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ABSTRACT

The Golden Trail Project is located along the northeastern margin of the recently 

were strongly and complexly deformed by mid-Mesozoic orogeny and host major 
gold deposits. Golden Trail is a sedimentary, rock-hosted, precious metals exploration 

Gold mineralization overprints zones of early, locally variable, calcsilicate skarn and 
hydrothermally altered limestone. Late precious metal veins, replacement zones, 
and mineralized breccias host the highest gold values. Host rock lithostratigraphy 
includes near horizontal bedded shallow marine sediments of the Middle Permian Pe-

-
imentary rocks that are likely part of the Permian Meade Member of the Phosphoria 
Formation. The overthrust lithologies include fossiliferous limestone, siltstone, sand-
stone, and conglomerates. Fossil hash beds and clastic sediments are locally poorly 
sorted and suggest shallow water dynamic deposition. Underlying younger sediments 
are phosphate-rich and highly carbonaceous lithologies that include thinly-bedded 
shale, siltstone, mudstone, chert and minor limestone.

In the project area, gold is most abundant within zones of hematitic, multiphase, 
dissolution breccia controlled by northwesterly striking faults, joints, bedding planes, 

-
ization, but highest values locally occur adjacent to iron oxide-rich jasperoids which, 
themselves, typically contain lower gold values. Gold mineralization is late and gen-

and hydrothermal/metasomatic alteration. Gold and base metal mineralization occurs 
locally in northwest-striking dilational zones containing numerous, high-angle gold-
bearing veins and adjacent replacement zones, and centered within calcsilicate skarn.

-
ble, and hydrothermally altered limestone central to, and contiguous with, a strong 
northwest striking gravity high. The GTV extends over 1,200 meters in length with 
an associated alteration zone averaging 30 meters wide. Gold values above 20 ppb are 
common with several samples assaying above 9 g/t Au and one above 28 g/t Au. A con-
tinuous 1.5 meter channel sample assayed over 13 g/t Au. In weathered and oxidized 
outcrop samples, elevated Ag, As, Sb and Tl values accompany Au in iron-rich zones 

Mineralization at the Golden Trail Project is similar in geologic setting, host 
rock lithology, alteration and gangue mineralogy, and geochemistry to sedimen-
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tary rock-hosted gold deposits and especially gold mineralization typical of eastern 
-

tains.

Key Words: gold, Permian sediments, eastern Nevada, sedimentary rock-hosted gold, 
Contact and Delano mining districts, gravity and magnetics 

INTRODUCTION

This paper summarizes the geology, geophysics and sta-
tus of minerals exploration of the Golden Trail Project, a gold 
prospect located about 60 kilometers northeast of Wells, Elko 
County, Nevada (Figure 1). Montana Gold Mining Company 
currently holds 16 unpatented mining claims covering an area 
of about 320 acres (1.3 square kilometers) within the project 
area, reduced from over 100 claims held during earliest explo-
ration. The Golden Trail Project is a gold prospect in a rela-
tively early stage of exploration, it is located in a relatively 
underexplored part of the state, and it shows high potential 
for future prospects. We include data from geologic mapping, 
ground magnetic and gravity surveys, multi-element geochem-
istry, mineralogical studies (XRD and hyperspectral studies), 
and the subsurface data from 2,467 meters (8,100 feet) of drill-
ing in four reverse-circulation exploration holes.

Although the Golden Trail claim block lies on the eastern 
margin of the historically productive Contact mining district, 
there is little published regarding exploration in the project 

silver, zinc, lead, and tungsten (Lapointe, et al., 1991). There 
are numerous historic shafts, adits, and other workings on the 
Golden Trail Project but no recorded production. Mine Finders, 
Inc. drilled a single hole apparently in support of molybdenum 
exploration in 1974. Golden Hope Mines Ltd. conducted explo-
ration on a small portion of the Golden Trail Project in 2000. 
Press releases from Golden Hope indicated that IP/resistivity 
surveys were conducted along with geochemical surveys and 

2000), but no results were made public. Herein, we summarize 
-
-

physical surveys, and geochemical analyses conducted from 
2004 through 2014.

Location

The Golden Trail Project lies northeast of the Knoll Moun-
tains, east of the Granite Range, west of the Delano Mountains 
in the northeastern part of Elko County, and along the historic 
California Trail (Figures 1 and 2). The area is included within 
the eastern portion of the Contact mining district and the west-
ern portion of the Delano mining district (Lapointe, et al., 1991). 

The southwestern border of the claim block is at UTM E714778, 
N4619129, projection NAD 1927, Zone 11 (Figure 2), and is 
located on the USGS Emigrant Springs 7.5 minute Series map 
sheet about 60 linear kilometers northeast of Wells, Nevada. All 
claims are in Sections 17 and 18, Township 44 North, Range 67 
East of the Public Land Survey System (PLSS).

The project covers an area of about 10 square kilometers 
(Figures 1, 2, and 3), which is centered on an island-like mesa 
with relief of about 540 feet (165 m). Outcrop exposure is mod-
erate to poor in the most mineralized areas, and the mesa is 
mantled with colluvium and much of the slopes, with talus de-
posits. The mesa is locally forested with mature Juniper trees, 
and in other areas, alkali tolerant grasses, sage, and other plants 
are common. The project is along the northeastern margin of 

developed by Newmont Mining (Newmont, 2011) at their 
sedimentary rock-hosted, Carlin type, Long Canyon gold de-
posit located about 80 km to the south in the Pequop Mountains 
(Smith, et al., 2013).

Regional geology

Regionally, Paleozoic strata were strongly and complexly 
deformed by mid-Mesozoic orogenic events followed by deep 
crustal metamorphism and shallow intrusion of granitic plu-
tons. Tertiary extension and magmatism produced normal faults 
and detachment zones, repositories for mostly Eocene mineral-
izing solutions that formed large, locally mineralized, dissolu-
tion cavities and siliceous breccias.

Figure 1 schematically illustrates the Golden Trail Project 
area relative to major tectonic and mineral trends (Tosdal, et 
al., 2000; Smith, et al., 2013). These older structural elements 
repeatedly controlled the emplacement of younger elements, 

-
ment. Older and deeply seated faults and fault systems com-
monly controlled younger zones of strong deformation, mag-

The rocks of the nearby Knoll and Delano Mountains in-
clude thick sequences of Permian limestone, sandstone, chert, 
siltstone, shale, and phosphorite (Figure 2). The heterogeneous 
Pequop, Grandeur, and Phosphoria Formations are most abun-
dant, but numerous undifferentiated Permian and Mississippian 
units have been mapped (Coats, 1987).

During the Jurassic Period, these rocks were folded and cut 
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by numerous bedding plane thrust faults (Coats, 1987; Slack, 
1972). Locally, imbricate overthrust slices of lower Paleozoic 
western assemblage units, including Ordovician Vinini Forma-
tion and Devonian Slaven Chert, outcrop as klippe within the 
surrounding Permian rocks.

In a regional context, the rocks of the Golden Trail Proj-
ect area are mapped as undifferentiated Mississippian to Perm-
ian limestone, shale, chert, orthoquartzite, and quartz siltstone 
(map unit PMl, Coats, 1987). In the Contact mining district, 
about 30 kilometers (18 miles) to the west of Golden Trail, the 
most productive mines occur in this map unit (PMI) adjacent 
to a mineralized Jurassic granodiorite stock (Maldonado, et al., 
1988; Lapointe, et al., 1991; Smith, 1976). The granodiorite in-
trusion is about 25 km long (east-west) and 12 km wide (north-

dikes cut the granodiorite. The PMI unit forms a contact meta-
morphic zone surrounding the intrusion, which is several thou-
sand feet wide and includes skarn, hornfels, and slate. These 
metamorphic rocks are locally overprinted by late hydrother-
mal alteration and mineralized and unmineralized quartz veins. 
The quartz veins are up to 6 meters wide and 3,000 meters long 
and generally occupy faults. Quartz-vein stockworks and quartz 
replacements occur locally along the intrusive contact.

Paleozoic and Cretaceous sedimentary rocks are locally 
overlain unconformably by Tertiary (Miocene) Jarbidge Rhyo-
lite, a regionally extensive ridge former and a generally strong-

poorly indurated, Pliocene volcaniclastic rock and air-fall tuff 

Figure 1. Schematic location, tectonic, and mineral-trends map of the Golden Trail Project area (after Tosdal and others, 2000; Smith and others, 2013). The Sr 
0.706 line marks the boundary between rifted Paleozoic oceanic and continental crust.
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a portion of the California trail. Early precious metals explora-
tion at Golden Trail is likely related to prospecting by the emi-
grants while camped at Emigrant Springs, a year-round spring 
in the southern Golden Trail Project area. The project area is in 
the eastern portion of the Contact mining district, discovered in 
the Spring of 1870 (Tingley, 1998). Other names that are syn-
onyms for the Contact district are the Salmon, Salmon River, 
Kit Carson, Porter, Alabama, and Portis.

Tingley (1998) summarizes the early history of the Contact 
district (also called Salmon River district near Ellen D. Moun-
tain) as centering on the town of Contact and including all or 
portions of T43-46N, R62-66E. Several early districts where 
consolidated into the Contact district by 1910.

Production in the Contact district, occurred between1908 
and 1965 (Lapointe, et al., 1991), and included copper 
(5,751,000 pounds), lode gold (1,222 ounces), lead (360,102 
pounds), silver (126,901 ounces), zinc (18,400 pounds), and 

of the Salt Lake Formation, and possibly other Pliocene pyro-
clastic rocks, overlie the Jarbidge Rhyolite (Coats, 1987).

In the Delano Mountains, west of the Contact district and 
the Golden Trail Project, the Paleozoic sedimentary rocks are 
intruded by the zoned quartz monzonite to granodiorite Indian 
Springs stock of Cretaceous age (134 to 136 Ma, Maldonado, et 
al., 1988). Granitic dikes intrude both northeast and less abun-
dant northwest-striking faults of highly variable displacement. 
Garnet skarn and hornfels rocks are common along the contact 
of intrusive and sedimentary rocks. Mineralized and un-min-
eralized quartz veins up to 5 meters wide occupy some faults, 
and quartz-vein stockworks occur locally along the intrusive 
contacts.

Exploration History

The project area is along a major 1840’s emigrant route and 

Figure 2. Regional geologic map (after Coats, 1987; Lapointe et aI., 1991 and Hess and Johnson, 1996).
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Table 1. PHASE 1 DRILL HOLES AT THE GOLDEN TRAIL 
PROJECT, ELKO COUNTY, NEVADA. THE HOLES WERE 
DRILLED IN JULY AND AUGUST, 2007.

Hole 
Number

Easting (m) 
NAD1927

Northing (m) 
NAD1927 Angle

Length 
(ft)

Length 
(m)

GT8 715662 4619529 Vertical 1930 588
GT9 715716 4619602 Vertical 2010 612
GT12 716268 4619638 Vertical 2010 612
GT17 716186 4619530 Vertical 2150 655

Totals = 8100 2467

tungsten (117 units). Copper-gold replacement deposits and 
copper-gold-silver-lead-bearing quartz veins are the most com-
mon type of ore bodies. Most replacement deposits are strata-
bound, but replacement veining is locally common. Many of 
the replacement deposits are associated with the Jurassic intru-
sive granodiorite stock central to the district. Lead- silver re-
placement is most common in the northern parts of the district, 
whereas polymetallic veins are common in the southern parts. 

Prior to 1974, Mine Finders, Inc. of Colorado drilled a 634 
meter core-hole in support of molybdenum and tungsten explo-

Golden Trail claim block (E715534, N4619385 m). A general-
ized graphic log of lithology and pyrite content showed that the 
dominant lithologies encountered were limestones and other 
calcareous sediments but with large terrigenous clastic com-
ponents. The drill log records several granitic/monzonitic hyp-
abyssal intrusive intercepts. The consolidated core is archived 
at the Nevada Bureau of Mines and was logged and sampled 
for geochemistry and thin-section petrography by the principal 
author.

Golden Hope Mines Limited drilled up to 10 shallow holes 
on a small portion of the Project in 2000 in support of gold 
exploration. The drill targets were established on the basis of 
a gradient IP (Induced Polarization) survey completed on the 
property in 2000 (7 Sept. 2000 press release), and the prop-
erty was dropped in 2001 (Golden Hope 2001 Annual Financial 
Statement). Drill-hole collars were clearly visible in 2005, but 

Neither geologic nor geophysical logs have been published nor 
did Golden Hope issue any press releases to discuss the results 
of the drilling program.

Gold Reef of Nevada, Montana Gold’s predecessor at 
the Golden Trail Project, initiated exploration in the area in 
the spring of 2004 on the basis of a regional literature review. 
Lapointe, et al. (1991) discussed prospect workings and noted 
Ag, Pb, Cu, Zn, Mo, and W mineralization in the area, and a 
USGS regional gravity map showed a major northwest-trending 
gravity high centered on the area of mineralization. The USGS 
interpreted the gravity and a coincident, regional, airborne 
magnetic high as evidence of a shallow granitic pluton (Grauch, 
1996; Raines, 1996; Grauch, et al., 2003). After encountering 

-
ly stage rock chip sampling programs, Gold Reef staked more 
than 100 lode mining claims in 2005. Fieldwork was conducted 
by the principal author beginning in 2004 (Capps, 2006, 2007, 
and 2012; Press release 29 July 2014 regarding detailed line 
samples and hyperspectral study).

METHODS

Rock-chip geochemistry and geologic mapping

The 2004 through 2006 surface exploration program fo-

cused on geochemical rock-chip sampling and detailed geo-
logic mapping. A total of 996 surface rock chip grab samples 

standard 32-element inductively-coupled plasma atomic emis-
sion spectroscopy (ICP-AES) analysis by Chemex Labs, Inc. A 
ten square kilometer area was sampled on an initial 100-meter 

consist of two to four kilograms of rock chips.

Geophysics

In 2006 Magee Geophysical Services LLC, Reno, Nevada, 
conducted gravity and ground magnetic surveys on about 10 
square kilometers of the Golden Trail Project area. The gravity 
survey data was collected on a 400 meter grid and analyzed 
with a 100 meter cell size. Data collection for the magnetic sur-
vey was on continuous east-west lines spaced 100 meters apart.

Drilling

Historic drilling
In 2006 the author logged and sampled consolidated core 

(abstracts) of Mine Finders’ 634-meter core hole drilled in sup-
port of molybdenum and tungsten exploration (NBMG mining 

within the southern part of the current Golden Trail claim block 
(Hole ES-1; E715534, N4619385 m, Figure 3 inset map). Sam-
ples were taken for gold assay, multi-element geochemistry and 
petrographic analyses. 

Reverse circulation drilling in 2007
The primary target for the four-hole phase 1 drilling pro-

gram was sedimentary rock—hosted gold mineralization. A 
secondary target was intrusive-related mineralization discov-
ered in historic drilling and associated with the mineralized sur-
face skarn and large gravity high.

holes totaling 8,100 feet (2,469 m) were drilled (holes GT8, 
GT9, GT12, and GT17; Table 1; Figure 3 inset map). Drill-
ing was originally planned and permitted for angle holes with 
northeasterly and southeasterly azimuths designed to pierce 
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geochemistry and mineralogy shown in Figure 6.
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northwest-striking mineralized structures but only a vertical 
drill rig was available, and therefore, drilling was restricted to 
the margins of the broad northwest-striking gravity anomaly as-
sociated with alteration, nearly vertical veining, and base metal 
and gold mineralization.

Line Sampling and Pilot Soils Survey

In 2013 a follow-up rock and soil sampling survey (Capps, 
2014; Press release 29 July 2014) was conducted to demon-
strate the repeatability of historic rock chip sampling, better un-
derstand structural and lithological controls on mineralization, 
and to conduct a pilot soil survey to determine the usefulness 
of soil sampling at the Golden Trail Project for determining 
the continuity of gold mineralization in areas of poor outcrop. 
Since historic rock chip samples were only grab samples, a con-
tinuous 5-foot (1.5 meters) line sampling was chosen to provide 
a more representative view of the lithology.

ALS Minerals analyzed rock samples by ICP-AES tech-
niques for 33 elements with a four acid digestion. Gold was de-

grade samples.
As a test for potential coarse gold sampling problems 10 

samples with high gold values were screened by ALS Minerals 

Hyperspectral Study

Alteration mineral assemblages on the 44 samples asso-
ciated with gold mineralization were determined by infrared 
hyperspectral technology using ALS Minerals INTERP-10 pro-
cedure and analyzed by aiSIRIS expert software. The study an-
alyzed spectra from the visible-near infrared (VNIR, 350–1300 
nm) and short wavelength infrared (SWIR, 1300–2500 nm) to 
detect carbonate, white mica, and montmorillonite.

A Carlin Gold (Carlin Au) NIR spectral model was select-
ed as a useful model of the Golden Trail Project geology. The 
Carlin Au sample model optimizes the analysis process and also 
quickly outputs the most relevant mineral and parameter infor-

RESULTS

Geologic mapping and surface rock-chip geochemistry

The stratigraphy of the Golden Trail Project consists of 
about 230 meters of exposed Paleozoic sedimentary rocks (Fig-
ure 3). In the northeastern study area, more than 100 meters of 
Tertiary volcaniclastic rocks and strongly welded, crystal-vit-
ric, rhyolite tuff unconformably overlies these Paleozoic rocks.

All Paleozoic sedimentary rocks were originally calcare-

alteration and thermal metamorphism obscure much of the 

Figure 4. Geologic map of the claims area showing the Golden Trail vein and adjacent alteration zones. See Figure 3 for legend.
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original sedimentary texture. Contacts are gradational, and their 
up-section lithostratigraphy grades from gently northeast-dip-
ping, well-bedded, bioclastic and locally sandy limestone (Pl, 
Figure 3) at the unexposed base, through an undifferentiated 
calcareous shale, which grades upward into a coarse-grained 
calcareous sandstone (Ps, Figure 3) at the top of the section.

Volumetrically, bedded limestone (Pl, Figure 3) represents 
over half of the Paleozoic outcrops in the project area, and over 
110 meters thickness are exposed. The limestone beds are light- 
to medium-gray except along faults and bedding planes, where 
they are thermally metamorphosed, metasmomatically/hydro-
thermally altered, and replaced by silica or other secondary and 
metamorphic minerals. 

There are several beds useful for local stratigraphic con-
trol. For example, a distinctive pebbly conglomerate bed (Pc, 
Figure 2) outcrops about 0.5 km northeast of Emigrant Springs 
and about 4 km to the north. Fossil-rich beds are especially 
abundant in the lower part of the limestone section, and lenses 
of discontinuous coarse-grained bioclastic beds rich in crinoid 
fragments (up to 3.5 cm long) provide local marker beds.

The primary exploration targets a Golden Trail are sedi-
mentary rock-hosted disseminated gold, hydrothermal precious 
metal vein, and mineralized skarn. The results of rock-chip geo-
chemistry (Table 2) and geologic mapping show all outcrops 
are altered and that the mineralization at Golden Trail is cen-
tered on a broad zone of thermal metamorphism and hydrother-
mal/metasomatic alteration. The zone includes large volumes 

-
ure 3) and calcareous sandstone (Ps, Figure 3) covering an area 
of approximately ten square kilometers. Gold and base metal 
mineralization is controlled and localized along broad north-
west-trending dilational zones (Figure 4) containing numerous, 
northwest-striking, high-angle, gold-bearing veins and adjacent 
replacement zones, all centered within northwest-striking, zinc-
dominate, calcsilicate, base-metal skarn (Figure 5) and decal-

rocks include Paleozoic limestone, siltstone, chert, sandstone 

Vein (Figure 4), is over 1,200 meters long and has an associ-
ated alteration zone that averages about 30 meters wide. Val-
ues above 20 ppb Au are common within the zone, and several 
samples above 9 g Au have been collected in the central GTV 

that contained over 28 g Au.
The most intensely altered and mineralized rocks are in the 

northeastern hanging-wall of northwest-striking quartz veins 
and in parallel and coincident zones of dilation (Figure 4). 
Rocks in the northeastern part of the project area are generally 
more strongly altered than those in the south. Northeast-striking 
quartz-calcite veins are comparatively thin, cut the northwest-
striking veins, contain few gangue minerals, and host only mi-
nor gold values at the current level of exposure. All rocks are 
thermally metamorphosed, and phlogopite-bearing hornfels are 
common. In addition, hydrothermal alteration/metasomatism 

extends outward from the faults and quartz veins along bedding 
planes and joints in the limestone host rocks. In outcrop, imme-
diately adjacent to the veins, limestone is altered along the fault 
and bedding planes to medium to dark reddish brown jasperoid, 

and other secondary minerals.
Bedding dips are very gentle and horizontal-bedding is 

common. High-angle normal faults divide the Paleozoic sedi-
mentary rocks into discrete fault-bound blocks. The older nor-
mal faults, which are associated with mineralized veining, strike 
about N50-60°W, and dip at angles of 75 degrees and greater to 
the northeast. Numerous post-mineralization, north-northeast-
striking, high-angle normal faults of generally small displace-
ment cut the mineralized veins, hydrothermal alteration, and 
skarn. The younger faults strike N20-65°E (mode about N40°E) 
and with displacements of up to about 110 meters. These north-
east-striking faults drop blocks down to the southeast, east of 
the central project area, and blocks are dropped down to the 
west in the western project area. A thin northeast-striking horst 
block separates these domains in the central project area.

The geochemical results from the 2013 continuous rock-
chip line samples (44 samples in 3 lines; Table 3; Figure 6) 
and pilot soil survey (36 samples in 3 equal NS lines), at the 
Golden Trail Project are encouraging. Values in excess of 13 

continuous line samples, show good correlation with the his-
toric sampling. These results show that the northwestern-trend 
of the soil anomalies corresponds with the trend of the historic 
rock-chip geochemistry in this area and that higher assay val-
ues are along a gently dipping contact between jasperoid and a 

(Pl, Figure 3, 4, and 6). Beneath the jasperoid, lower but con-
sistent gold values are within the vuggy, ocherous, weakly 
siliceous, dissolution collapse breccia. The jasperoid and dis-
solution collapse breccia are controlled by nearly horizontal 
bedding planes in the marble, and thinly banded sub-vertical 

several outcrops.

Geophysics

Positive gravity (Figure 7) and magnetic (Figure 8) anom-
alies are centered on the northwest-trending zone of mineral-
ization, thermal metamorphism, veining, and hydrothermal/
metasomatic alteration. The gravity anomaly is extremely 
strong (about 8 mGals) and, in addition to the general north-
west trend, has a north-northeasterly trend in the eastern and 
southern portions of the project area. The north-northeasterly 
trend generally follows the trend of post-mineralization normal 
faults (Figure 3 and 4). These gravity anomalies are likely due 
to a relatively shallow intrusion. If the intrusive were deeper, it 
wouldn’t produce as sharp an anomaly in gravity response. The 
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postulated intrusive may be related to the felsic intrusive drilled 
by Mine Finders, Inc. in 1974 is discussed below.

The magnetic anomalies along the margins of the gravity-
high are the strongest (Figure 8, anomalies a and b), but these 
are due to unconsolidated volcaniclastic sediments. Magnetic 
anomalies coincident with the gravity-high are weak and broad 
(Figure 8, anomalies c and d), but at their edges some produce a 
slightly higher magnetic anomaly. This anomaly pattern is like-
ly due to the subhorizontal skarn and hydrothermal alteration 
both of which are locally controlled by bedding plane joints. In 
general, skarn and alteration are best exposed on the slopes of 
the mesa rather than the top.

Drilling

Historic drilling
Logging, petrography, and multi-element geochemistry 

of historic vertical core ES-1 drilled by Mine Finders, Inc. 

-
quop Formation rocks from the surface to a depth of 350 feet 

-
trusive occurs from 350 to 580 feet (106 to 176 m) and graphitic 

Table 2. SUMMARY OF CHEMEX ROCK-CHIP 
GEOCHEMISTRY, ELKO COUNTY, NEVADA*.

Element
Detection 

Limit

# Above 
Detection 

Limit

% Above 
Detection 

Limit
Maximum 

Value

Au (ppb) > 5 327 33 28,100
Ag (ppm) > 0.2 646 65 435
As (ppm) > 20 301 30 1,390
Cd (ppm) > 1 214 21 1,400
Cu (ppm) > 20 397 40 3,490
Hg (ppm) > 1 122 12 24
La (ppm) > 1 570 57 79
Mo (ppm) > 2 482 48 300
Ni (ppm) > 20 785 79 278
Pb (ppm) > 20 584 59 114,000
Sb (ppm) > 2 865 87 10,000
Sc (ppm) > 1 432 82 24
V  (ppm) > 20 274 27 2,660
W (ppm) > 20 316 32 970
Zn (ppm) > 30 843 85 11,400

Figure 5. Ternary plot or Zn-Pb-Cu geochemistry from surface rock-chip samples.
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Table 3. LINE SAMPLE ASSAY RESULTS AND ALTERATION MINERAL ASSEMBLAGES ASSOCIATED WITH GOLD MINERALIZATION  
DETERMINED BY INFRARED HYPERSPECTRAL TECHNOLOGY (ALS MINERALS INTERP-10 PROCEDURE USING AISIRIS SOFTWARE;  
VNIR = VISIBLE-NEAR INFRARED, 350–1300 NM; SWIR = SHORT WAVELENGTH INFRARED, 1300–2500NM; CARB = CARBONATE,  
WH = WHITE MICA, MNT = MONTMORILLONITE).

Sample Easting Northing Type Lithology Recvd Wt. kg Au (ppm) Ag (ppm)
aSIRIS Geologic 

Model
Mineral Assem-

blage (SWIR)
Mineral/Features 

(VNIR)

GT-CC-1 715697.95 4619539.61 Outcrop Limestone/marble 2.21 0 0 Carlin Carb+Wm
GT-CC-2 715698.98 4619540.77 Outcrop Limestone/marble 1.81 0 0 Carlin Carb+Wm
GT-CC-3 715700.04 4619541.89 Outcrop Limestone/marble 2.09 0.007 0 Carlin Carb+Wm
GT-CC-4 715701.04 4619542.89 Outcrop Limestone/marble 1.85 0.011 0 Carlin Carb+Wm
GT-CC-5 715701.97 4619543.95 Outcrop Limestone/marble 1.86 0.007 0 Carlin Carb+Wm
GT-CC-6 715703.12 4619545.00 Outcrop Limestone/marble 1.30 0.007 0.6 Carlin Carb+Wm
GT-CC-7 715703.99 4619546.00 Outcrop Limestone/marble 1.90 0.007 0.9 Carlin Carb+Wm Goethite + hematite
GT-CC-8 715704.89 4619546.99 Outcrop Limestone/marble 1.26 0.007 1 Carlin Carb+Wm
GT-CC-9 715705.98 4619548.02 Outcrop Limestone/marble 1.49 0.005 0.8 Carlin Carb+Wm
GT-CC-10 715705.00 4619557.00 Mining talus Jasperoid & lms contact material 2.50 3.49 100 Carlin Carb+Mnt+ Wm goethite
GT-CC-11 715705.00 4619557.00 Mining talus Leached/porous lms 1.94 0.213 4 Carlin Carb+Wm
GT-CC-12 715705.00 4619557.00 Mining talus Stg feox leached/porous lms 2.06 0.681 54.2 Carlin Carb+Mnt+ Wm goethite
GT-CC-13 715705.00 4619557.00 Mining talus Stg calcite veining of lms/marble 2.48 0.063 1.5 Carlin Carb+Wm
GT-CC-14 715705.25 4619559.33 Outcrop Solution breccia & marble 2.36 0.014 1 Carlin Carb+Wm
GT-CC-15 715703.76 4619559.70 Outcrop Solution breccia & marble +  

feox-rich jsp
2.83 0.434 19.8 Carlin Carb+Wm Goethite + hematite

GT-CC-16 715702.29 4619560.12 Outcrop Jasperoid + adjacent lms 2.58 1.035 90.1 Carlin Carb+Mnt+ Wm goethite
GT-CC-17 715700.81 4619560.52 Outcrop Siliceous feox-rich lms breccia 2.24 13.7 36.2 Carlin Carb+Mnt+ Wm Goethite + hematite
GT-CC-18 715699.36 4619560.92 Outcrop Vuggy clast supported lms breccia 2.39 0.022 0.7 Carlin Carb+Wm
GT-CC-19 715697.91 4619561.31 Outcrop Recrystallized lms & minor jsp 1.40 0.018 0.8 Carlin Carb+Wm
GT-CC-20 715696.46 4619561.71 Outcrop Jasperoid & jasperoid breccia 2.03 0 2.1 Carlin Wm+Carb goethite
GT-CC-21 715694.99 4619562.11 Mining talus Blocks of jasperoid & jasperoid 

breccia
1.66 0.019 1.2 Carlin Carb+Wm Goethite + hematite

GT-CC-22 715693.53 4619562.52 Outcrop Jasperoid & jasperoid breccia 1.69 0.005 1.4 Carlin Carb+Wm goethite
GT-CC-23 715692.05 4619562.92 Outcrop Jasperoid & jasperoid breccia 1.47 0.007 0.7 Carlin Carb+Wm goethite
GT-CC-24 715690.62 4619563.34 Outcrop Limestone/marble 2.49 0.019 1.4 Carlin Wm+Carb
GT-CC-25 715689.13 4619563.72 Outcrop Limestone/marble 1.68 0.066 3.6 Carlin Carb+Wm

(continued)
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Table 3 (continued). LINE SAMPLE ASSAY RESULTS AND ALTERATION MINERAL ASSEMBLAGES ASSOCIATED WITH GOLD MINERALIZATION  
DETERMINED BY INFRARED HYPERSPECTRAL TECHNOLOGY (ALS MINERALS INTERP-10 PROCEDURE USING AISIRIS SOFTWARE;  
VNIR = VISIBLE-NEAR INFRARED, 350–1300 NM; SWIR = SHORT WAVELENGTH INFRARED, 1300–2500NM; CARB = CARBONATE,  
WH = WHITE MICA, MNT = MONTMORILLONITE).

Sample Easting Northing Type Lithology Recvd Wt. kg Au (ppm) Ag (ppm)
aSIRIS Geologic 

Model
Mineral Assem-

blage (SWIR)
Mineral/Features 

(VNIR)

GT-CC-26 715705.17 4619556.63 Outcrop Clast supported limestone/marble 
breccia

1.84 0.041 1 Carlin Carb+Wm

GT-CC-27 715703.67 4619557.06 Outcrop Feox-rich highly porous lms/
marble breccia

2.15 0.024 5.6 Carlin Carb+Wm

GT-CC-28 715702.18 4619557.46 Outcrop Feox-rich fossiliferous lms/marble 
breccia

2.19 0.472 105 Carlin Carb+Wm goethite

GT-CC-29 715700.75 4619557.85 Outcrop Weakly altered sandy porous lms/
marble

2.60 0.024 0.8 Carlin Carb+Wm

GT-CC-30 715699.28 4619558.27 Outcrop 2.69 0.007 0 Carlin Carb+Wm
GT-CC-31 715705.00 4619629.00 Float Large boulder of porous veined & 

recrystallized lms/marble; wk feox
2.37 0.007 0 Carlin Carb+Wm

GT-CC-32 715706.00 4619629.00 Float Dense recrystallized & veined 
limestone/marble

1.96 0 0.5 Carlin Carb+Wm

GT-CC-33 715707.00 4619629.00 Float Feox-rich dense recrystallized & 
veined marble

2.03 0.015 0 Carlin Carb+Wm

GT-CC-34 715705.00 4619626.00 Float Recrystallized lms & minor jsp; 
abundant fxs & cavities to 1 cm

2.79 0.01 0 Carlin Carb+Wm goethite

GT-CC-35 715701.56 4619544.53 Outcrop 2.65 0.008 0 Carlin Carb+Wm
GT-CC-36 715701.53 4619545.96 Outcrop 2.99 0.007 0 Carlin Carb+Wm
GT-CC-37 715701.45 4619547.50 Outcrop -

stone/marble
2.52 0.009 0 Carlin Carb+Wm

GT-CC-38 715701.42 4619548.95 Outcrop 2.37 0.036 0.8 Carlin Carb+Wm
GT-CC-39 715701.34 4619550.46 Outcrop

coarsely recyrstallized
1.79 0.412 10.2 Carlin Carb+Wm

GT-CC-40 715701.28 4619551.96 Outcrop
limstone marble

1.43 0.016 1.7 Carlin Carb+Wm Goethite + hematite

GT-CC-41 715701.20 4619553.44 Outcrop
limstone marble

1.35 0.01 1 Carlin Carb+Wm

GT-CC-42 715701.00 4619623.00 Float Feox-rich chalcedonic breccia 
(hydrothermal breccia?)

2.03 0.985 45.3 Carlin Carb+Mnt goethite

GT-CC-43 715700.93 4619556.48 Float Lms/marble poruous breccia; 
angular/subang. Clasts to 3 cm; 

wk feox

6.58 0.013 0 Carlin Carb + Wm

GT-CC-44 715703.54 4619557.94 Outcrop Porous ocherous lms/marble 
breccia beneath jasperoid

5.63 0.765 20.3 Carlin Mnt+Carb Goethite + hematite
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Figure 6. Geologic map and coincident rock-chip Au, Ag, As, Sb and TI anomalies (see Table 3).
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Figure 7. Golden Trail Gravity Survey Elko Country, Nevada.
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Figure 8. Golden Trail magnetic survey.
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shale, siltstone, chert, mudstone, and minor limestone extend 
from 580 feet (176 m) to a total depth of 2070 feet (634 m). 
Several additional short intercepts of intrusive were noted in 
the graphic Mine Finders’ log. The intrusive intercept from 350 
to 580 feet (106 to 176 m) occupies the thrust zone discovered 
in 2007 drilling (described below) and may be emplaced as a 
sill along the thrust. Additional lithologies include limestone, 
calcareous sandstone and graphitic siltstone. All lithologies are 
locally weakly mineralized and anomalous elements include 
Au, As, B, Be, Bi, Cd, Cu, Fe, La, Mo, Pb, Sb, Sc, V, and Zn. 
The geochemistry, logs and photos are available from NBMG 

2007 drilling
The drilling shows moderate base-metal and weak pre-

cious-metal mineralization within nearly horizontal zones of 

dissolution collapse breccia. Most mineralization is within sed-
imentary bedding planes and jointing adjacent to northwest and 
northeast striking high-angle faults and zones of dilation. The 
mineralization is hosted by a sequence of sedimentary rocks 
(Figure 9a) that are generally horizontal to gently dipping and 
moderately to strongly thermally metamorphosed. The upper 
400 to 645 feet (122–196 m; true thickness) of the sedimentary 
rocks consist of calcareous sandstone and siltstone, limestone 
(marble) and jasperoid interpreted as (altered) Pequop Forma-
tion. Thermally metamorphosed strongly carbonaceous shale, 
chert, and calcsilicate rocks below these Pequop lithologies are 
separated by a thrust fault. The overall phosphate content is 
much higher in rocks beneath the thrust in all four of the holes 
drilled at Golden Trail, and these lithologies are interpreted as 
Middle Permian Phosphoria Formation. This thrust fault places 
older rocks of the Pequop Formation over younger rocks of the 
Phosphoria Formation.

The thrust contact is a strongly deformed zone about 10 to 
50 feet (3 to 15 m) thick. The drill cuttings show a mixture of 
hydrothermally altered lithologies including light colored shale 
and siltstone with a bleached appearance, quartz veining, and 
jasperoid. The zone forms an upper aquiclude bounding a con-

rose as much as 200 feet (60 m) in each of the holes after pen-
etrating the contact zone, and there was very little water in any 
of the holes above about 500 feet (150 m) depth. The elements 
Cr, K, Al, Mg, Na, Be, and Fe are at higher concentrations in 
this zone in all four holes, and Au, Ag, As, Sb is higher at the 
base of the contact zone.

An x-ray diffraction study of ninety representative samples 
-

cent or more of each sample (Table 4), and these data were used 
in constructing the exploration model sections illustrated in 

potassium feldspar, plagioclase, garnet, apatite, chlorite (clino-
chlore), calcite, dolomite, pyrite, sphalerite, goethite, hematite, 
alunite, montmorillonite and kaolinite. Some quartz, calcite, 

dolomite, and apatite may be authigenic, but in general, these 
mineral phases are associated with zones of thermal and hydro-
thermal metamorphism, probably in the metamorphic aureole 
surrounding an intrusion. Quartz is the dominant mineral in all 
samples. Relatively high-grade skarn with plagioclase, garnet, 

1725 to 1730 feet (525.8–527.3 m). Jasperoid commonly re-
places carbonates in the upper portion of each hole. Quartz, 
muscovite, and pyrite (or oxides pseudomorphic after pyrite) 
are nearly ubiquitous in the holes. 

(1.5 m) drill samples is consistent with the mineralogy, and the 
concentrations correspond to nearly horizontal zones of altera-
tion/mineralization. Capps (2012) includes down-hole histo-
grams showing these correlations, and in addition to the anom-
alous gold, silver, copper, molybdenum, zinc, and lead values 
of the mineralized zones (Figure 10), arsenic, antimony, and 
cadmium values are elevated. Strongly anomalous bismuth val-
ues correlate with gold and copper anomalies in holes GT8 and 
GT9 and show a weaker correlation in holes GT12 and GT17. 
Calcium is generally low in zones of anomalous precious and 
base metals, but it shows weak anomalies marginal to thin min-
eralized zones or veins, and where the surrounding rock is de-

-
somatically replaced by quartz and other minerals.

Most barium values are above 565 feet (172m) in all holes 
and show no linear correlation with mineralization. However, 
barium shows a broad correlation with gold and copper be-
tween 1,700 and 1,800 feet (518–548 m) in hole GT17 and cor-
relates with a narrow gold and copper anomaly at about 570 feet 
(173.7 m) in hole GT8.

Some elements are closely associated with calcsilicate skarn 
and other aluminosilicate minerals within the metamorphic au-
reole and show little association with gold mineralization. Be-
ryllium, cobalt, chromium, gallium, mercury, lanthanum, mag-
nesium, manganese, nickel, scandium, titanium, tantalum, and 
vanadium correlate well with aluminum, potassium, and sodium 
in all of the holes. Sulfur correlates with unoxidized pyrite and 

are closely correlated with aluminosilicate minerals, and stron-
tium shows strong correlation with calcium and moderate cor-
relations with zones of aluminosilicate minerals.

Phosphate correlates broadly with aluminosilicate miner-
als below 1000 feet (304.8 m) in all holes and with apatite de-
tected in hole samples analyzed by x-ray diffraction. Phosphate 
is most strongly anomalous in GT8 at 0 to 300 feet (0–91.4m) 
and 1,200 feet (365.7m) to TD (Figure 9a). 

Screen-metallics test for coarse gold

The 44 line samples taken for mineralogical studies (Table 
3) were tested for potential coarse gold sampling problems. Ten 
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Figure 9. Stratigraphic model (a) and exploration model (b) and (c); granitic intrusive cut in core hole ES-1) for the Golden Trail Project (Note 3.28  vertical exag-
gerations and down-hole histogram illustrating phosphate concentrations).
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Table 4. MINERAL PHASES IDENTIFIED BY X-RAY DIFFRACTION STUDY OF REPRESENTATIVE ROCK CHIP SAMPLES FROM RC DRILL HOLES 
GT8, GT9, GT12, AND GT17.  MINERAL PHASES ARE MARKED A REPRESENTING MAJOR (MAJ), MINOR (MIN), TRACE (TR), NOT DETECTED (–), 
OR POSSIBLE (?) COMPONENTS OF THE SAMPLES.  MINERAL ABBREVIATIONS ARE: QUARTZ (QTZ), MUSCOVITE (MS), PYRITE (PY), APATITE 
(AP), CALCITE (CAL), DOLOMITE (DOL), CHLORITE (CHL), MONTMORILLONITE (MNT), KAOLINITE (KLN), K-FELDSPAR (KFS), PLAGIOCLASE (PL), 
HEMATITE (HM), GOETHITE (GT), GARNET (GRT), SPHALERITE (SP), AND ALUNITE (ALU).   MINERAL PHASES LESS THAN 5 VOLUME PERCENT OF 
THE SAMPLE ARE TYPICALLY NOT DETECTED BY THE X-RAY DIFFRACTION TECHNIQUE.

Sample Qtz Ms Py Ap Cal Dol Chl Mnt Kln Kfs Pl Hm Gt Grt Sp Alu

GT8 20-25 MAJ tr – – min – – tr – – – – – – – –
GT8 85-90 MAJ min – – min – – – – – – – – – – –
GT8 190-195 MAJ min – – – – – – – – – – – – – –
GT8 295-300 MAJ tr – – – – – – – – – – – – – –
GT8 410-415 MAJ tr – – – – – – – – – ? – – – –
GT8 510-515 MAJ min – – – – – – tr – – – – – – –
GT8 550-555 MAJ tr – – – – – – tr – – – – – – –
GT8 670-675 MAJ tr – – tr – – – – – – – – – – –
GT8 770-775 MAJ tr – – – – – – – – – – – ? – –
GT8 875-880 MAJ tr tr – – min – – – – – – – – – –
GT8 970-975 MAJ min tr – – – – – – – – – – – – –
GT8 1100-1105 MAJ tr tr – – – – – – – – – – – – –
GT8 1190-1195 MAJ tr tr – – – – – – – – – – – – –
GT8 1325-1330 MAJ tr tr – – tr – – – – – – – – – –
GT8 1425-1430 MAJ min tr – tr min – – – – – – – – – –
GT8 1525-1530 MAJ min min – min – min – – min – – – – – –
GT8 1630-1635 MAJ tr min – min – min – – – min – – – – –
GT8 1725-1730 MAJ min min – min – tr – – – – – – – – –
GT8 1795-1800 MAJ min – min MAJ – min – – – – – – – – –
GT8 1880-1885 MAJ min tr – min – tr – – – – – – – – –
GT8 1925-1930 MAJ – – min min MAJ min – – – – – – – – –
GT9 20-25 MAJ min – – MAJ – – – – – – – – – – –
GT9 135-140 MAJ tr – – min – – – – – – – – – – –
GT9 200-205 MAJ tr – – – – – – – – – – – – – –
GT9 300-305 MAJ tr – – – – – – – – – – – – – –
GT9 410-415 MAJ – – – – – – – – – – – – – – –
GT9 465-470 MAJ min – – – – – – tr – – – – – – –
GT9 550-555 MAJ min – – – – – – – – – – – – – –
GT9 575-580 MAJ min tr – – – – – – – – – – – – –
GT9 675-680 MAJ tr tr – – – – – – – – – – – – –
GT9 755-760 MAJ tr tr – – – – – – – – – – – – –
GT9 855-860 MAJ min tr – – tr – – – – – – – – – –
GT9 885-890 MAJ tr tr – – – – – – – – – – – – –
GT9 950-955 MAJ tr tr – – min – – – – – – – – – –
GT9 1105-1110 MAJ min tr – – min min – – – – – – – – –

(continued)
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Table 4 (continued). MINERAL PHASES IDENTIFIED BY X-RAY DIFFRACTION STUDY OF REPRESENTATIVE ROCK CHIP SAMPLES FROM RC DRILL 
HOLES GT8, GT9, GT12, AND GT17.  MINERAL PHASES ARE MARKED A REPRESENTING MAJOR (MAJ), MINOR (MIN), TRACE (TR), NOT DETECTED 
(–), OR POSSIBLE (?) COMPONENTS OF THE SAMPLES.  MINERAL ABBREVIATIONS ARE: QUARTZ (QTZ), MUSCOVITE (MS), PYRITE (PY), APATITE 
(AP), CALCITE (CAL), DOLOMITE (DOL), CHLORITE (CHL), MONTMORILLONITE (MNT), KAOLINITE (KLN), K-FELDSPAR (KFS), PLAGIOCLASE (PL), 
HEMATITE (HM), GOETHITE (GT), GARNET (GRT), SPHALERITE (SP), AND ALUNITE (ALU).   MINERAL PHASES LESS THAN 5 VOLUME PERCENT OF 
THE SAMPLE ARE TYPICALLY NOT DETECTED BY THE X-RAY DIFFRACTION TECHNIQUE.

Sample Qtz Ms Py Ap Cal Dol Chl Mnt Kln Kfs Pl Hm Gt Grt Sp Alu

GT9 1240-1245 MAJ min min – tr MAJ – – – – – – – – – –
GT9 1340-1345 MAJ tr tr tr min min tr – – – – – – – – –
GT9 1490-1495 MAJ min min – – min tr – – tr – – – – – –
GT9 1590-1595 MAJ tr min – min – min – – min – – – – – –
GT9 1630-1635 MAJ min tr tr min – – – – – – – – – – –
GT9 1725-1730 MAJ min – – min – min – – – MAJ – – MAJ – –
GT9 1865-1870 MAJ min tr – min min – – – – – – – – – –
GT9 1965-1970 MAJ tr tr min tr tr – – – – – – – – – –
GT9 2005-2010 MAJ tr tr min – – – – – – – – – – – –
GT12 20-25 MAJ tr – – tr – – – – – – – – – – –
GT12 130-135 MAJ min – – min – – – – tr – – – – – –
GT12 230-235 MAJ tr – – – – tr – – – – – – – – –
GT12 320-325 MAJ min – – – – – – – – – – – – – –
GT12 490-495 MAJ min – – – – – – – – – – – – – –
GT12 600-605 MAJ tr tr – – tr tr – – – – – – – – –
GT12 720-725 MAJ min – – – – – – – – – – min – – –
GT12 865-870 MAJ min tr – – – tr – – – – – – – – –
GT12 965-970 MAJ min tr – – – min – – – – – – – – –
GT12 995-1000 MAJ min tr – – – min – – – – – – – – –
GT12 1060-1065 MAJ min min – – – tr – – – – – – – – –
GT12 1130-1135 MAJ min min – – – min – – – – – – – – –
GT12 1240-1245 MAJ min tr tr – – – – – – – – – – – –
GT12 1325-1330 MAJ min min min – – – – – tr – – – – – –
GT12 1415-1420 MAJ min min – – tr tr – – – – – – – – –
GT12 1490-1495 MAJ tr tr tr – tr – – – – – – – – – –
GT12 1600-1605 MAJ tr – – min MAJ tr – – – – – – – – –
GT12 1730-1735 MAJ min min – min – min – – tr – – – – – –
GT12 1805-1810 MAJ min tr – min – – – – – – – – – ? –
GT12 1820-1825 MAJ min tr – min tr tr – – – – – – – – –
GT12 1955-1960 MAJ tr tr tr min – tr – – – – – – – – –
GT12 2005-2010 MAJ tr – tr tr – – – – – – – – – – ?

(continued)



G
olden Trail Project

783

Table 4 (continued). MINERAL PHASES IDENTIFIED BY X-RAY DIFFRACTION STUDY OF REPRESENTATIVE ROCK CHIP SAMPLES FROM RC DRILL 
HOLES GT8, GT9, GT12, AND GT17.  MINERAL PHASES ARE MARKED A REPRESENTING MAJOR (MAJ), MINOR (MIN), TRACE (TR), NOT DETECTED 
(–), OR POSSIBLE (?) COMPONENTS OF THE SAMPLES.  MINERAL ABBREVIATIONS ARE: QUARTZ (QTZ), MUSCOVITE (MS), PYRITE (PY), APATITE 
(AP), CALCITE (CAL), DOLOMITE (DOL), CHLORITE (CHL), MONTMORILLONITE (MNT), KAOLINITE (KLN), K-FELDSPAR (KFS), PLAGIOCLASE (PL), 
HEMATITE (HM), GOETHITE (GT), GARNET (GRT), SPHALERITE (SP), AND ALUNITE (ALU).   MINERAL PHASES LESS THAN 5 VOLUME PERCENT OF 
THE SAMPLE ARE TYPICALLY NOT DETECTED BY THE X-RAY DIFFRACTION TECHNIQUE.

Sample Qtz Ms Py Ap Cal Dol Chl Mnt Kln Kfs Pl Hm Gt Grt Sp Alu

GT17 25-30 MAJ – – – min – – min – – – – – – – –
GT17 75-80 MAJ tr – tr min – – tr – – – – – – – –
GT17 170-175 MAJ tr – – – – – – – – – – – – – –
GT17 255-260 MAJ tr – – – – – – – – – – – – – –
GT17 355-360 MAJ min tr – – – – – – – – – – – – –
GT17 460-465 MAJ tr – – – – – – – – – ? – – – –
GT17 530-535 MAJ tr – – – – – – – – – – – – – –
GT17 550-555 MAJ min min – – – tr – – – – – – – – –
GT17 640-645 MAJ min tr – – – – – – – – – – – – –
GT17 740-745 MAJ min tr – – – – – – – – – – – – –
GT17 825-830 MAJ tr tr – – tr ? – – – – – – – – –
GT17 925-930 MAJ min tr – – – – – – – – – – – – –
GT17 1020-1025 MAJ tr tr – – – tr – – – – – – – – –
GT17 1120-1125 MAJ tr tr – – – – – tr tr – – – – – –
GT17 1235-1240 MAJ min tr min – – – – – – – – – – – –
GT17 1325-1330 MAJ tr tr tr – – – – – – – – – – – –
GT17 1425-1430 MAJ tr tr tr – tr – – – – – – – – – –
GT17 1540-1545 MAJ tr tr – tr – tr – – tr – – – – – –
GT17 1600-1605 MAJ min tr – – – tr – – – – – – – – –
GT17 1670-1675 MAJ min tr – min – – – – tr – – – – – –
GT17 1770-1775 MAJ tr min – min – min – – – – – – – – –
GT17 1845-1850 MAJ tr tr – min – tr – – – – – – – – –
GT17 2045-2050 MAJ tr tr – tr – – – – – – – – – – –
GT17 2145-2150 MAJ min tr – min – tr – – min – – – – – –
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coarse fractions were analyzed by Ore Grade Au 30g FA AA 

with high gold values was found to be generally higher but by 
less than 20 percent in the 10 highest value samples. 

Hyperspectral study

A hyperspectral study (Table 3, Press release 29 July 2014) 
of the 44 rock-chip line samples established that the highest 
gold values (up to 28 g/t Au in grab sample) are within hy-
drothermally altered and replaced marble/limestone that is little 
distinguished in outcrop from adjacent altered limestone with 

(Figure 6) were taken to establish a better understanding of the 
controls on gold mineralization and found that the highest val-
ues are along the contacts between dissolution collapse breccia 
and hydrothermally altered marble and an overlying, shallow-
dipping jasperoid horizon. The association of the carbonate-
montmorillonite-white mica alteration mineral assemblage 
with high gold values, discovered by the hyperspectral pilot 
study, represents a potentially useful exploration tool.

DISCUSSION

The results of these studies show that the Golden Trail 
Project is centered on over a 10 square kilometer zone of ther-

and base metal mineralization is hosted within northwest-strik-
ing zones of dilation associated with thermal metamorphism. 
The zones contain numerous high-angle gold-bearing veins and 
adjacent replacement zones within the northwest-striking zone. 
Many replacement zones parallel bedding planes and joints 
within the gently dipping Paleozoic sedimentary rocks. The 
largest vein and related replacement/dilation zone, the Golden 
Trail Vein, (GTV), is over 1,200 meters long and has an associ-
ated alteration zone that averages about 30 meters wide. The 
results of phase 1 exploration drilling, rock chip geochemistry, 
gravity and ground magnetic surveys constrain this northwest 
trend of veining and alteration. North-northeast-trending faults 
of small displacement cut the northwest-trending zone and dis-
place early faults, veins and the GTV vein system.

The Paleozoic sedimentary rocks that host mineralization 
at Golden Trail are mapped to the east of the project, in the cen-
tral Delano district, as part of the Permian Pequop Formation 
(Lapointe, et al., 1991, p.77). Regionally, the Pequop consists 
of 3,500 to 4,000 feet (1067 to 1219 m) of sandy limestone, do-
lomite, and intercalated arkosic sandstone. In the eastern Great 
Basin, these rocks are ore hosts in the central Delano district 
and in the Spruce Mountain mining district, southern Pequop 
Mountains, Nevada (Hope, 1972; Lapointe, et al., 1991; Capps, 
2008b).

Reverse circulation drilling cut about 400 feet (122m) of 
Pequop Formation rocks overlying a thrust fault [Figure 9(a)] 

and thermally metamorphosed highly carbonaceous shale, 
chert, and calcsilicate rocks underlie these rocks beneath the 
thrust fault. The lithology and chemistry of the rocks beneath 
the thrust is very similar to descriptions of the Permian Rex 
Chert of the Meade Peak Member of the Phosphoria Forma-
tion. The Rex Chert is mapped in Delano district, a few miles 
to the east of Golden Trail, and regionally, the Rex Chert is a 
2,500-foot-thick sequence of black- and dark-gray shale, chert 
and carbonate/phosphorite rocks (Lapointe, et al., 1991). The 
overall phosphate content is much higher in similar lithologies 
beneath the thrust in all four of the holes drilled at Golden Trail, 
which is consistent with higher phosphate values in the Phos-
phoria.

The thrust fault is pre-mineralization because there is pref-
erential alteration observed in drill chips within the thrust zone, 

ES-1, and geochemical anomalies correlate between holes both 
-

ure 9(a)–(c)] illustrates the correlation of Pb, Zn, Cu, and Mo 
between holes GT8 and GT9 (note 3.28× vertical exaggeration).

to date, no true Carlin-type deposit has been discovered within 
a porphyry or porphyry related skarn (Cline, et al., 2013), but 
the gold mineralization at Golden Trail shares several impor-
tant characteristics with sedimentary rock-hosted gold deposits 
of northern Nevada. These characteristics include a northwest-
trending structural control and evidence of association with a 

geochemical suite, and the favorable lithology of the host rocks 
(Cline, et al. 2005).

At Golden Trail, the gold mineralization is structurally as-
sociated with northwest striking high-angle replacements with-
in sandy fossil-rich limestone and clastic sediments deposited 
in a relatively shallow water environment, as is true of classic 
sedimentary rock-hosted gold mineralization (Muntean, et al., 
2007). In a regional sense, the northwest trends may be related 
to reactivation of underlying basement Paleozoic normal faults, 
which themselves are locally related to structures formed dur-
ing Proterozoic rifting (Tosdal, et al., 2000). These structures 
formed conduits for deep hydrothermal mineralizing solutions 
and helped form mineralized and unmineralized zones of decal-

The Golden Trail Project lies along a major regional trend 
of magmatism and mineralization. In the Golden Trail region 
(Figure 2), Jurassic through Cretaceous granitic intrusive rocks 
and related skarn (PMl, Figure 2) align to form a N45°W strik-
ing nearly continuous band of hydrothermal alteration and min-
eralization about 35 miles (56 km) long and 5 to 10 miles (8 
to 16 km) wide. This trend includes the Contact and Delano 
mining districts as well as unnamed and named prospects in the 
Knoll Mountains such as the Prince Mine near the northwest 
trending Texas Spring Canyon (Capps, 2008a; Redfern, 1977).

The results of the geophysical surveys show positive geo-
physical anomalies, which closely correspond with the trends 
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of known veining, alteration zones, mineralization and struc-
tures, which were determined by detailed geologic mapping. 
The discovery of garnet skarn minerals generally enclosed by 

geophysical anomalies are due to an intrusive at depth sur-
rounded by a zone of thermal metamorphism [Figures 9(b); 
9(c)]. The granitic intrusive was not encountered by the 2007 
drilling, but 230 feet (70 m) were cut by Mine Finders, Inc. core 
hole ES-1, drilled in 1974, at a depth of 350 to 580 feet (106 to 
176 m) and, therefore, is represented schematically in Figures 
9(b) and 9(c). ES-1 was drilled about 200 meters southwest of 
hole GT8. The granitic intrusive occupies the same position as 
the thrust zone discovered in 2007 drilling and so may, in part, 
form a sill within the thrust zone.

found at Golden Trail, and the screen-metallics test by ALS 
Minerals on pulp samples with high gold values showed only a 
minor increase in gold values in the coarse fractions. The sur-
face and hole geochemistry suggests that gold is locally associ-
ated with arsenopyrite. The higher gold values are associated 
geochemically with anomalous silver, arsenic, antimony, and 
thallium and broadly with mercury and barium which is an im-
portant association at the Jerritt Canyon sediment-hosted gold 
deposit and other Carlin-type deposits (Patterson and Muntean, 
2010).

The soil lines demonstrate continuity of the mineralized 
trend in areas without outcrop and showed anomalies in all 

-

Figure 10. [Section B-B ; Fig. 9(a)–(c)] illustrates the correlation of Pb, Zn, Cu, and Mo between drill holes GTS and GT9 (note 3.2S  vertical exaggeration).
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niques. Hydronium-ion and rare earth elements showed anoma-
lies along the margins of the mineralized trend (rabbit ears 
anomaly; Jenks, 1967; Govett, et al., 1984; Hall, 1997; Welch, 
2009).

The mineralization at Golden Trail is associated with ret-
rograde metamorphism and hydrothermal/metasomatic miner-
als and alteration. Gold mineralization is associated with late 
stages of alteration, and the alteration minerals and associated 
chemistry suggest that the hydrothermal system was an epither-
mal system at the time of gold mineralization.

Evaluation of the gold mineralization at Golden Trail is in 
an early stage, and additional mineral exploration is warranted 
at Golden Trail. Recent detailed geologic mapping, geochemi-
cal sampling, and mineralogical studies (Capps, 2014) show 
that both earlier surface rock-chip samples (996 samples, 2004–
2007) and the vertical holes are not representative of gold or 
base metal mineralization at depth. The generally poor outcrop 
exposure, coupled with nearly horizontal bedding and zones of 

which generally contain lower gold values. The margins of the 
Golden Trail mesa are locally concealed by talus and soil and, 
in the higher elevations, by colluvium and soil. The higher gold 
values are associated with dissolution breccias which are typi-
cally concealed by thin colluvial deposits and soil. Most veins 
and their host structures are very high angle and so are easily 
missed in vertical holes.

Gold is most commonly anomalous within zones of hema-
titic multiphase dissolution breccia controlled by northwesterly 
striking faults, joints, bedding planes, and favorable porous li-

-
ization, but highest gold values locally occur adjacent to iron 
oxide-rich jasperoids which, themselves, typically contain low-
er gold values. Zones containing the highest gold values also 
include elements high Ag, As, Sb, and Tl values and a mineral 
assemblage which includes carbonate, montmorillonite, and 
white mica.

CONCLUSIONS

The Golden Trail Project shows high potential for gold 
mineralization and exploration drilling, and geochemical and 
mineralogical studies should continue in the area. The explora-
tion results to date have determined that the most promising po-
tential for sedimentary rock-hosted Au deposits is within nearly 
horizontally bedded sandy limestone of the Pequop Formation, 
adjacent to the northwest-striking Golden Trail Vein system and 
related replacement zones, and especially where these elements 
are coincident with the northwest-trending gravity high. Intru-
sion related mineralization is a viable target at depth centered 
on the gravity high.

The large area of alteration and gold mineralization, reac-
tive host rocks, siliceous capping rocks, abundant high-angle 
veins and stockworks are comparable to other areas containing 

-

its in eastern Nevada are currently being explored and devel-
oped to the south of Golden Trail along the Long Canyon trend 
in the Pequop Range and in the Kinsley Mountains, and there is 

region of northeastern Nevada. 
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