore occurs as free particles at intergrain
boundaries between sulfides and free goid absorbed onto
pyrrhotite. The ore is unusual when compared to Carlin-type
deposits in its coarseness. 10%Z to 15% of the gold is
recovered by gravity concentration.

The successive alteration-mineralization assemblages
reflect the transformation from magmatic— to meteoric-derived
fluid flow as well as cooling of the fluids. Late stage
fluids responsible for chloritization, sericitization, and
gold mineralization are dominantly meteoric in origin. These
plumes are set into broad scale convective circulation by
heat from cooling stock along a pervasively fractured zone

associated with stock emplacement.

Fortitude Mining & Production - Facts & Figures

The Fortitude ore deposit contains reserves of 7 million
tons of ore grading 0.282 oz/ton gold and 0.82 to 1 oz/ton
silver. On the average, 927 of the gold and 507 of the
silver is recovered by carbon-in-pulp, cyanide-leach methods.

Thirty-two hundred to thirty-five hundred tons of ore are

4
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processed daily by the mill. Mining costs are $11 to $12 per
ton. Overall production costs are $220 per ounce. This
figure is expected to decrease to $200 per ounce with
decreased stripping ratio. Stripping ratlo will average 7:1
through mine life. The company expects to extract 26,000
ounces of gold yearly. Appendix B is a copy of a recent
article from EM & J describing mining, milling and recovery

in detail.
EXPLORATION STRATEGY
Geochenm.

A suite of 18 samples were taken from altered host
sediments, bounding fault zones, ore zones, and distal,
weakly altered sediments (see Appendix A for geochem results
and sample descriptions). The sanples were taken from the
6075'" level which is approximately 200' from the surface
(Figure 5). In general, base, precious metals, and
pathfinder elements concentrations are elevated in zones of
intense alteration, increasd sulfide content, and/or
structures. The deposit was a blind ore body covered by 300'
or .more of sediments. A deep-seated, mineralized fault with
gold mineralization cutting a favorable stratigraphic package
is the best geochemical evidence for a Fortitude-type
deposit. '

Geophysics.

Rumor has it that the ore body was discovered during a
dump condemnation drilling program. The hole was chosen to
test a magnetic anomaly. The anomaly was intense but very
small. Obviously a variety of geophysical methods pioneered

durlng copper porphyry exploration could help identify
5
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sulfide-rich replacement bodies, fault structures, alteration

zones, and stratigraphy/igneous rock types.

Geologic Model.

The following are important criteria for a Fortitude-

style, gold-rich, replacement body.

1. 37-40 m.a. porphyritic granite to. granodiorite
stocks, that have associated base-metal mineralization and
fairly strong, prophyry-style alteration. This time interval
is consistent with a strong pulse of igneous activity and
gold mineralization in Nevada. The Battle Mountain-Eureka
mineralized trend has a number of plutons of this age.

2. Evidence for a strong, widespread, 1atéfstage

epithermal alteration event. Alteration assemblages

indicative of such an event include, chlorite, sericite,

pyrite, quartz + gold.

3. High and low angle structures which provide fluid

pathways and structural traps, respectively.

4, Exploration of the concentric, gold-rich zones
peripheral to a copper and base metal-rich zone surrounding
an altered stock. This zoning has been recognized
surrounding the Copper Canyon stock and possibly the Eureka
stock in the Eureka district.

EXPLORATION TARGETS

Eureka District.

~ Ratto and Windfall occur in a peripheral zone
surrounding the Eureka stock. Further examination in the
peripheral zone south of Ratto is warranted. Ratto 1is
currently being offered for sale by Amselco. Geologic
reserves of 4 to 5 million tons of 0.08 oz/ton have been
established, although mining reservés are significantly less.

Information about the property has been requested.
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. Bly District.

An extensive, late-stage quartz- sericite-pyrite
alteration assemblage occurs in the Ely copper district.

Silver King has mineable reserves in this area.

Iron Point.

Bruce Miller says moly mineralization in a stock was
encountered in deep drill holes. The stratigraphy of the
area is such that the Antler Peak should occur at depth and
could be mineralized adjacent to buried stock. Iron-stained
and w1despread clay alteration at surface suggest a large-

scale hydrothermal system existed in the area.

Bullion District.

NICOR has 1.1 million tons of 0.1 oz/ton gold
mineralization in the crest of the Piflon anticline. The
mineralization is related to small plugs and dikes, probably

offshoots of a shallowly buried intrusive.

Districts Related to Intrusive Rocks in Eastern Assemblage

Carbonates:
Ferber Dolly Varden
Currant Cedar Mountains
Spruce Mountain Deep Creeks, Utah |
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