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BLM Mission Statement

It is the mission of the Bureau of Land Management to sustain the health, diversity, and
productivity of the public lands for the use and enjoyment of present and future generations.
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3.4 Geology and Minerals

3.4.1 Affected Environment

The study area for geology and minerals includes the project area, and transmission line analysis
corridor (Figure 3.4-1). The cumulative effects study area (CESA) for geological and mineral
resources is shown on Figure 3.4-2 and is essentially the Carlin Trend north of Interstate 80 (I-80).
The CESA extends from Newmont's Gold Quarry/South Operations Area Project in the south to the
Midas Mine in the north to include mining and mineral exploration (exploration) activity in the Carlin
Trend. Past, present, and reasonably foreseeable future actions (RFFAS) in the CESA are described
in Section 3.2. Figures 3.2-1 and 3.2-2 illustrate the mining and mineral exploration along the Carlin
Trend. The CESA chosen provides an adequate area of analysis in which to compare the relative
effects of the Proposed Action to overall mining activity in the Carlin Trend. Within the CESA, there are
projects and activities not related to mining and include community development and wildfire
management programs, as described in Section 3.2.

3.4.1.1 Physiography and Topography

The proposed project is located in the northern part of the Great Basin section of the Basin and Range
Province (Fenneman and Johnson 1946). The Basin and Range is typified by northeast to southwest
trending mountain ranges and intervening valleys, the Great Basin being characterized as generally
having internal drainage. The project area is located in the northern portion of the Sheep Creek
Range, which trends northeast-southwest. The Sheep Creek range is somewhat diffuse and is

25 miles wide and 50 miles long. The topography consists of rolling hills and cone-shaped rounded
buttes. Little Antelope Creek drainage cuts through the project area in a generally north-south
direction. In the Hollister area, the topography consists of rolling hills, drainages, rock ledges, and
outcrops. It is somewhat rugged with elevations ranging from 5,400 to 7,000 feet above mean sea
level.

3.4.1.2 Stratigraphy

The geologic units in the project area range from Paleozoic to Recent (Figure 3.4-1). The major rock
units are shown in Figure 3.4-3. The oldest rocks that outcrop in the area are part of the Ordovician-
age Vinini Formation, which is composed of quartzite, chert, and argillite (Wallace 2003a). The
formation is characterized by repeating, coarsening-upwards sequences of orthoquartzites, muddy
quartzites, sandy argillites, and bedded to laminated argillites. Minor calcareous siltstone and
sandstone are present in some of the fine-grained facies of the Vinini Formation (Oelofse et al. 2009).
The Vinini Formation sediments have undergone a very low grade metamorphism in the Hatter
Expansion area. The Vinini Formation also has been altered by the heat of one or both of two Tertiary
intrusive bodies. The alteration has changed the character of the Vinini Formation argillites to hornfels,
a hard metamorphic rock that exhibits brittle deformation (Brown and Caldwell 2010a). The Vinini
Formation was deposited in a subsiding marine basin, but the thickness of the formation is difficult to
determine because the rocks have been deformed and folded and there are limited exposures of the
entire stratigraphic section. Estimated thicknesses have ranged from 500 to 6,000 feet in various
places in northern Nevada (Western Cordillera 2006). In the project area, the Vinini Formation may be
up to approximately 5,000 feet thick (Rodeo Creek Gold Inc [RCG] 2011b), but there are limited
outcrops in the northeastern portion of the Willow Creek Southeast Quadrangle (Oelofse et al. 2009;
Wallace 2003a). The Vinini Formation is primarily in the subsurface in the study area and also is the
host rock for the gold mineralization that is the objective of the proposed mine. The Roberts Mountain
Thrust forms the base of the Vinini Formation and below the thrust are the Devonian Rodeo Creek and
Roberts Mountain Formations (Figure 3.4-4). The Vinini Formation is characterized in the project area
as having sheeted breccia zones that are indicative of Paleozoic deformation (Wallace 2003a).
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Along the eastern reaches of the Mud Springs Road, there are exposures of a unit called the Slaven
Chert, which is Devonian and is a ridge-former due to its resistance to erosion (Theodore et al. 2006).
The Slaven Chert consists of alternating beds of chert and black shale, the layers being a few inches
thick. The unit is often highly contorted and fossil evidence indicates it was deposited in a deepwater
environment. In places the Slaven Chert is so deformed that it is described as a mélange, a descriptive
term for a mappable unit that has been squeezed and contorted and which may contain fragments and
blocks of rocks from other formations.

Another Paleozoic unit that outcrops in the project area is Strathearn Formation, a chert-pebble
conglomerate that occurs in discontinuous outcrops east of the mine area and north of the Mud
Springs Road and is estimated to be late Pennsylvanian to early Permian in age (Theodore et al.
2006). The Strathearn Formation (Late Pennsylvanian and Early Permian) consists of poorly exposed
rocks 1.0 and 2.0 miles east of the project area (Theodore et al. 2006) (Figure 3.4-1). The lower part
of the formation outcrops in the area and it is described as a poorly sorted chert-pebble conglomerate,
with many of the pebbles and clasts derived from the Vinini Formation.

The majority of rocks primarily exposed in the project area are Tertiary igneous rocks. The oldest of
the Tertiary igneous rocks are found in the Hatter Stock, an intrusive body of Eocene age composed of
granodiorite-dacite (Wallace 2003a). The Hatter Stock is located about 3 miles east of the Hollister
Site, but surface evidence is limited to float (isolated blocks of displaced rock). Geophysical data show
a strong positive aeromagnetic anomaly in the location of the stock. Drilling data have further defined
the limits of this igneous body.

At the base of the Tertiary volcanic rocks (volcanic rocks) and between the volcanic rock and the Vinini
Formation is a tuff unit that has been altered to clay. The clay alteration zone is present near the base
of the existing East and West pits and has been found in borings around the Hollister Site. This zone
of clay alteration provides a low-permeability zone with respect to vertical groundwater flow (Brown
and Caldwell 2011a).

Most of the igneous rocks in the vicinity of the Hollister Site are Miocene volcanic rocks consisting of
tuffs, tuffaceous sedimentary rocks, andesite, and rhyolite. The Miocene rocks cover most of the
surface of the study area and form a layer over the Vinini Formation that is approximately 600 to
700 feet thick (Oelofse et al. 2009). In the Hollister area, the Miocene rocks are much thinner,
approximately 250 to 500 feet thick, and the top of the unconformity between the Vinini and Miocene
rocks is exposed in the mine pit (RCG 2009a) (Figure 3.4-4).

In the Willow Creek Southeast Quadrangle, Wallace (2003a) has divided the tuffs and tuffaceous
rocks on the basis of whether they occur north or south of Antelope Creek. The tuffaceous rocks on
the south side of Antelope Creek appear to be directly correlative with the Carlin Formation to the east,
but the apparent equivalents to the north of the creek are poorly exposed, so conclusive correlation is
not possible. The Carlin Formation rocks consist of an upper member of sandstone and siltstone beds
of reworked ash in part. There is a lower member composed of non-welded to partially welded
ash-flow tuff. In addition, the lower member has tuffaceous rocks that were deposited in water or by
wind.

North of Antelope Creek, the tuffaceous rock sequence has been divided into upper, middle, and lower
units (Wallace 2003a,b). The rocks appear to represent continuous sedimentation and in part are very
similar to the Carlin Formation on the south side of the creek, but poor exposures prevent definitive
correlation. Increasing thickness of tuffaceous rocks to the west of the project area indicates a
westerly, highland source that shed material in an easterly direction into lower lying areas. To the east
of the Willow Creek Southeast Quadrangle, the Miocene tuffaceous rocks are mapped as Carlin
Formation regardless of location (Theodore et al. 2006).




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































http://wwwbrr.cr.usgs.gov/projects/GWC_coupled/phreeqc/
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