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ABSTRACT
This study suggests that the Northern Nevada Rift and associated mineralized
structures bisect the Rimrock prospect along the western flank of the Sheep Creek
Range, and that future exploration in this area should focus both on the deep
NNW-striking mineralization associated with the gravity high and with shallow precious and base metal mineralization hosted within the Snowstorm Thrust zone. The
continuous NW-trending zone of mineralization and coincident strong gravity anomaly is more than 17 km long and 3 km wide and includes the historic Northern Battle
Mountain Mining District and thrust-fault hosted mineralization at the Snowstorm
Mine (1200 g/tonne (35 oz/t) Ag and 1.37 g/tonne (0.04 oz/t) Au).
Exploration of the 10,000 acre Rimrock AOI includes geologic mapping, surface
magnetic and gravity studies, radiolarian biostratigraphy and over 2,000 surface rock
chip samples analyzed for gold, major, and trace elements. In early 2008, and based on
this surface exploration, a limited drilling program of 6 widely spaced core holes
(2,524 m) cut mineralized and altered Mesozoic thrusts fault zones as much as 30 meters thick within Paleozoic sedimentary rocks as well as mineralized veins and Tertiary intrusive rocks hosted in NW- and NE-striking high angle normal and oblique
faults. Grades in three of the drill holes were as much as 0.829 g/tonne (0.02 oz/t) Au,
389 g/tonne (11.35 oz/t) Ag, 1.84% Pb, and 2.27% Zn over widths of 1.5 to 3 meters.
The rocks in the Rimrock Prospect area consist of Paleozoic basinal strata of the
Robert Mountains allochthon (RMA) that are overlain by Tertiary volcanic rocks. Paleozoic rock units include the Ordovician Valmy Formation and Devonian Slaven
Chert. Radiolarian biostratigraphic data indicate a Devonian or younger age for chert
samples based on the occurrence of Trilonche sp. recovered from 4 samples.
Key Words: gold, Northern Nevada Rift, Sheep Creek Range, magnetic, gravity,
radiolarian biostratigraphy

INTRODUCTION
This paper describes the general geology, limited subsurface
geology and hydrothermal alteration, gold mineralization and
geophysical anomalies in over a 57 square kilometer area in Gold
Reef International’s Rimrock Prospect, western Sheep Creek
Range, Nevada. At Rimrock, these data were collected during exploration as part of an agreement with Newmont Mining Corp.,
along with claims staked by Gold Reef, that has blocked out a
*E-mail: crisscapps@gmail.com

contiguous area of interest (AOI) of over 10,000 acres. Hydrothermal alteration is pervasive and anomalous gold and silver values are common. Most of over 2,000 surface rock-chip geochemical samples and over one-half of the 2,524 meters (8,281¢, 6
holes) of core drill samples are anomalous in gold, silver, and/or
pathfinder elements and define broad zones of silicification and
adularia-sericite alteration.
The Rimrock prospect is situated along the Northern Nevada Rift aeromagnetic anomaly and includes the historic
Northern Battle Mountain Mining District in Lander County,
Nevada (Figure 1). This district was a silver and lead producer in
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the early 1900’s and forms a northwest-striking zone of mineralization and coeval and cogenetic alteration at least 16 kilometers long and more than 3 kilometers wide (Gott and Zablocki,
1968). This trend includes base and precious metal mineralization within low-angle thrust-fault zones, as at the historic Snowstorm silver and lead mine, as well as mineralization within
high-angle normal faults.
Regional Geology
The rocks in the Rimrock Prospect area consist of Paleozoic
basinal strata of the Robert Mountains allochthon (RMA) and
superjacent Tertiary volcanic rocks. The RMA is generally interpreted as parautochthonous, showing a strong Laurentian affinity
(Finney, 1998). Fine-grained siliciclastic rocks, chert, and minor
limestone were deposited on the trailing margin of western North
America during Cambrian through Devonian time, and subsequently transported eastward and onto the carbonate platform
during the Antler Orogeny (Nilson and Stewart, 1980).
Prominent north-northwest trending positive aeromagnetic
anomalies are one of the most obvious geophysical anomalies in
Nevada. The Northern Nevada rift (NNR) is one of these anomalies and is formed due to alignment of mid-Miocene (16.5 to 14
Ma) volcanic and hypabyssal intrusive rocks (Figure 2). The
NNR is more than 500 kilometers long, averages 6 kilometers
wide, and is host to several gold-silver and mercury deposits
(Zoback and Thompson, 1978; Ponce and Glenn, 2002; Glenn
and Ponce, 2002; John and others, 2000 and 2003).
Bimodal volcanism and generally coeval precious metals
mineralization were generated during a period of back-arc extension (John and Wallace, 2000). In general, the low−sulfidation gold
mineralization is associated with mafic dikes hosted by high-angle
structures late in the16.5 to 14 Ma period of extension (John and
others, 2003; John, 2001). The largest NNR precious metals deposits are the Midas (48 km north of Rimrock), Mule Canyon (19
km south of Rimrock), Ivanhoe, and National deposits.
Prior Mining and Prospecting Activities
For over one hundred years, many exploration/mining
companies have conducted precious and base metals exploration, prospecting, and assessment activities over relatively small
portions of the Rimrock Prospect area (Figure 3), and several
companies conducted limited shallow drilling programs. Numerous prospect pits and other workings explore precious and
base metals anomalies as well as outcrops containing turquoise
and barite. The Snowstorm Mine (Figure 4), discovered in the
early 1900s and located within the southern portion of the
Rimrock Prospect, reportedly produced a small tonnage of 1200
g/tonne (35 oz/t) silver, 1.37 g/tonne (0.04 oz/t) gold, and 12%
lead from veining within a low-angle thrust fault zone in 1910,
and 1927-1938 (Stewart and McKee, 1977).
In 1967, the USGS conducted a detailed geochemical and
geophysical reconnaissance study of the entire western Sheep

Creek Range, identifying a geochemical anomaly more than 16
kilometers long (10 miles), and USGS gravity data suggested a
likely associated intrusive mass (Gott and Zablocki, 1968). The
USGS study suggested a drilling program to identify these
anomalies. A subsequent rush of claims staking divided the district between many competing interests until most claims were
dropped during a period of low gold prices. Gold Reef then saw
an opportunity to explore the entire district and established its
current large land position.
STRATIGRAPHY
Paleozoic Rocks
Valmy Formation (Ordovician)
Quartzite, sandstone, siltstone, and shale assigned to the
Ordovician Valmy Formation are about one-fourth of the
pre-Tertiary exposures in the Rimrock area. Well-indurated
orthoquartzite is the second most abundant Paleozoic rock type
at Rimrock. The outcrops are generally resistant and weathering
is locally spheroidal. The orthoquartzite is commonly fine- to
medium-grained and locally coarse-grained sand that is generally well-rounded and well sorted. Most are quartz-cemented
sand but some porous zones contain calcite cement. In terms of
non-quartz grain components, lithic fragments are less than 1
percent and most lithic clasts are of volcanic rocks. These rocks
are typically light-to medium-gray and locally dark- gray on the
weathered surface and are light to medium reddish brown, yellow and light pink in color where hydrothermally altered.
Thin-shale intervals, 1–10 cm thick, occur locally in the map
unit and are rarely exposed. The lower contact of the Valmy Formation is most commonly in thrust contact with the Devonian
Slaven Chert and no lower depositional contact has been recognized in this area. The upper contact appears to be a depositional
contact with dark-gray siltstone and ribbon-chert sequence assigned to the Elder Sandstone and Slaven Chert. The Valmy has
a maximum thickness of about 120 meters in this area. These
rocks are mapped regionally as Valmy and Vinini Formation
rocks (Stewart and Carlson, 1976; Stewart and McKee, 1977).
No independent age control was recovered, and the Ordovician
age is based on previous work assigning orthoquartzites an
Ordovician age (Stewart and McKee, 1977).
Elder Sandstone (Early Silurian-Early Devonian)
Several small outcrops of mottled medium pinkish gray and
reddish brown micaceous siltstone to fine-grained sandstone in
the northern Rimrock area are assigned to the Elder Sandstone
on the basis of lithology. These exposures are hydrothermally
altered and poorly exposed. It is likely that significant areas of
Elder Sandstone are unexposed in this area, but the upper and
lower contacts are not exposed and the thickness is unknown.
Slaven Chert (Devonian)
Thinly-bedded medium-

to

dark-gray

siltstone,
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Figure 1. Location map of the Rimrock Prospect area, Lander County, Nevada.
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Figure 2. Rimrock AOI (not to scale) along the northern Nevada rift. Aeromagnetic profiles from the National Uranium Resource Evaluation (NURE) showing extent of rift (Illustration from Zoback and others, 1994).

mudstone, chert ,shale, barite, and thin lenses of medium- to
dark-brown and gray carbonate stratigraphically overlie and
structurally underlie Valmy Formation quartzite in the
Rimrock area. These rocks are mapped regionally as part of the
Slaven Chert (Stewart and Carlson, 1976). The lower cherts,
siliceous mudstones, and siltstones are the most abundant in
map area and are generally dark- to medium-gray when little
altered, thinly bedded, and locally strongly folded. The abun-

dant hydrothermally altered Slaven is variably mottled reddish
brown and yellow, grayish-green, and light gray on the weathered surface. In outcrop chert is generally more common on
the western side of the map area and siliceous mudstone and
siltstone is more common in the eastern map area and at the
contact with the overlying Miocene volcanic rocks. The shallowly to moderately dipping basal contact with the Valmy Formation is exposed in northern Rimrock area but true thickness
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Figure 3. Geologic map of the Rimrock prospect area, Sheep Creek Range, Lander County, Nevada.
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Figure 4. Geologic map of the Snowstorm Mine area, Sheep Creek Range, Lander County, Nevada. See Figure 3 for
legend.

of the Slaven Chert is unknown in this area due to deformation.
About 120 meters of the Slaven Chert are exposed in the northern Rimrock area and are stratigraphically above the Valmy
Formation
sandstones
and
quartzite.
Radiolarian
biostratigraphic data indicate a Devonian or younger age for
chert samples. Radiolarians of sufficient preservation to be
identified to the genus level were recovered from 4 of the 6
samples processed. All 4 samples contained Trilonche sp., an
abundant component of Devonian and lower Carboniferous
assemblages but locally ranges into the Permian.
Tertiary and Quaternary deposits
Undifferentiated volcanic rocks
Middle Miocene basalt, andesite, dacite, and rhyolite flow
rocks as well as smaller amounts of tuff, scoria, and pumiceous
rocks unconformably overlie Paleozoic sedimentary rocks in the
eastern Rimrock area where they form a portion of the Northern
Nevada rift magnetic anomaly. These rocks are more than 180
meters thick along the steep southwestern side of the Sheep Creek
Range, but are much thicker in structural grabens within the range
(John and Wrucke, 2003). Radiometric ages of these volcanic
rocks are from 15.58+0.10 to 14.7+0.2 Ma based on 40Ar/39Ar
ages determined by John and Wrucke (2002 and 2003).
Porphyritic mafic, intermediate, felsic, and lamprophyre
hypabyssal dikes of variable width were cut in all six core holes
drilled in 2008. All dikes are weakly to strongly propyllitically
altered and are locally silicified and mineralized. Colluvial and

poorly exposed outcrops of these rocks were noted throughout
the Rimrock area during geologic mapping .
Undifferentiated and surficial sedimentary deposits
These deposits include unconsolidated and calichified pediment sands and gravels, elevated terrace and lacustrine sediments and colluvium that underlies dissected terraces, older
stream sediments and flood plain deposits, and stream channel
deposits of sand and gravel. Debris flow, slumps, and slides are
common along the generally steep contact with Miocene volcanic rocks and especially where pre- or syn-volcanic high-angle
structures cross beneath these volcanic rocks.
Rocks of Uncertain Age and Affinity
Greenstone
Small outcrop areas of dark-green and reddish brown porphyritic basalt flow rocks are intercalated within undifferentiated carbonate sedimentary rocks which overlie Valmy Formation quartzite in the north central Rimrock area.
Minor poorly exposed outcrops of highly porphyritic pillow basalts are intercalated within Slaven chert throughout the
Rimrock map area. In thin-section, wheat sheave and skeletal
textured plagioclase laths are common indicating significant
undercooling during crystal growth.
Carbonate sedimentary rocks
Carbonate sedimentary rocks including limestone, calcare-
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ous sandstones, siltstones, and basal conglomerate are abundant
in the northern map area where they unconformably overlie
Valmy Formation and Slaven Chert Formation rocks. Most outcrops are between two nearly east-west striking nearly vertical
normal faults that may form northern and southern boundaries
of an east-west graben. These carbonate rocks are commonly
dark-to medium-gray but are medium-brown and reddish and
yellowish brown where altered. These rocks are locally altered
to jasperoid. Barite is common as thin lenses, spherulitic nodules, and cements and especially abundant in the fine-grained
sandstone and siltstone beds.
A carbonate-cemented conglomerate with well-rounded
clasts of Valmy Formation quartzite and subrounded clasts of
sandy limestone occurs in outcrop in the north-central Rimrock
area. The conglomerate is overlain and locally underlain by horizontally bedded medium-gray sandy limestone. Locally the
conglomerate overlies Valmy Formation quartzite.
These rocks are not differentiated on regional maps but may
be part of the Pennsylvanian-Permian Overlap Assemblage.
STRUCTURE
The Paleozoic rocks are strongly deformed by Paleozoic
and Mesozoic regional tectonism and structures include folds,
fractured and sheared bedding surfaces and joints, and low-angle thrust faults. Syn- and post-mineralization northeast-, northwest-, and north-south- and east-west-striking normal and
oblique faults and fractures cut these older structures and locally host quartz veins and Tertiary intrusive dikes.
Thrust faults and folds
Geologic mapping shows two horizontal to shallowly eastward-dipping thrust surfaces that displace Paleozoic sedimentary
rocks in the Rimrock area and were cut during exploration core
drilling. The lower thrust emplaces Slaven Chert, on Slaven Chert
as in the Snowstorm Mine area. In the far southern and northern
Rimrock areas the upper thrust surface emplaces Valmy Formation quartzites over Slaven Chert. Locally, kinematic structures
such as small boudinage and slickensides are common in these
thrust zones. The lower thrust zone in the Snowstorm Mine area is
up to 30 meters thick.
The thrust faults typically parallel bedding and both bedding and thrusts are locally folded. A shallowly northeast-plunging anticline folds both the Slaven Chert bedding and
mineralized thrust plane at the Snowstorm Mine ridge. The
same mineralized thrust plane is folded in the south-central
Rimrock area (E510500, N450800), northwest of the Snowstorm Mine, into a gently northwest-plunging fold.
High-Angle faults and fractures
High angle normal and oblique faults and related fractures
with variable northeast, northwest, and east-west fault traces cut
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the Paleozoic sedimentary rocks and low-angle thrust faults.
NW-striking faults dip to the southwest and have a
down-to-the−southwest displacement, and most NE-striking
faults dip to the southeast and generally have a
down-to-the-southeast displacement.
Locally, unmapped high-angle NW-striking fault scarps
are preserved in the poorly consolidated pediment and elevated
terrace surficial deposits in the western Rimrock area and cutting debris flow, slumps, and slides in the eastern project area.
These structures are interpreted as Tertiary and younger.
Individual displacements are difficult to assess due to poor
stratigraphic control but en echelon the NW-striking normal
faults appear to have a greater summed vertical component than
the SE-striking en echelon normal faults. For example, the uppermost thrust surface is nearly flat across most of the map area
but is only about 182 meters lower in elevation in the southeastern map area as compared to its elevation 8 kilometers to the
north in the northwestern map area. The same thrust surface is
180 meters lower in only 1 kilometer when summing displacements of NW-striking, down-the-southwest normal faults in the
northwestern map area.
ALTERATION AND MINERALIZATION
These studies show that silver, gold and base metal mineralization at the Rimrock prospect is hosted by Paleozoic
siliciclastic rocks and locally by thin Tertiary dikes. The dominant structural controls for mineralization are Mesozoic thrust
fault zones, high-angle normal faults, and bedding plane fractures. Mineralized northeast and northwest faults are the most
common but several east-west-striking, south-dipping high-angle normal faults cut the Paleozoic rocks in the northern
Rimrock area.
Surface geochemistry
Over 2000 surface rock chip outcrop and colluvial samples
were analyzed for gold (fire assay and AA finish in ppb) and
standard ICP-AES analysis by ALS-Chemex Labs, Inc. (ppm
Ag, As, Hg, Pb, Sb, Zn, Mo, Cu, B, Ba, Be, Bi, Cd, Co, Cr, Ga,
La, Mn, Ni, P, Sc, Sr, Th, Tl, U, V, and W and percent Fe, S, and
Ti). Figures 5, 6 and 7 illustrate the broad area of anomalous
gold, silver, and arsenic distribution respectively. This study
showed that the elements As, Hg, Pb, Sb, Zn, Mo, Cu, Ba, Bi,
and Cd are anomalous in the same general areas and trends as
the gold and silver anomalies.
Core drilling
In April 2008 Gold Reef completed a 2,525 meter (8,281
feet) drilling program in five angle holes and one vertical drill
hole in the initial phase of a multi-phase drilling program. All
holes were collared as HQ core and switched locally, and at
depth to NQ core as necessary to accommodate changing drill-
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Figure 5. Map of anomalous gold distribution at the Rimrock prospect, Sheep Creek Range, Lander County, Nevada.
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Figure 6. Map of anomalous silver distribution at the Rimrock prospect, Sheep Creek Range, Lander County, Nevada.
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Figure 7. Map of anomalous arsenic distribution at the Rimrock prospect, Sheep Creek Range, Lander County, Nevada.

Gold mineralization at the Rimrock Prospect

937

Table 1. RIMROCK PROJECT DRILL-HOLE LOCATIONS, DEPTHS, AND ORIENTATIONS. LOCATIONS ARE
UTM ZONE 11 NORTH, NAD1927.
Hole
R1
R3
R6
R7
R8
R9

Easting (UTM)

Northing (UTM)

Azimuth

Inclination

Elevation (meters)

TD (meters)

509608.6
511949.1
509865
510294
510823.2
511867.4

4513456
4505099
4511573
4512447
4510499
4506796

90∞
0∞
90∞
0∞
0∞
135∞

75∞
90∞
70∞
90∞
60∞
75∞

1592 (5223¢)
1461 (4795¢)
1637 (5370¢)
1669 (5475)
1734 (5690¢)
1576 (5170¢)

777 (2549¢)
248 (814¢)
611 (2006.5¢)
275 (904¢)
406 (1332.5¢)
205 (675¢)

ing conditions (Tables 1 and 2). All drill hole coordinates, angles, and azimuths were designed to better understand the overall stratigraphy and structure and to test surface geochemical
anomalies at depth.
The core was logged and photographed prior to splitting
with a diamond core saw and again after splitting to better record textures and structures. All samples were assayed on 1.5
meter intervals, and the specific gravity was determined on at
least one representative sample from each interval to better
model the Rimrock area gravity anomalies.
All core holes showed similar geochemical signatures and
anomalies as the surface rock chip sampling program.
Cross-sections of core holes (Figures 8 through 13) illustrate the
lithology and relative down-hole gold and silver values.
These core holes are too widely spaced to make
lithostratigraphic or geochemical correlations between them,
but there are some common characteristics. For example repetition of coarse- to medium-grained, well-sorted orthoquartzites
show geochemical anomalies along the contacts but generally
not within the orthoquartzite. These anomalous contacts are
likely repetitions due to folding of the thrust zones seen at the
surface which place Ordovician Valmy Formation quartzite
over Devonian Slaven Chert, but could be similar lithology or
previously unmapped thrust faults at depth. In outcrop, thrust
sheets are folded at the Snowstorm Mine area and in the
south-central area of Rimrock.
Snowstorm Mine
The Snowstorm mine produced silver, lead, and minor
amounts of gold from small-scale underground mining operations with reported grades of 1,200 g/tonne (35 oz/t) Ag and
1.37 g/tonne (0.04 oz/t) Au (Stewart and McKee, 1977). Gold
Reef rock sampling confirmed high values of precious and base
metals and pathfinder elements. Mineralization at the Snowstorm Mine is hosted in a low-angle Mesozoic thrust-fault zone

that cuts Devonian Slaven Chert Formation mudstones,
siltstones, and chert. Quartz-carbonate veining within the
Snowstorm thrust fault zone shows multiple veining events.
A large number of supergene base metal and silver-bearing
minerals are identified within the mineralized fault zone at the
Snowstorm Mine and surface and drilling samples suggest that
most of these minerals occur throughout the Rimrock area. The
following minerals have been identified at the Snowstorm
Mine: Azurite, calcite, carbonate-fluorapatite, argentiferous
cerussite, chlorargyrite, chrysocolla, galena, libethenite, limonite, litidonite, malachite, mottramite, pseudomalachite,
pyromorphite, quartz, rosasite, scholzite, and stibiconite
(Castor and Ferdock, 2003).
Discussion
Mineralization commonly associated with both thrusts and
high-angle structures occurs within stockworks of very thin
quartz-calcite veins formed by overpressure fracturing (crackle
breccia), intrusive (?) hydrothermal breccias, and within zones
of potassic alteration and pervasive silicification. In outcrop,
jasperoids are common at structural intersections but are not always associated with higher gold and silver values.
Remobilized carbon is ubiquitous and quartz bitumen veins
up to several feet wide are locally abundant. Silicified carbon-rich zones or quartz-bitumen veins are locally highly enriched in silver and cross-cutting structures suggest that they
may be early in the mineral paragenesis (R9, 187.5 m (615’) to
192 m (630’). Many siltstone and sandstone beds encountered
in drilling are calcareous and decalcification of these rocks is
common. Banded veining is rare in both the drill hole and in
surface outcrop.
Zones of brecciated sulfide and quartz veining in core holes
R3 (Figure 14, 134 m (440¢) to 143 m (470¢) and R9 (Figure 15,
175 m (572.5¢) to 176 m (578.5¢) are anomalous in gold, silver,
lead, arsenic, antimony, mercury, bismuth, and cadmium and

Table 2. RIMROCK PROJECT SIGNIFICANT MINERALIZED INTERVALS FROM PHASE 1 DRILLING.
Hole

From (m)

To (m)

Interval (m)

Au g/tonne (opt)

Ag g/tonne (opt)

Pb (%)

Zn (%)

R9
R9
R3
R8

173 (570¢)
189 (620¢)
137 (450¢)
137 (450¢)

176 (580¢)
190.5 (625¢)
138.5 (455¢)
138.5 (455¢)

3 (10¢)
1.5 (5¢)
1.5 (5¢)
4.5 (15¢)

0.36 (0.01)
–
0.14 (0.004)
–

91.9 (2.68)
389 (11.35)
47.3 (1.38)
35.6 (1.04)

1.84
–
0.92
–

2.27
–
0.78
–
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Figure 8. Graphic lithologic log of core hole R1. View to North.

Figure 9. Graphic lithologic log of core hole R3. See Figure 8 for legend.
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Figure 10. Graphic lithologic log of core hole R6 (view to North). See Figure 8 for legend.

Figure 11. Graphic lithologic log of core hole R7. See Figure 8 for legend.

939

940

Richard C. Capps, Paula J. Noble, and Clark Jorgensen

Figure 12. Graphic lithologic log of core hole R8 (view to the East). See Figure 8 for legend.

Figure 13. Graphic lithologic log of core hole R9 (view toward 045∞ azimuth). See Figure 8 for legend.

Gold mineralization at the Rimrock Prospect
are probably associated with the Snowstorm Mine thrust zone.
Field relationships suggest that the thrust fault hosting the
Snowstorm Mine mineralization is present throughout the
southwestern exploration area where it locally dips at shallow
angles modified by folding and normal faulting. NW-trending
normal faults of minor displacement progressively drop the
Snowstorm structure to the west. Mineralogy noted in drill hole
logs of the brecciated veins include, quartz, carbonates, two
generations of pyrite, black-jack sphalerite, galena, and unidentified sulfosalts and are probably the hypogene minerals modified to produce the supergene suite of minerals found at the
Snowstorm Mine.
A zone anomalous in gold and silver in R7 from 152 m
(500¢) to 164.6 m (540¢) is also weakly anomalous in cadmium,
copper, antimony, zinc, lead, and mercury and has a geochemical signature similar to that of the mineralization at the Snowstorm Mine.
The alteration assemblage associated with Rimrock mineralization is strongly potassic. X-ray diffraction analyses

941

(NBMG XRD lab) of wall rock and vein material from drill
holes R1, R6, R8, and R9 show that adularia, sericite and pyrite
dominate the alteration assemblage within siliceous mudstones
and quartzite. Anomalous arsenic values in the same intervals
suggest that arsenopyrite is probably also present. XRD analyses show that kaolinite, chlorite, and calcite are the dominant
species in probably late light colored powdery selvages that
occur along vein and fracture surfaces.
Locally high vanadium values are associated with anomalous phosphorous values and calcareous rocks. This suggests
that the elevated vanadium values may be derived from the Paleozoic sediments and not the hydrothermal systems associated
with mineralization in this area.
Stages of mineralization
These studies and cross-cutting relationships suggest that
there were at least three stages of mineralization at Rimrock.
These stages include:

Figure 14. Histograms illustrating relative correlations of precious metals, base metals, arsenic, cadmium, and bismuth in core hole R3.
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Figure 15. Histograms illustrating relative correlations of gold, silver, zinc and bismuth in core hole R9.

a. Base metal veining within white bull-quartz-like veins
containing coarse sphalerite, brassy cubic pyrite, and minor galena.
b. Brecciated base metal veining associated with low-angle
structures as at the Snowstorm Mine and at least drill
holes R3, R9, R7, and possibly R6.
c. Broad zones of hydrothermal alteration that are weakly
anomalous in gold, and silver and very weakly anomalous
in zinc, lead, copper molybdenum, and arsenic. Bismuth
and cadmium values are very low or absent in these
zones. In map view, these zones are associated with
high-angle northerly-trending normal faults of generally
small displacement which cut earlier base metal mineralization. This alteration and mineralization is common in
core holes R1, R6 and R7.
GEOPHYSICS
Detailed magnetic gradiometer and regional gravity surveys were conducted over the Rimrock prospect. The survey
area extends from the valley bottom to the rim of Sheep Creek
Range and covers the entire Rimrock AOI.
Gravity
Methods
The gravity survey was completed using two LaCoste and
Romberg G model gravimeters (S/N G-164 and G-654). Position
information was acquired during the survey using a pair of
Trimble 5700 Total Station GPS receivers. Gravity stations (484)
were collected with 4.75% being repeated to test data quality
(both gravity and GPS readings). Simple Bouguer anomalies
(SBA) were calculated relative to the gravity base. Finally terrain

corrections were applied to a distance of 166.7 km using Alan
Cogbill’s algorithm (Cogbill, 1990) and the sloping wedge algorithm (Barrows and Fett, 1991). Elevations used for the sloping
wedge algorithm were obtained from four field clinometers readings at each gravity station. Elevations for Cogbill’s algorithm
were obtained from digital terrain models (DTMs) obtained from
two USGS websites (http://seamless.usgs.gov/ and http://
edcdaac.usgs.gov/gtopo30/gtopo30.asp). The DTM data were
gridded at 1 arcsecond, 3 arcsecond, and 30 arcsecond intervals.
The two high resolution grids were derived from scanning the
1:24,000 scale topographic quadrangle maps. Cogbill’s algorithm creates a smooth surface using a multipolynomial formula
for the inner terrain correction and simple blocks for the outer terrain correction. The complete Bouguer anomaly (CBA) is calculated by adding the SBA and all terrain corrections. All processing used a density of 2.67 g/cm3 and the 1967 gravity formula.
The local gravity base was tied to an absolute USGS gravity base
located at the Battle Mountain airport.
Results
The gravity survey delineated a very strong and broad
NNW-striking gravity high along the western Sheep Creek
Range front (Figure 16). The strike of the gravity high generally
conforms to the strike of existing NNW-structures and is attenuated where it crosses known NE- and EW-striking structures.
The gravity high follows the overall strike of mineralization and
alteration within outcropping Paleozoic sedimentary rocks.
Figure 17 illustrates a subsurface gravity model from these
data (Jorgensen, 2008). The model was created using a forward
2.5 dimensional (two dimensional bodies with adjustable strike
lengths) algorithm called GM-SYS (Northwest Geophysical
Associates, Inc., 1996) based upon an older USGS program
SAKI (Webring, 1985). The user selects densities and body
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Figure 16. Complete Bouguer anomaly map of Rimrock Prospect, Lander County, Nevada. (1.0 mGal contours, 100 meter cell size).

943

944

Richard C. Capps, Paula J. Noble, and Clark Jorgensen

Figure 17. Gravity model of Rimrock Prospect along line A-A¢ shown in Figure 16.

shapes and adjusts them until he achieves an adequate approximation of the field data. The gravity high is most likely caused
by mafic rocks that intrude a portion of the Northern Nevada
Rift, which directly passes through the center of the Rimrock
Prospect AOI. The mafic intrusive rocks are not exposed in outcrop within the AOI. The average density of over 1,600 Gold

Reef core samples is 2.6 g/cm3 with progressive increase in density with depth. This suggests that the gravity high along the
western range front is caused by rocks much more dense than
the Paleozoic to Tertiary rocks that are found in outcrop. Minor
fine grained calcsilicate minerals are found in the deepest core
intercepts, and calcsilicate skarn, due to thermal metamorphism

Gold mineralization at the Rimrock Prospect
of the Paleozoic sediments, may enhance the gravity high. The
gravity high is centered on anomalous mineralization and, at
depth, these probable intrusive mafic rocks producing the positive gravity anomaly may also be associated with mineralization. After analyzing the density of the core samples, all gravity
data were reprocessed using a reduction density of 2.60 g/cm3.
Several profile lines were modeled across the gravity high. All
of the models showed a deep body dipping steeply to the east.
Figure 18 is the result of a three dimensional finite differ-

945

ence inversion of all of the gravity data. The data were inverted
using the GRAV3D smooth model algorithm developed by the
Geophysical Inversion Facility at the University of British Columbia (Li and Oldenburg, 1998). The Figure is an image of the
inversion results as viewed from the below. The red isosurface
shows all density responses greater than +0.035 g/cm3 (background density is 2.60 g/cm3). The surface topography with
contours can be seen above the red isosurface. The author (CJ)
prefers the forward modeling program over the smooth model

Figure 18. Three dimensional finite difference inversion of all the gravity data. The data were inverted using the GRAV3D smooth model algorithm developed by
the Geophysical Inversion Facility at the University of British Columbia (Li and Oldenburg, 1998). The figure is an image of the inversion results as viewed from
below and from the southwest, northwest, northeast, and southeast.
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inversion program because the modeled bodies have sharp density contrasts which more closely approximate real geology.
The 3D inversion algorithm is useful because it allows examination of all of the data simultaneously and it removes the biases of
the user. While the density contrast for the smooth model inversion is much smaller than for the forward model, the modeled
bodies are of similar shape, size, and are both dipping steeply to
the east. This gives us confidence the biases applied by the user
of the GM-SYS algorithm are reasonable.
Magnetics
Methods
Magnetic surveying was completed using a GEM GSM-19
Overhauser walking gradiometer (two sensors) and Garmin 35
GPS receiver for the rover unit and the base was a GEM
GSM-19T proton precession magnetometer. The rover units
were attached to a backpack worn by the surveyor with the two
Overhauser sensors separated 0.5 meters vertically. The GPS receiver and data logger were carefully positioned to minimize interference with the magnetometer sensor. The rover magnetometer samples every 0.5 seconds and the base samples every 4.0
seconds. The GPS receiver samples every second. At the beginning of each day the magnetometers were time synchronized to
each other and to GPS time. Diurnal variations of the earth’s
field were removed from the rover readings using the base station data, and the magnetometer and GPS readings were merged
based upon the time stamps created by each of the instruments
providing relative horizontal position accuracy of a few meters.
The magnetic data were edited to remove dropouts caused by
poor sensor orientation to the earth’s magnetic field and cultural
responses and corrected for heading errors.
The magnetic survey measured the magnetic field using a
vertical gradiometer to improve data quality. Talus and debris
flows from Tertiary volcanic rocks locally contribute boulders
to surficial deposits that are more magnetic than the underlying
Paleozoic sedimentary rocks. These strong short wavelength
gradiometer responses were filtered and removed from the survey to better show bedrock rather than talus responses.
Results
Figure 19 illustrates the corrected gradient total magnetic
survey. In general the magnetic intensity is higher in the northern Rimrock area and lower in the southern. The higher intensity in the northern area may be due to relatively magnetic volcanic rocks north of the Rimrock AOI that are in contrast to the
generally lower magnetic background in the thick alluvial deposits to the south and west.
Discrete strong magnetic highs within the southern area correlate well with gravity lows, and locally gravity lows correlate
well with crosscutting faults. The corresponding magnetic highs
may represent alteration exhibited by sulfide or magnetite-rich
zones within zones of hydrothermal alteration and potential mineralization along the faults. For example, core hole R9 cut hydro-

thermally altered and mineralized Paleozoic rocks within an area
of lower gravity and relatively high magnetic intensity. The
higher magnetic intensities are probably caused by pyrrhotite or
magnetite associated with the hydrothermal alteration.
SUMMARY AND DISCUSSION
At the current level of exposure, alteration and anomalous
base and precious metal values are associated with all Paleozoic
rock types. Alteration is associated with all structural features,
but is most common and intense at the intersections of NW- and
NE-trending high-angle structures, and within and adjacent to
the thrusts and gravity anomalies. Anomalous gold and silver
mineralization associated with the high-angle structural intersections is relatively well disseminated but the values are generally low. Higher values are associated with mineralization
hosted by thrust faults and locally coincident, as at core hole R9,
with gravity lows and magnetic highs. Several intensely altered
areas, within the broad NNW-striking gravity highs, are also coincident with relative gravity lows and magnetic highs.
Mineralization and alteration are coincident with a large
positive gravity anomaly central to the Rimrock AOI. This gravity anomaly is interpreted as due to intrusive mafic rocks and
possible skarn mineralization at depth and may be a source for
mineralizing fluids at Rimrock. These postulated mafic intrusive rocks have not been found in outcrop but in the eastern
Rimrock area Tertiary volcanic rocks are probably consanguineous with respect to the intrusive mafic melts (John and others,
2000). Geophysical modeling of the range-wide gravity anomaly suggests that the source of the geophysical anomaly can be
intersected between about 200 and 1,300 meters depth.
In the southern Rimrock area, the lower of two exposed
thrust fault zones preferentially hosts higher grade mineralization at this level of exposure. The zone is 30 meters thick in core
hole R9, averages 34 grams per tonne silver, and contains grades
of up to 389 g/tonne silver over 1.5 meter intervals. Apparently
the same thrust zone averaged 1,200 g/tonne (35 oz/t) Ag and
1.37 g/tonne (0.04 oz/t) Au from historic small-scale underground mining operations at the Snowstorm Mine.
Wallace and John (1998) present arguments for syngenetic
Tertiary volcanism and mineralization along the Northern Nevada Rift. John and others (2000) found that ore formation took
place at or slightly after the end of the early mafic phase of volcanism at the Mule Canyon Mine in the Northern Shoshone
Mountains and about 19 kilometers southeast of Rimrock. In the
gold deposits of the Northern Great Basin, studies of the lead
isotope composition of native gold indicate that precious metals
deposits, including Mule Canyon, are derived from these mafic
melts (Kamenov and others, 2007).
The location of the Northern Nevada Rift is inferred only
on the basis of regional airborne magnetic data (Figure 2), and
previous researchers have assumed it lies under the Sheep Creek
Range. There are only scattered public domain gravity stations
in this area, and these do not constrain the location of the rift.

Gold mineralization at the Rimrock Prospect

Figure 19. Gradient total magnetic intensity map of the Rimrock Prospect, Lander County, Nevada.
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Our detailed gravity survey suggests the Northern Nevada Rift
and associated mineralized structures actually lie along the
western flank of the Sheep Creek Range.
These studies show that future exploration in the AOI
should focus both on the NNW-striking mineralization associated with the gravity high and with the shallow precious and
base metal mineralization hosted within the Snowstorm Thrust
zone. Exploration drilling along the gravity high will better
identify the nature of this anomaly and associated precious
metal mineralization.
The relatively shallow mineralization within the Snowstorm
Thrust Zone and associated but unidentified or drilled feeders
should be drilled, as this zone could represent a substantial mineralized tonnage. Covering an area of more than five-million square
feet, the mineralized Snowstorm Thrust zone is associated with
magnetic highs within relative gravity lows, and these magnetic
anomalies are probably due to hydrothermal magnetite, or magnetic sulfides such as pyrrhotite, associated with the precious
metals mineralization. The more intense magnetic anomalies are
in areas of poor outcrop and no prior drilling but are likely due to
mineralized subvertical feeders for the mineralization hosted by
the relatively gently dipping Snowstorm Thrust zone. The relative gravity lows may be due to alteration at depth.
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