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3.2

GEOLOGIC RESOURCES AND GEOTECHNICAL
HAZARDS

3.2.1

Introduction and Scope of Analysis

This section describes the geologic resources and geotechnical hazards at and in the vicinity of
the Stibnite Gold Project (SGP) area. The analysis area for geologic resources includes the
footprint of disturbance of all SGP components. Geologic resources as they pertain to this
Environmental Impact Statement (EIS) include bedrock (e.g., ore bodies and development rock)
and overburden (e.g., glacially derived sediments, alluvium). Regional geology and seismicity
are discussed to provide context to the site-specific features. For purposes of this EIS, the
description of existing geotechnical hazards include existing or potential mass wasting features
(e.g., landslide, rockfall, avalanche paths) and focuses on the mine site, access road areas, and
the areas where the transmission lines are proposed to be upgraded and/or new transmission
line would be built. In the context of the mine site, geotechnical hazards are described and
considered with a focus on three proposed component locations: open pits, the tailings storage
facility (TSF), and development rock storage facilities (DRSFs).

3.2.2

Relevant Laws, Regulations, Policies, and Plans

Several laws and implementing regulations apply to mining of the SGP area. The following
subsections describe additional laws, regulations, policies, and plans at the federal, state, or
local level pertaining to geological resources and geotechnical hazards.

3.2.2.1

1872 Mining Law

The statutory right to search for, develop, and extract mineral deposits on public-domain lands
open to mineral entry was established by the General Mining Act of 1872 (1872 Mining Law)
and later legislation. These rights include the right to initially locate a mining claim and the right
to reasonable access to the claim for further exploration, mining, or necessary ancillary
activities, consistent with the Mining and Mineral Policy Act of 1970 (30 United States
Code 21a) and other applicable laws. As described elsewhere in this EIS, regulations at
36 Code of Federal Regulations (CFR) 228, subpart A apply to U.S. Forest Service (Forest
Service) regulation of surface use of National Forest System lands for locatable mineral
operations.

3.2.2.2

Paleontological Resources Preservation Act of 2009

Paleontological resources are managed and protected under the federal Paleontological
Resources Preservation Act of 2009 (Public Law 111-11, Subtitle D). The Paleontological
Resources Preservation Act defines paleontological resources (with certain exceptions) as “any
fossilized remains, traces, or imprints of organisms, preserved in or on the earth’s crust that are
of paleontological interest and that provide information about the history of life on earth...”
(16 United States Code 470aaa(4)). The Paleontological Resources Preservation Act and
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implementing regulations (36 CFR 291) include provisions relating to the management,
collection, and curation of paleontological resources.

3.2.2.3

Cave Resources Protection Act of 1988

Caves and karst formations are protected and managed by the 1988 Federal Cave Resources
Protection Act (Public Law 100-691).

3.2.2.4

Mine Safety and Health Act of 1977

The Mine Safety and Health Act of 1977, as amended (30 United States Code 80,1 et seq.)
regulates mine impoundments, retention dams, and tailings ponds, and all are included in the
definition of a “coal or other mine” in Section 3(h)(1) of the Mine Safety and Health Act of 1977.
All impoundments and dams at metal and nonmetal mines are inspected by the Mine Safety and
Health Administration (MSHA) for hazardous conditions. 30 CFR 56.20010 and 57.20010 state
the following:
If failure of a water or silt retaining dam will create a hazard, it shall be of substantial construction and
inspected at regular intervals.

Under MSHA, potential injuries or fatalities and property damage resulting from a dam failure
may constitute a hazard. In addition, flooding resulting from dam failure that could block routes
of escape could constitute a hazard.
The MSHA safety standards and regulations for surface metal and nonmetal mines pertaining to
retaining dams are in 30 CFR 56, Subpart S. The safety and health standards for underground
metal and nonmetal mines pertaining to retaining dams are in 30 CFR 57, Subpart S.
MSHA standards and regulations would specifically apply to most of the components of the
SGP with exceptions (e.g., transmission line, Burntlog Road access route).

3.2.2.5

Federal Emergency Management Agency

The Federal Emergency Management Agency (FEMA) has developed the National Dam Safety
Program (NDSP), which includes standards that are applicable to structures constructed on
federal land, including tailings storage facility embankments (i.e., dams). The NDSP provides a
conceptual framework that includes requirements for site investigation and design, construction
oversight, operations and maintenance, and emergency planning.
The NDSP is a partnership of states, federal agencies (including Forest Service), and other
stakeholders to encourage and promote the establishment and maintenance of effective federal
and state dam safety programs to reduce the risk to human life, property, and the environment
from dam-related hazards. The NDSP includes federal guidelines for the following topics:
•

Dam Safety Risk Management – FEMA P-1025 (FEMA 2015)

•

Emergency Action Planning for Dams – FEMA 64 (FEMA 2013a)
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•

Inundation Mapping of Flood Risks Associated with Dam Incidents and Failures – FEMA
P-946 (FEMA 2013b)

•

Selecting and Accommodating Inflow Design Floods – FEMA P-94 (FEMA 2013c)

•

Earthquake Analysis and Design of Dams – FEMA 65 (FEMA 2005)

•

Dam Safety – FEMA 93 (FEMA 2004).

3.2.2.6
3.2.2.6.1

U.S. Forest Service
T AILINGS AND M INE W ASTE

Regulatory jurisdiction over a tailings embankment and tailings storage facilities depends largely
on the location. Tailings facilities located fully or in part on federal land administered by the
Forest Service are analyzed and approved as part of the review process for the mining plan of
operations, and a bond is required for any reclamation requirements associated with a tailings
embankment and storage facility.
Mineral regulations speciﬁcally give the Forest Service the ability to regulate tailings: “All
tailings, dumpage, deleterious materials, or substances and other waste produced by operations
shall be deployed, arranged, disposed of or treated as to minimize adverse impact upon the
environment and forest surface resources” (36 CFR 228.8(c)).
The Forest Service would require that the tailings storage facility adhere to NDSP guidelines.

3.2.2.6.2

N ATIONAL F OREST L AND AND R ESOURCE M ANAGEMENT P LANS

Physical, social, and biological resources on National Forest System lands are managed to
achieve a desired condition that supports a broad range of biodiversity and social and economic
opportunity. National Forest Land and Resource Management Plans embody the provisions of
the National Forest Management Act and guide natural resource management activities on
National Forest System land.
In the SGP area, the Payette National Forest Land and Resource Management Plan (Payette
Forest Plan; Forest Service 2003), and the Boise National Forest Land and Resource
Management Plan (Boise Forest Plan; Forest Service 2010) provide management prescriptions
designed to realize goals for achieving desired condition for geologic resources and
geotechnical hazards and include various objectives, guidelines, and standards for this purpose.

3.2.2.7

Idaho Code

Surface mining is regulated by the Idaho Department of Lands through the Mined Land
Reclamation Act, codified as Idaho Code Title 47, Chapter 15. The Idaho Department of Lands
regulatory oversight includes mining and other activities on private and patented land, as well as
on public lands under federal ownership and/or surface management. Idaho Department of
Lands also is responsible for coordinating efforts between other state agencies for mining
projects. The Mine Land Reclamation Act requires reclamation of affected land to return them to
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a productive condition. Idaho dam safety statutes are enumerated in Section 42-1709 through
Section 42-1721 of the Idaho Code. Mine tailings impoundment structures greater than or equal
to 30 feet high are regulated by the Idaho Department of Water Resources in the same manner
as water storage projects, with an additional provision that a surety bond be secured by the
owner, payable to Idaho Department of Water Resources to ensure the TSF is placed in a safe
and maintenance-free condition upon decommissioning.

3.2.2.8

Idaho Administrative Procedure Act and Regulations

Rules governing mined land reclamation are described in Section 20.03.02 of the Idaho
Administrative Procedure Act regulations. Design and construction requirements for Mine
Tailings Impoundment Structures are described in the Idaho Administrative Procedure Act
Section 37.03.05, while Section 37.03.06 describes rules for the safety of dams.
The Idaho Administrative Procedure Act 58 Current Administrative Rules (58.01.13) address ore
processing by cyanidation and would apply because these rules are relevant to tailings dams,
pipeline, and process ponds if they contain cyanide process water.

3.2.2.9

Valley County Regulations

No specific Valley County regulations exist regarding geotechnical issues at mines or geological
resources and hazards. However, Valley County has pertinent sections in their ordinances that
relates to flood control and land use that may apply to the SGP.

3.2.3
3.2.3.1

Existing Conditions
Geologic Setting

The geological resources analysis area is within the Salmon River Mountains, a high-relief
mountainous physiographic province in central Idaho. The proposed mine site has undergone
extensive ground disturbing activities associated with past mineral development spanning more
than a century (i.e., legacy mining features).

3.2.3.1.1

B EDROCK G EOLOGY , L ITHOLOGY , AND S TRATIGRAPHY

Several studies have described the lithologic characteristics and stratigraphy of the intrusive,
metasedimentary, volcanic, and unconsolidated rocks exposed in the analysis area, such as
Larsen and Livingston (1920), Schrader and Ross (1925), Currier (1935), White (1940), Cooper
(1951), Smitherman (1985) Stewart (et al. 2016), and Gillerman (et al. 2019). The descriptions
that follow are derived from these and other relevant sources as well as from unpublished
studies by past operators, Midas Gold Idaho, Inc. (Midas Gold) and Midas Gold contractors and
consultants. A regional geologic map of the area is provided in Figure 3.2-1, and a general map
of local geology at the proposed mine site is provided in Figure 3.2-2.
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Figure Source: Digital Atlas of Idaho 2017, modified by Midas Gold

Figure 3.2-1 Valley County Regional Geologic Map
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Figure Source: USGS 2007
Figure Notes:
Figure 3.2-2 provides an overview of general geologic features and rock types in the vicinity of the SGP based on 2007 data available from the USGS. Nomenclature and classification of the rocks in the analysis area has differed over the years by authors. “PC - quartzite” listed on the legend is described
in closer detail by others as metasedimentary rock which includes several rock types including quartzite, schist, calcareous schist, and marble. In addition, extent of outlines (contacts) of rock types may differ slightly among references. More detail is provided in Stewart et al. 2016 and Gillerman et al. 2019.

Figure 3.2-2 Generalized Geologic Map of Analysis Area
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Bedrock is the solid rock underlying loose surficial deposits. Bedrock geology in the region can
be subdivided into three generalized groups based on age, lithology, and stratigraphic
relationships (listed from oldest to youngest):
(a) Pre-Cretaceous Upper Neoproterozoic to Ordovician (>440 million years ago [Ma)])
metasedimentary rocks within the Idaho Batholith. These units are exposed in the West
End pit and southeast of the Yellow Pine pit areas and include a succession of folded,
faulted, and metamorphosed carbonate and siliciclastic rocks that comprise a portion of
the original rock that was later intruded by the Idaho Batholith and remains as a roof
pendant 1. Figure 3.2-3 presents a typical stratigraphic column of these materials.
(b) Cretaceous (145 to 66 Ma) igneous rocks of the Idaho Batholith. These rocks host the
Hangar Flats deposit and parts of the Yellow Pine deposit and underlie much of the rest
of the area. The igneous rocks consist primarily of granodiorite and granite with lesser
amounts of diorite and aplite. The classification of predominant rock type (granodiorite)
is based on the geologic map (description of map units of the Stibnite quadrangle
(Stewart et al. 2016). Nomenclature and classification of the rocks that comprise the
Idaho Batholith has differed over the years by authors. In this EIS, the term granodiorite
is used synonymously with quartz monzonite to describe the primary rock types of the
Idaho Batholith. Intrusive rock nomenclature correlations are described in Gillerman et
al. (2019, Table 2-2).
(c) Tertiary (65 to 1.6 Ma) intrusive and volcanic rocks.

3.2.3.1.2
3.2.3.1.2.1

S URFICIAL D EPOSITS AND F EATURES
Glacial Deposits and Features

In the analysis area, repeated erosional and depositional processes occurred that were
associated with glaciation during the Pleistocene. Colman and Pierce (1986) estimated the last
glacial advance in the area was approximately 20,000 years ago. Glaciers created U-shaped
valleys with over-steepened, talus-covered sides, and hanging-valley tributaries. U-shaped
valleys also have lateral, terminal, and recessional moraines, and glacial outwash deposits at
their lower ends.

1

A roof pendant is a mass of original rock that remains after being intruded by igneous rock and projects downward
into the intrusive rock (in this case, the batholith).
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Figure Source: Smitherman 1985 as modified by Midas Gold 2017

Figure 3.2-3 Typical Bedrock Stratigraphy of Stibnite
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3.2.3.1.2.2

Alluvial Deposits and Features

Alluvial Processes and Deposits
Because of the steep topography in the analysis area, most of the drainage morphology is
dominated as a result of erosional processes. Some of the important features developed from or
that relate directly or indirectly to fluvial (stream or river) action in the analysis area are
described below. The Stream Functional Assessment (HDR 2016; Rio ASE 2019) provides
additional detail regarding current conditions and stream characteristics in the analysis area.

Alluvial Fans and Aprons
Alluvial fans are the result of erosion and deposition of material by a stream or river into an
adjacent basin. These deposits tend to be fan-shaped in plan view, radiating away from a point
source higher up the drainage or valley. Adjacent fans can merge and form alluvial aprons or
slopes and may overlap each other. Several small alluvial fans in the analysis area have formed
over the older glacially derived landforms.
A large alluvial fan occurs below the East Fork of Meadow Creek (known as the Blowout Creek
fan). The failure of a water reservoir earthen dam in 1965 helped create this fan by depositing
large amounts of sand and gravel (Midas Gold 2016, Figure 1). The Blowout Creek fan
functions as both a filter of sediment from surface runoff and a source of sediment in runoff,
depending on the intensity of precipitation events. Several coalescing fans also occur at the toe
of Garnet Creek (east of the ore processing plant area) and the two smaller drainages to the
north. These fans can contain and transmit substantial groundwater, but also function as
sediment filters for natural surface runoff and feed streamflow downgradient. These alluvial fans
have higher water-holding capacity, or porosity, relative to more permeable, well-drained,
angular talus fans and slope materials found at higher elevations. The alluvial the fans often
have wetlands with distinctive soil, vegetation, and ecological habitat characteristics. Many of
these fans can be and often have been the areas of avalanche runout.

Alluvium and Glacial Outwash Deposits
Glacial outwash is glacially derived material that is eroded, reworked by water sourced from
glaciers upgradient, and then deposited downstream. Glacial outwash occurs throughout the
analysis area and underlies nearly all the larger valley areas. In some cases, other landforms
and processes have combined and influenced the route of the glacial outwash channel.
Alluvium in the area predominantly consists of glacial outwash deposits. Unlike glacial till (ice
transported material), alluvium typically exhibits some bedding and is often moderately sorted.
Grain sizes range from clay to boulders, and sub-rounded to well-rounded clasts are typical.
Locally, thickness of glacial outwash ranges from 0 to over 200 feet.

Holocene Features
Modern (Holocene, about 12,000 years ago to present) stream drainage patterns indicate high
rates of erosion with coarse-grained sedimentary fluvial deposits in floodplains comprised of a
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mixture of angular clasts from adjacent bedrock sources combined with more rounded reworked
glacial meltwater deposits.

3.2.3.1.3

S TRUCTURAL G EOLOGY

This section describes the major structural geologic features in the analysis area including
Mesozoic folds and Cenozoic faults. Primary references that describe regional geology include
Gillerman et al. (2019) and Stewart et al. (2013, 2016).

3.2.3.1.3.1

Folds

Folds are a result of pressure on rock causing the rock to bend or fold rather than break. There
are multiple fold features in the vicinity of the analysis area including the Tamarack Antiform
about 3 miles north of the Yellow Pine pit area (Stewart et al. 2016). The fold axis trends
northwest-southeast, is several miles long, and its geometry is open- to slightly overturned
toward the southwest (Stewart et al. 2016). Two large map-scale folds with numerous smaller
fold structures are known in the Stibnite roof pendant and were first identified as early as the
1920s (Currier 1935; Larsen and Livingston 1920).
The largest fold in the analysis area is the Garnet Creek Syncline, a 3.5-mile-long, northwesttrending, 1-mile-wide doubly plunging syncline, overturned toward the southwest (Smitherman
1985; Stewart et al. 2016). A second large fold structure occurs northeast of the Garnet Creek
Syncline, on the opposite side of the Cinnabar Peak Fault, and has an antiformal geometry and
similar scale. The fold has been informally named the Cinnabar Peak Antiform by Midas Gold.
The folds in the analysis area are cut by several major district- to regional-scale fault zones that
offset the previously folded stratigraphic section. The most pronounced offsets occur along the
Fern Fault in the southeast end of the Stibnite roof pendant and along the Meadow Creek Fault
in the northwest end of the roof pendant (Stewart et al. 2016).

3.2.3.1.3.2

Faults

A fault is a discontinuity in a volume of rock across which there has been significant
displacement as a result of rock-mass movement. Large, north-south striking, steeply dipping to
vertical structures occur in the central and eastern portions of the analysis area including:
Meadow Creek Fault Zone (MCFZ); West End Fault Zone (WEFZ); Scout Valley Fault Zone;
Garnet Creek Fault Zone; Rabbit Creek Fault Zone; Fern Fault Zone; and Mule Fault Zone. The
MCFZ and WEFZ exhibit pronounced fault gouge 2 and multiple stages of brecciation,
suggesting multiple periods of movement. Available information indicates faults were active
during the late Cretaceous and Paleogene (e.g., Gillerman et al. 2019). These faults zones are

2

Fault gouge is finely crushed and ground-up rock produced by the friction of movement between two sides of a
fault.
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poorly exposed, exhibit recessive weathering 3, and some occur under or along the flanks of
glacially carved valleys.
Regional studies of area fault systems indicate there is a low likelihood of active faults in the
analysis area (URS Corporation [URS] 2013). Field observations have not identified evidence of
active faults. Shallow slope failures are more likely due to results of stream incision and
associated normal rates of mass wasting and slope erosion. Whereas, local faults are evidently
inactive, ground shaking at the mine site caused by earthquakes is possible (URS 2013). The
March 2020 Challis, Idaho earthquake with magnitude (M) 4 6.5 and aftershocks occurred
southeast of the mine site, about 45 miles west of Challis, Idaho, outside the analysis area.

3.2.3.1.4

M INERALIZATION

Mineralization began in the late Cretaceous. Hydrothermal alteration is associated with
igneous intrusive rocks of the Idaho Batholith and surrounding metasedimentary rocks. In
the Eocene (56 to 34 Ma) normal block faulting and dike swarms occurred. Hydrothermal
alteration and mineralization continued during this later tectonic event. Gold mineralization
and associated alteration spanned both the Cretaceous and Eocene events (Midas Gold
2017). Metals mineralization typically occurs in association with very fine-grained
disseminated pyrite and, to a lesser extent, arsenopyrite, with gold almost exclusively in
solid solution in these minerals (M3 Engineering and Technology 2019). Antimony
mineralization occurs primarily as the sulfide mineral stibnite. Zones of silver-rich
mineralization locally occur with antimony and are related to the presence of pyrargyrite,
hessite, and acanthite (Huss et al. 2014). Regional mapping by the Idaho Geological
Survey (Stewart et al. 2013) outlines a previously unrecognized, major, northeast-trending
graben complex trending through and just to the southeast of the area (Figure 3.2-2, Big
Creek Graben). This feature is likely a fundamental structural control on at least some of
the mineralization in the district.

3.2.3.1.4.1

Intrusive Rocks

The alteration that occurred as a result of batholitic intrusion in the Yellow Pine and Hangar
Flats deposits is described by White (1940) and Lewis (1984). Gold-bearing mineralization
originally occurred as part of multiple phases of hydrothermal replacement. A subsequent high
temperature sulfide mineralization phase initially contained little gold but as temperatures
decreased, gold-bearing mineralization increased (Midas Gold 2017).
The carbonate-dominated mineralization is distinguished by dolomite, calcite, and quartz with
mainly potassic alteration. Sericite has precipitated in small cavities and along fractures and as
fissure-filling veinlets with pyrite and arsenopyrite. Coarse-grained stibnite veins are commonly
3

Recessive weathering means the surrounding rock (in this case the rock on either side of a fault) is more resistant
to weathering than the fault gouge material.

4

Magnitude is a number that characterizes the relative size of an earthquake. Magnitude is based on measurement
of the maximum motion recorded by a seismograph. Several scales have been defined, but all magnitude scales
should yield approximately the same value for any given earthquake (USGS 2020a).
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associated with a later stage of mineralization (Gillerman et al. 2019). Tungsten, as the mineral
scheelite, occurs as veins and in breccias often intergrown with stibnite, although in many cases
scheelite has been observed cemented by or crosscut by stibnite, suggesting stibnite
mineralization occurred during, but continued after, scheelite deposition (Midas Gold 2017).
Stibnite veining and replacement-style mineralization is often associated with calcite and
ankerite (with possible iron, manganese, magnesium) carbonate (Gillerman et al. 2019).

3.2.3.1.4.2

Metasedimentary Rocks

Gillerman et al. (2019) describes the economic mineralization sequence in the Stibnite
district which occurred in two main stages. The main (early) stage mineralization and
alteration of metasedimentary rocks described in the study includes formation of secondary
silica and sulfide mineralization as veins and disseminations (arsenic-rich and locally goldrich with arsenopyrite). Higher-temperature quartz veins were later cut by veins with
distinctive lower-temperature assemblages including stibnite mineralization. In the West End
deposit, gold concentrations occur within the later fracture-controlled mineralization with
breccia zones in the metasedimentary rocks (Gillerman et al. 2019).

3.2.3.2

Mineral Reserves

The amended Preliminary Feasibility Study prepared for Midas Gold for the SGP reports an
estimated Probable Mineral Reserve 5 of 4.5 million ounces of gold, 6.9 million ounces of silver,
and 137 million pounds of antimony (M3 Engineering and Technology 2019).

3.2.3.2.1

Y ELLOW P INE D EPOSIT

Mineralization of the Yellow Pine deposit is structurally controlled and localized by the MCFZ
and related structures. Mineralization styles, intensity, and widths of alteration vary relative to
distance from the change in strike of the MCFZ. Gold and antimony have different geochemical
signatures, geometries, and locally occurred in different structures during deposition. Structures
and fractures open to circulating hydrothermal fluids during gold deposition were not necessarily
open for antimony deposition. The deposit shows some apparent zonation with gold occurring
throughout the deposit footprint, but with antimony and tungsten primarily in the central and
southern portions of the deposit (Huss et al. 2014).
The dominant fault directions mapped underground and in the open pits by various geologists
from Bradley Mining Company (1938 to 1952), White (1940 to 1941), Cooper (1950 to 1951),
and Midas Gold (2012) trend north-south, northeast, and east-northeast. However, the controls
for antimony mineralization show more northwesterly trends. The different geometries of
antimony and gold distribution suggest different controls for mineralization: antimony is more
strongly influenced by northwest fracturing and gold is more strongly influenced by northeast
and east-northeast structures. White (1940) interpreted all strike-slip faulting as post-mineral;
whereas Cooper (1951) suggested there was significant post-mineralization movement between
periods of early gold mineralization and later antimony-tungsten mineralization. Midas Gold’s
5

Probable Mineral Reserve is the economically mineable part of the measured mineral resource.
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current interpretations on the relative timing of gold versus antimony mineralization are like
those interpreted by Cooper (1951).
Mineralization at the south end of the Yellow Pine deposit exhibits strong, steeply west- and
east-dipping north-south oriented structural controls and occurs in a narrow 80- to 165-foot-wide
corridor along the footwall (east side) of the MCFZ. In the central domain of the deposit,
numerous structural elements intersect, and mineralization occurs along east to east-northeast
striking and west to west-northwest striking, north-dipping dilatant structures, which occur at
relatively high angles to the main shear zone. The multiple structural features provided
significant pathways to mineralizing hydrothermal solutions and the mineralization (Huss et al.
2014). Historically, 6.48 million tons of ore were mined from this location (Midas Gold 2016).
From the mined materials, 479,517 ounces of gold, 1,756,928 ounces of silver, 40,275 tons of
antimony, and 13,579,157 pounds of tungsten were extracted.

3.2.3.2.2

H ANGAR F LATS D EPOSIT

Mineralization within the Hangar Flats deposit is entirely intrusive-hosted, and structurally
controlled and localized by the MCFZ. The MCFZ is generally a north-trending, steeply westdipping complex fault zone with ancillary structures and can be traced from the main Yellow
Pine deposit south, 1.85 miles through the Hangar Flats deposit and continues south for
approximately 1.25 miles. Past production and currently defined mineralized zones occur along
variably north-plunging tabular to pipe-like bodies at the intersection of the main north-south
structural feature and northeast to southwest and east to west trending steeply dipping
conjugate structures and northeast trending, shallow northwest dipping (±30°) dilatant splays.
The mineralized zones range in thickness from 16 to over 330 feet and can be traced several
hundreds of feet down dip. They occur as stacked ellipsoidal lenses along the footwall to the
main MCFZ, which is a thick, 80- to 165-foot-wide zone of clay gouge and heavily broken and
brecciated ground. At Hangar Flats, the mineralized zones become thinner, less continuous,
and lower grade away from the main MCFZ (Huss et al. 2014).
Historically, 303,853 tons of ore were mined from this location, primarily through underground
mining (Midas Gold 2016). From the mined materials, 51,610 ounces of gold, 181,863 ounces of
silver, 3,758 ounces of antimony, and 1,062 pounds of tungsten were extracted.

3.2.3.2.3

W EST E ND D EPOSIT

In the West End deposit, gold mineralization occurs preferentially where the northwest-striking,
northeast-dipping calc-silicate and schist units are cut by the WEFZ or subsidiary faults, but all
rock types host mineralization. Mineralized zones occur as stacked ellipsoidal bodies plunging
along the intersection of favorable lithologic units and structural zones. True widths of these
bodies range from 50 to over 330 feet. Midas Gold drilling intersected gold mineralization
associated with the WEFZ well below the historical pit bottom—as deep as 1,300 feet below the
original ground surface where mineralization was exposed prior to mining. The hanging wall of
the WEFZ tends to exhibit relatively more dilatant and dispersed structures relative to the
footwall and, therefore, more significant mineralization. Open-space fill quartz veins are closely
associated with the faults and are indicative of higher-grade zones of mineralization. In addition
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to sulfide mineralization, open fractures along the WEFZ and subsidiary faults have allowed for
oxide formation at depth from meteoric water infiltration (Huss et al. 2014).
Historically 8,156,942 tons of ore were previously mined from this location (Midas Gold 2016).
From the mined materials, 454,475 ounces of gold and 149,760 ounces of silver were extracted.

3.2.3.2.4

E XPLORATION P ROSPECTS

In addition to the mineralized areas described above, numerous prospects have been
discovered during exploration and development activities in the vicinity of the analysis area over
the past nearly 100 years. Some of these prospects were developed into mines while others
remain undeveloped.
Besides pit expansion possibilities around the main deposits, other exploration targets may one
day warrant consideration for development if they can be proved viable after additional
exploration, environmental, socioeconomic, metallurgical, engineering, and other appropriate
studies. Future proposed mining projects would require analysis and review under the National
Environmental Policy Act and be required to comply with other federal and state regulations that
apply to mining projects.

3.2.3.3

Legacy Mine Features

Over 90 years of mineral exploration and development has created numerous prospect pits,
shafts, and adits (often referred to as “tunnels”) in the analysis area which may represent
physical safety hazards. The locations of former underground and open-pit mine workings have
been identified using historic maps and files from legacy operators and researchers active
during operations. Midas Gold (2016, Appendix D), provides a summary of the history of the
Stibnite Mining District. In addition, Midas Gold (2016, Figure 4-2) depicts locations of previous
mining and related activities in the vicinity of the mine site.
Many of the workings are no longer visible at the surface (from collapse or closure/reclamation)
or have been altered by later mining activities, such as in the Yellow Pine pit area. Areas where
larger underground workings were once developed and still exist include the Meadow Creek
Mine, Defense Minerals Exploration Administration Tunnel, North Tunnel, Monday Tunnel,
Cinnabar Tunnel, Bailey Drain Tunnel, and Clark Tunnel (Midas Gold 2016).
The analysis area contains piles of rock material from past mining or processing activities.
These rock pile areas include old development rock piles such as the Bradley East and Bradley
West dumps, the Meadow Creek Mine dumps, materials excavated and piled near the outlet to
the Bailey Tunnel and Clark Tunnel, and material piles near the Yellow Pine pit lake at Monday
Tunnel and along the former open-pit benches in the Yellow Pine pit. Tailings were deposited
from the 1920s through 1950s in the Meadow Creek drainage and overlain in some areas by
spent ore (e.g., spent ore disposal area [SODA]) in the 1980s and 1990s. Other areas of fill
include development rock storage piles at the former Homestake pit, below the current Midas
Gold exploration camp and shop areas, in West End Creek, and as backfill in the former West
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End and Garnet pits. There also is a loaded former heap leach pad built, operated, and closed
by Hecla Mining in the 1990s, and a series of partially unloaded pads to the east.

3.2.3.4

Paleontological Resources

Potential Ordovician (approximately 485 to 444 Ma) invertebrate fossils were reported by Lewis
and Lewis (1982), but later workers, examining the same sites and materials, have determined
these are assemblages of alumino-silicate (tremolite) and calc-silicate minerals (Lund 2004;
Stewart et al. 2016). The high metamorphic grade and extensive recrystallization of the minerals
that make up the sedimentary rock units in the area generally precludes preservation of fossils
that would be subject to the requirements of the Paleontological Resources Preservation Act.

3.2.3.5

Cave and Karst Resources

There are no known or suspected cave or karst resources in the analysis area. The extensive
metamorphism of the carbonate rocks in the area, as well as level of exposure relative to the
original ground surface where caves and karst would form, would generally preclude the
existence or preservation of such features in the area.
Three unconformities associated with the stratigraphic tops of the district’s three carbonate units
(Hermes Marble, Middle Marble, and Fern Marble) are extensively recrystallized and
dolomitized, and exhibit well developed fracture controlled vugs (i.e., cavities in rock, lined with
mineral crystals). However, these units do not contain large voids or cavities anywhere near the
size to be considered karsts or caves and are not protected by, or subject to, the Cave
Resources Protection Act.

3.2.3.6
3.2.3.6.1

Seismicity
H ISTORIC S EISMICITY

The analysis area is along the western boundary of the Centennial Tectonic Belt (CTB), which is
centered in southcentral Idaho 6. Earthquakes with an approximate magnitude of 6 or greater
have occurred in the CTB with epicenters east and southeast of the mine site (Figure 3.2-4).
The CTB is a northwest- to southeast-trending 30- to 60-mile-wide belt of seismicity and late
Quaternary faulting extending west from the Yellowstone-Hebgen Lake region. Seismicity in the
CTB occurs in multiple geologic provinces (including the Idaho Batholith and northern Basin and
Range) and becomes more diffuse westward from the Yellowstone-Hebgen Lake region
(URS 2013). The analysis area is within the CTB and has the potential to be subjected to strong
(M6 and greater) earthquake ground shaking from seismic activity related to the CTB feature
(URS 2013).

6

URS (2013) describes the Centennial Tectonic Belt (CTB) as the subject seismic region. The term Central Idaho
Seismic Zone is interchangeable with CTB in the literature. As the more commonly used term, CTB is used herein
for consistency with the URS (2013) source report.
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Figure Source: URS 2013; USGS 2020b

Figure 3.2-4 Historic Seismicity (1879-March 2020) of Central Idaho
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Several moderate to large earthquakes have occurred in an approximate 60- to
90-mile radius of the analysis area including:
•

1916 Boise Earthquake (M6)

•

1944 and 1945 Seafoam earthquakes (M6.1 and M6.0, respectively)

•

1983 Borah Peak earthquake (M6.9)

•

1993 White Cloud Peaks earthquake swarm (highest single earthquake M5.1)

•

2020 Challis earthquake (M6.5) (USGS 2020b).

These earthquakes occurred near the center of the CTB (approximately 30 miles southeast of
the analysis area) (URS 2013; USGS 2020b). Late Quaternary faults in the CTB generally trend
northwest-southeast in the east and trend more north-south toward the west. The most
significant potential seismic sources near the analysis area include the Cascade, Council,
Deadwood-Reeves Creek, Long Valley, and Sawtooth fault zones (URS 2013) (Figure 3.2-4).
Although numerous faults are present within the analysis area, none show evidence of recent
active movement nor do historic records suggest this has occurred. However, shallow mass
slope movements related to weathering and typical slope processes in mountainous terranes
(e.g., slumps, debris slides, avalanches) do occur, and activation of these features during a
strong seismic-induced ground shaking event is possible (URS 2013).

3.2.3.6.2

S EISMIC H AZARD A NALYSIS

A site-specific seismic hazard analysis was conducted by URS (2013). A seismic hazard
analysis describes the natural phenomena such as ground rupture, fault movement, or soil
liquefaction that could be caused by an earthquake. The purpose of the analysis is to determine
the response of the structure to seismic loading. The results of seismic hazard analysis are
used as a basis for design and mitigation measure decisions (FEMA 2006).
The seismic hazard is assessed from instrument measurements as well as historical accounts
and geologic observations. Seismic hazard analysis is quantified by three parameters: level of
severity, spatial measurement, and temporal measurement (Wang 2009). The seismic hazard
was assessed at two proposed sites: ore processing plant and the TSF dam – areas considered
to have the highest risk of impacts should a failure occur due to an earthquake. URS performed
both probabilistic and deterministic seismic hazards analyses, each type of analysis and their
relationship is explained below. The combined results probabilistic seismic hazard analysis
(PSHA) and deterministic seismic hazard analysis (DSHA) are an effective means for
determining maximum design earthquake 7 ground motions (FEMA 2005).
PSHA is used to determine the likelihood (probability of occurrence) that a given level of ground
shaking could occur at a site from a combination of earthquake sources. The probability of
7

Maximum design earthquake is an earthquake that would produce the maximum level of ground motion (shaking)
for which a structure (e.g., TSF dam) is to be designed or evaluated.
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occurrence (return period or recurrence interval) is an estimate of the probability or frequency
that a certain event (e.g., earthquake) is expected to occur based on geologic and seismologic
evidence. The PSHA accounts for the full range of possible earthquakes, location, frequency of
occurrence, size, and propagation of the earthquake motion from the rupture zone to the site.
The goal of the PSHA is to quantify the probability of exceeding ground motion levels at a site
give all the possible earthquakes.
Peak ground acceleration (PGA) is traditionally used to quantify ground motion (shaking) and is
generally a function of the magnitude of the event and distance from the source, but other
factors may be considered, such as rock type or type of faulting. The PGA is typically expressed
in terms of PGA measured as a fraction of gravity (g), with probability of exceeding a certain
level over a specific period of time.
DSHA is based on known regional seismic sources and, unlike the PSHA, does not consider the
probability associated with a particular earthquake hazard. In a DSHA, the fault movement that
could cause the greatest level of ground shaking is determined and a specific magnitude event
is applied.
Summary – The DSHA results can be described as a scenario: The maximum modeled event is
a magnitude 6.9 earthquake 3.8 miles (6.1 kilometers) west of the TSF dam site on the
Deadwood-Reeves Creek fault (URS 2013). This event would result in median calculated PGA
of 0.43g. The PSHA results are presented in terms of PGA as a function of probability of
occurrence. PSHA results indicate the PGA for 475-year and 2,475-year return period
earthquake events are 0.10g and 0.14g, respectively. For context, a PGA of 0.1g in bedrock is
considered the approximate threshold at which damage occurs in buildings that are not specially
constructed to withstand earthquakes (FEMA 2006, FEMA 454: Chapter 4, Earthquake Effects
on Buildings). The URS (2013) analysis results are similar to those of the USGS National
Hazards Maps which are the basis for the U.S. building provisions and the International Building
Code.

3.2.3.7

Mass Wasting Hazards

This section presents descriptions of mass wasting or geohazard features in the mine site,
access road corridors, and proposed transmission line corridors. Mass wasting features in the
mine site and access road corridors are described in Section 3.2.3.7.1 and Section 3.2.3.7.2,
respectively. The terms used for mass wasting features in the EIS are described below.
Landslides – “Landslide” is a general term used to describe the downslope movement of soil,
rock, and organic materials, or a combination thereof, under the effect of gravity. The term
landslide also describes the landform that results from such movement (Highland and
Bobrowsky 2008). Landslides are categorized based on type of movement (e.g., fall, topple,
slide, spread, or flow) and the type of material involved (e.g., rock, earth, debris, or mud).
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Landslide types include rockfalls, deep-seated slope failures, mudflows, debris flows 8, and
slumps 9. The type of flow and rate of movement vary with size and type of material, water
content, and shape.
Landslides are generally caused by natural processes, such as earthquakes, mechanical
weathering and erosion, water saturation, or human-made processes such as deforestation and
slope excavation. In many cases, a landslide is triggered by a specific event, such as heavy
rainfall, an earthquake, or a slope cut to build a road, although the cause of the failure is not
always identifiable or predictable.
Many of the very large landslides in the area are likely post-glacial features. During glaciation
large chunks of ice may become buried in glacial till. When the ice melts after glaciation, the
materials can become unstable, resulting in large landslides. Some of the larger geohazards
features depicted on Figure 3.2-5 may have occurred through this process. An example is the
landslide identified on the east side of the East Fork South Fork Salmon River (EFSFSR) north
of the camp area (STRATA 2014a).
Landslides occur in a variety of environments, characterized by either steep or gentle slope
gradients. While slope is in important factor, cohesiveness of the materials and moisture also
are important factors.
The top of a slope immediately above a slide, or slope failure, is referred to as the crown, and
the exposed failure surface below the crown is called a scarp. The end of a landslide is referred
to as the toe, and the top of the landslide is called the head. The main body of the landslide may
have radial or transverse cracks and transverse ridges.
Avalanche – An avalanche is a slope failure composed of a mass of rapidly moving, fluidized
snow and ice that slides down a mountainside. After initiation, avalanches usually accelerate
rapidly and grow in mass and volume as they entrain more snow and ice. Avalanches can pick
up debris from the ground, including soil, rock, large boulders, and trees.
The slope failure associated with an avalanche is caused by several factors, but primarily by
large accumulations of snow on a steep slope. Avalanches occur on slopes averaging 25 to
50 degrees, and the majority are on slopes between 30 and 40 degrees. They are triggered by
natural seismic or climatic factors such as earthquakes, thermal changes, and blizzards, or by
human activities (Idaho Office of Emergency Management 2018).

8

Debris flow is a mass of soil and/or fragmented rock in slurry of water that moves downslope under the influence of
gravity and forms muddy deposits in valley floors.

9

Slump as defined for the EIS: Geohazard assessment reports (STRATA 2013, 2014a, 2016) use the term “slough”
and “slump” interchangeably to refer to “small landslides” of less than 0.1 acre. For purposes of consistency, this
EIS uses the term “slump” in the text. However, figures originating from the referenced geohazard assessment
report may still retain the use of “slough.”
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Figure Source: Mears and Wilbur Engineering 2013 (as modified by Midas Gold 2020); STRATA 2014a
Figure Notes:
The term slough is used synonymously with slump on Figure 3.2-5

Figure 3.2-5 Geohazard Locations within the Analysis Area
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The most common types of avalanches are loose-snow and slab avalanches. A loose-snow
avalanche is composed of dry, fresh snow deposits that accumulate as an unstable mass atop a
stable snow and slick ice sublayer. A loose-snow avalanche releases when the sheer force of its
mass overcomes the underlying resistant forces of the cohesive layer. A slab avalanche
generally is composed of a thick, cohesive snowpack deposited or accumulated on top of a
light, cohesion-less snow layer or slick ice sub-layer. At the starting surface or top of the slab, a
deep fracture develops in the slab of well-bonded, cohesive snow. A slab avalanche release is
usually triggered by turbulence or impulse waves.
An avalanche path is determined by the physical limitations of the boundaries of the local terrain
and human-made features. An avalanche may follow a path along a channelized or confined
terrain, similar to debris flows or streams, before spreading onto alluvial fans or gentle slopes.
An avalanche path is described as having three specific transition zones:
•

The Starting Zone is typically located near the top of the ridge, bowl, or canyon, with
steep slopes of 25 to 50 degrees;

•

The Track Zone is the reach with mild slopes of 15 to 30 degrees and the area where
the avalanche will achieve maximum velocity and considerable mass; and

•

The Runout Zone is the area of gentler slopes (5 to 15 degrees) located at the base of
the path, where the avalanche decelerates, and massive snow and debris deposition
occurs (Idaho Office of Emergency Management 2018).

3.2.3.7.1

M INE S ITE

The following subsections describe known landslide and avalanche hazards in the vicinity of the
mine site based on geologic hazard assessments (STRATA 2014a, 2016) and an Avalanche
Hazard Assessment for portions of the mine site (Mears and Wilbur Engineering Inc. 2013).
Figure 3.2-5 shows landslide and rockfall (slope failure comprised of rock) features in the
vicinity of the mine site, as well as avalanche paths within the central mine site area.

Northern Area: Yellow Pine and West End Pits
The terrain in the northern mine site area is relatively steep with natural timbered slopes as
steep as approximately 31 degrees (1.67H:1V). Waste rock disposal areas from previous mining
activity are northeast of the historic Homestake pit (the site of northeastern end of proposed
Yellow Pine pit) and to the southeast of the historic West End pit. The Homestake disposal area
has an upper ground surface sloping toward the north-northwest ranging from 15.4 to
24.8 degrees (3.63H:1V to 2.17H:1V). Along the northern edge (toe) of the disposal area the
slope is steeper, averaging 29.7 degrees (1.75H:1V), with a maximum height of the disposal
along this north crest of approximately 80 feet (STRATA 2013).
West End Creek has two waste rock dumps from the Stibnite Mining, Inc. operations. The Lower
West End waste rock dump is north of the West End Pit and is close to 300 feet in total height,
The Upper West End waste rock dump is east of the West End Pit and has an upper surface
covering over 7 acres, and the dump height is at least 400 feet (Stibnite Mining Inc. 1994).
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Two slumps, four landslides, and a rockfall are noted in this area (Figure 3.2-5). The isolated
slumps likely were caused by oversteepening of the slope due to road cuts and the presence of
groundwater seepage near or at the ground surface. Potential rockfalls are primarily related to
former open-pit mining slopes in the Homestake pit, West End pit, and the Stibnite pit.
The Avalanche Hazard Assessment (Mears and Wilbur Engineering 2013) did not include an
assessment of avalanche hazards in the vicinity of the proposed Yellow Pine and West End pits.

Central Area: Mine Support Facilities
The Central Area extends south of the Yellow Pine pit and encompasses most of the proposed
mining support facilities and northern portion of the Fiddle DRSF. and is in or adjacent to the
EFSFSR valley floor, a relatively flat area. Geologic materials are comprised of alluvium, glacial
deposits, and ancient landslide deposits (STRATA 2013). Potential geohazards identified in the
Central Area are shown on Figure 3.2-5 and include two slumps, one landslide, three rockfalls,
and three areas with groundwater seeps.
Two relatively small slumps occur in old road cuts along a now obscured former access road.
One of the slumps approximately 20 feet high and 140 feet long and has a slope of about 45
degrees measured at mid-slope. The other slump is just north of the first slump and measures
100 feet long by 50 feet high. Groundwater seeps produce minor localized flows (less than 3
gallons per minute) of surface water at both sites, suggesting that seeps and elevated
groundwater may have helped initiate these slope failures (STRATA 2014a).
A larger landslide, approximately 1,000 feet wide, covers several acres to the east of the
EFSFSR and is believed to be a post-glacial landslide. The toe run-out area of the landslide
relatively flat (12 to 15 degrees). A groundwater seep also occurs near the south margin of the
landslide, suggesting that high groundwater levels during a period of glacial melting likely
triggered this slide in moderately sloping terrain (STRATA 2014a).
Directly behind and to the east of the core building at the exploration camp is a rock outcrop
producing a rockfall comprised of angular cobbles and small boulders. This feature appears to
be about 250 feet long by about 30 feet high based on the information provided in STRATA
(2014a, Figure Detail B and Photo 8). The hill slope to the west of the confluence of Meadow
Creek and the EFSFSR has large steep outcrops of quartz monzonite. Rockfall from these
outcrops could possibly reach infrastructure (e.g., rock crusher) proposed near the base of that
slope (STRATA 2014a).
Mapped avalanche paths in this area are mostly on the slopes to the east of Meadow Creek.
Some are mapped between the proposed cell tower access road and new transmission line
(Figure 3.2-5) (Mears and Wilbur Engineering 2013).
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Southwest Area: Hangar Flats Pit and SODA
The Southwest Area is within the relatively flat valley floor of Meadow Creek. The area is the
proposed location for the Hangar Flats pit. The SODA is currently upstream from the former Hecla
heap leach pad in this same terrain.
On the adjacent hillsides to the north, slopes are as steep as 35 degrees (1.43H:1V); whereas,
the steepest slopes to the south are approximately 26.5 degrees (2H:1V).
Based on reconnaissance and helicopter fly-over observations, five landslides were identified in
this area by STRATA (2014a) (Figure 3.2-5):
•

A narrow (about 200 feet wide) debris flow scar originating near the Meadow Creek Mine
portal and extending approximately 500 feet downslope to the valley floor
(STRATA 2014a, Figure Detail C, feature LS-7)

•

A narrow (about 300+ feet wide) landslide area in a shallow drainage on the north
hillside near the west end of the SODA. Shallow groundwater likely is causing the
slippage in this area, and several small, partially healed ground-surface scars suggest
that localized debris-flow pockets likely have developed during recent wet periods
(STRATA 2014a, Figure Detail C, Feature L-8).

•

A slow-moving landslide (i.e., creep) (approximately 20 acres) in the mouth of the
drainage (a northeast-southwest trending tributary to Meadow Creek) is present above
the west end of the Hecla heap leach site. The area is characterized by shallow
groundwater (as evidenced by vegetation in the area) and deformed aspen trees caused
by the slope creep. The trees indicate progressive slope movement over the past 15 to
20 years. The toe of the landslide is near the projected toe of the rock waste dump and
could be a concern for infrastructure developed in this location (e.g., a haul road or slurry
pipeline) and may need to be considered in design (STRATA 2014a, Figure Detail C,
Feature LS-9).

•

Two landslide features occur on the northwest-facing hillslope to the south of the
Meadow Creek confluence with EFSFSR and extending to the mouth of Blowout Creek.
One is characterized by irregular hummocky ground and seeps indicate past landslide
activity covering approximately 80 acres. Several springs and seeps (wet, spongy
ground) are present along the lower portion of this landslide complex in the area
(STRATA 2014a, Figure Detail C, features LS-10 and LS-11). A smaller slump in a road
cut is present about half-way downslope and to the west. This slump area appears to be
several years old and has been treated with staked erosion control matting; new
vegetation is established in the scar.

The majority of the SODA and the proposed Hangar Flats DRSF are within mapped avalanche
hazard zones (Figure 3.2-5) (Mears and Wilbur Engineering 2013).
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Southeast Area: EFSFSR and Worker Housing Facility
The terrain in this region is primarily in or adjacent to the valley floor of the upper reaches of the
EFSFSR and is relatively flat. Geologic materials in this area are comprised of alluvium, glacial
deposits, ancient landslide deposits, and lacustrine peat-like deposits.
Landscape features are dominated by glacial deposits, particularly lateral moraines and a large
ancient landslide on the south hillside of the drainage, approximately one mile upstream of the
confluence of the EFSFSR and Meadow Creek (STRATA 2014a).
Three landslides were identified in this area (although one of the landslides also was described
as being in the Southwest Area (STRATA 2014a, Detail Figure D, feature L-11). This feature is
described above under “Southwest Area.” The other two landslides are described below in
addition to two areas that were observed with seeps, indicating a potential for future slides.
A large, ancient (glacial age) landslide covers at least 200 acres south of the EFSFSR and
appears to have dammed the drainage in the past, likely forming the depositional area that is
now a flat meadow. This area is characterized by hummocky ground and local areas of seeps,
or wet areas with spongy ground. Though this area currently appears generally stable, smaller
segments in the landslide complex may experience creep behavior during exceedingly wet
periods. (STRATA 2014a, Detail Figure D, Feature LS-12).
There also is an ancient landslide upslope of the proposed worker housing facility in the
EFSFSR valley about 1.3 miles upstream from its confluence with Meadow Creek. The run-out
deposit of this event measures approximately 1,000 feet upslope and 400 feet wide (laterally
across the slope) for an area of about 9 acres. Thunder Mountain Road (National Forest System
Road 50375) crosses the central portion of this feature just east of the flat floodplain area. The
head of the rockslide appears to be a vertical outcrop of quartz monzonite upslope from the
road (STRATA 2014a, Detail Figure D, feature LS-13).
Avalanche hazard zones have been identified in Rabbit Creek valley and adjacent unnamed
stream valley to the southeast, as well as directly east of the proposed worker housing facility.
Additional avalanche hazards zones are mapped near the northernmost Burntlog Route borrow
source (Mears and Wilbur Engineering 2013) (see Figure 2.3-2, Chapter 2 and Plate 3A,
Appendix E-1).

3.2.3.7.2

A CCESS R OADS

This section addresses the identified mass wasting hazards along Burntlog Route and the
Yellow Pine Route (which includes Johnson Creek Road, [County Road {CR} 10-413] and the
Stibnite Road segment of McCall–Stibnite Road [Stibnite Road, CR 50-412]) between Yellow
Pine and Stibnite. Figure 2.3-1 (see Chapter 2, Alternatives) depicts both access road corridors.
Previous evaluation of the risks used the following information sources:
•

STRATA. 2016. Geologic Hazard Assessment Burntlog Access Road Project

•

Mears and Wilbur Engineering. 2013. Avalanche Hazard Assessment
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•

Midas Gold. 2019a. Supplemental Response to Request for Additional Information 83
regarding Johnson Creek/Stibnite Road (Yellow Pine Route) for Primary Stibnite Gold
Project Mine Access

These data were found to be insufficient to evaluate and compare the occurrence of mass
wasting hazards present along the Yellow Pine and Burntlog routes because only the Burntlog
Route has been the subject of a specific geologic hazard assessment (STRATA 2016). No
geologic hazard assessment, including field reconnaissance, has been conducted to date for
the Yellow Pine Route. Therefore, as part of preparation of the EIS and to enable a general
comparison of identified hazards between the Yellow Pine and Burntlog routes, a desktop study
of both corridors was conducted (Appendix E-2).
The desktop study (Appendix E-2) was conducted to identify probable landslides, rockfalls, and
avalanche paths along the transportation corridors based on imagery from Google Earth (2020)
using the following methods:
•

Landslides – Landslide hazards were identified along existing road cuts based on
vegetation signatures and evidence of migrating slope failures up-slope of the road
prism. Data from STRATA (2016) was considered along both existing and proposed
roads.

•

Rockfalls – Rockfall hazards were identified along existing road cuts based on
vegetation signatures, substrate color, and evidence of slope erosion upslope of the
existing road prism. Information from STRATA (2016) was considered along both
existing and proposed roads.

•

Avalanche Paths – Avalanche paths were identified based on vegetation signatures and
supplemented with slope calculations (30 to 45 degrees) using measurement tools in
Google Earth and compared to data from Avalanche Hazard Assessment (Mears and
Wilbur Engineering 2013) and Supplemental Response to Request for Additional
Information 83 regarding the Yellow Pine Route (Midas Gold 2019a).

Locations of identified hazards along each corridor were assigned a unique identifier with the
following information: latitude, longitude, horizontal distance of estimated impact to the road
prism, and estimated acreage of the feature. The coordinate identifier locations represent the
estimated center of the feature. All calculations and values were derived from mapping and
measurement functions included in Google Earth (2020). Values are presented for comparison
purposes only. Future field investigations may identify additional geohazards not identified via
aerial photographs. Figure 3.2-6 depicts identified geohazards based on all sources of available
information and the desk top study.

3.2.3.7.2.1

Burntlog Route

Landslide and slope instability hazards have been assessed along the proposed Burntlog
Route, including in-field observations (STRATA 2016). Maps depicting locations of landslide
hazards along the proposed Burntlog Route as discussed in STRATA 2016 are provided in
Appendix E-1. Visual evidence of slope instability was reported at several locations along
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the route. Observed slumps are likely associated with groundwater seeps on steep slopes,
with the plane of the features tending to be shallow. Because failure is likely associated with
groundwater seepage, seepage also was mapped to identify areas that may be prone to
failure (STRATA 2016).
STRATA (2016) identified rockfalls along the Burntlog Route. Potential rockfall areas are
primarily tied to existing road cuts occurring in both glacial till/colluvium and granitic
outcrops. Areas that may be prone to rockfall were observed in the road cuts as rounded
and/or angular cobbles and small boulders in other locations. These soils and rock cut
slopes range from 30 to 60 degrees and range in height from 10 to 20 feet.

3.2.3.7.2.2

Yellow Pine Route

The Yellow Pine Route includes Johnson Creek Road (CR 10-413) and Stibnite Road
(CR 50-412). There is documentation of avalanches and landslides along this corridor
(Midas Gold 2019b):
•

In March 2014, a series of avalanches blocked Stibnite Road (CR 50-412) in two
locations and caused the river to reroute onto the road. The largest slide extended over
the road for more than 50 feet and was at least 14 feet deep (Midas Gold 2019b).

•

In April 2019, a series of avalanches and related landslides caused extensive damage to
Stibnite Road (CR 50-412), resulting in closure of the road for approximately two
months. The slides pushed snow, timber and other debris into the EFSFSR and up onto
Stibnite Road, and sections of the road near Tamarack Creek were washed away. In
places, the slide was nearly 100 feet high (Midas Gold 2019b).

Identified geologic hazards, including those based on the desktop study (Appendix E2) are depicted on Figure 3.2-6.
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Figure Source: Google Earth 2020; STRATA 2016; Weppner et al. 2017

Figure 3.2-6 Identified Geohazards along Burntlog and Yellow Pine Access Routes
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3.2.3.7.3

S UMMARY OF G EOHAZARDS – A CCESS R OUTES

Table 3.2-1 provides total geohazards identified along the Burntlog and Yellow Pine (Johnson
Creek Road and Stibnite Road) access routes based on desktop study with supporting
information sources.
Table 3.2-1

Total Identified Geohazards
Landslides and Rockfalls

Access Route

Total
Number

Length of Road
Impacted
(feet)

Avalanche Paths

Area
(acres)

Total
Number

Length of
Road
Impacted
(feet)*

Area
(acres)*

Burntlog Route

26

15,043

482.5

22

590

2.4

Johnson Creek Road
(CR 10-413) and
Stibnite Road (CR
50-412)

451

22,425

145.3

12

27,043

108

Table Source: Google Earth 2020; Mears and Wilbur Engineering 2013; Midas Gold 2019a, Mears 1992; STRATA
2016; Weppner et al. 2017
Table Notes:
1 Total does not include two slump features along Johnson Creek Road. The slumps are not currently impacting the
road prism.
2 Weppner et al. 2017 describes an area with “two or three” avalanche paths south of the road crossing at East Fork
Burntlog Creek.
* Estimated based on Google Earth 2020.

Six landslides and 20 rockfalls were identified along the Burntlog route. One area south of the
road crossing at East Fork Burntlog Creek has two to three avalanche paths (Weppener et al.
2017).
Along the Yellow Pine Route, 11 landslides and 8 rockfalls were identified along Johnson Creek
Road (CR 10-413). Fifteen landslides and 11 rockfalls were identified along Stibnite Road
(CR 50-412). No avalanche paths were identified along Johnson Creek Road (CR 10-413), but
12 avalanche paths were identified along Stibnite Road (CR 50-412).
In addition to the two corridors described above, the Forest Service notes an avalanche path
along Warm Lake Road that would be part of the transportation corridor common to both the
Burntlog and Yellow Pine routes (Forest Service 2020). This feature was observed in Google
Earth during the desktop study and the location is depicted on Figure 3.2-6.

3.2.3.8

Geotechnical Characteristics

This section provides a summary of existing subsurface conditions within the analysis area,
focusing on key SGP components: open pit areas (Yellow Pine, West End, and Hangar Flats),
the TSF, DRSFs (Yellow Pine, West End, Fiddle, and Hangar Flats), EFSFSR tunnel, ore
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processing facility and Scout exploration decline, and worker housing facility. This information is
intended as a summary of current conditions and the affected environment and is based on
investigations conducted by others to support engineering related to mine waste management
facilities and infrastructure foundations.

3.2.3.8.1

O PEN P IT A REAS

Three open pits are proposed at the mine site: the Yellow Pine pit and West End pit in the
northern part of the mine site, and the Hangar Flats pit, along the Meadow Creek drainage, in
the southern part of the mine site. Historic open-pit mining has been conducted in the Yellow
Pine and West End areas; whereas, previous mining activity at Hangar Flats was underground
(Meadow Creek Mine) (Midas Gold 2016).
Geologic and geotechnical conditions have been well characterized at the mine site by
information derived from several studies conducted over multiple field seasons. Studies
included drilling, sampling, and logging boreholes, standard penetration tests, cone
penetrometer tests, geotechnical laboratory tests (e.g., particle size distribution, Atterberg
limits, direct shear), groundwater monitoring wells, piezometers, aquifer slug tests, as well as
specific structural geology investigation and a pit slope design study. A comprehensive
discussion of available information is provided in the Stibnite Gold Project Geotechnical
Investigations Summary Report (Tierra Group 2018) and the Geotechnical Baseline
Summary (STRATA and Tierra Group 2017).

3.2.3.8.1.1

Overburden

Yellow Pine Pit
Observed overburden thickness in the area northwest of the planned Yellow Pine pit ranges
from 47 to at least 180 feet, and depth to bedrock generally increases toward the west. The
uppermost material in boreholes drilled approximately 2,000 feet to 750 feet northeast of the
outline of the Yellow Pine pit (boreholes SRK-GM-02s through SRK-GM-04S) consists of
development rock from legacy mining activities (STRATA and Tierra Group 2017). Native soil
beneath the development rock is mostly sand, with some gravel. Measured hydraulic
conductivity ranges from 0.31 to 56.7 feet per day (feet/day) (SRK Consulting [SRK] 2012).
These values were determined using data from six slug tests (one slug test from each of six
wells).
Overburden depth in the area south of the Yellow Pine pit (boreholes SRK-MG-07S,
SRK-MG-11S, and SRK-GM-12S) ranges from 47 to 61 feet and consists mostly of sand and
gravel, with occasional layers of silt noted in the borehole logs. No hydraulic conductivity testing
was reported for this southern area.
Moisture content and soils classification tests were performed on selected fine-grained samples
from the boreholes. Atterberg Limit tests were performed according to American Standard for
Testing and Materials D4318 (SRK 2012). These tests are used to classify fine-grained soil (silts
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and clays). Results of the tests indicate the fine-grained fraction of the tested samples are
generally low plasticity 10 silts and clays.

West End Pit Area
Two borings were drilled into the overburden at the West End pit. Two surficial grab samples
were collected at the West End pit; the soils were classified as: clayey silty sand with gravel with
low plasticity and silty sand that is non-plastic (STRATA 2014a).

Hangar Flats Pit Area
Information from deep exploration drilling in this area indicates that depth to bedrock increases
greatly with distance from adjacent valley slopes, suggesting a deep U-shaped valley, filled with
fluvial material overlying glacial deposits. Overburden thickness is greatest in the southcentral
area, where the depth to bedrock was noted to be more than 250 feet (borehole SRK-GM-22S).
Surficial soils were moderately dense to dense sands with some gravel and occasional silt
layers. Beneath the surficial layers, the soils are mostly sand and gravel inter-bedded with silty
sand. At depths greater than 200 feet, clayey sand and clayey gravel were encountered.
Atterberg Limit tests were performed on two overburden samples (one from each of two
borings). Test results of these samples indicate low plasticity in both samples (SRK 2012).

3.2.3.8.1.2

Structural Features

Structural orientations of faults and joints were measured at rock exposures (as well as the
width, infill, and kinematic indicators, if present). Lower-hemisphere stereonet plots of poles-toplanes indicated mostly moderately dipping to steeply dipping structures, with joint orientations
generally similar to fault orientations. Occasionally, joint sets were oriented nearly perpendicular
(conjugate) to fault orientations. In addition to examination of surface exposures, oriented
boreholes were drilled in the Yellow Pine pit, West End pit and Hangar Flats pit areas and
continuous rock core was sampled (Tierra Group 2018).

Yellow Pine Pit Area
The predominant structural feature in the Yellow Pine pit area is the MCFZ, which generally is
north-northeast striking and steeply dipping to the west or northwest. Associated with the zone
are north-striking, west-dipping conjugate splay or cross structures. The widest recognized
section of the fault zone is about 190 feet wide. Other faults in the area tend to be sub-parallel
to the MCFZ; these include the Hennessy Fault, Hanging Wall Shear Fault, C-Shear Fault,
Meadow Creek Hanging Wall Fault, and Meadow Creek Footwall Fault.

10

Plasticity of soil is the property by which it undergoes deformation without cracking or fracturing. In general, soils
with low plasticity are more geotechnically stable than soils with high plasticity.
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West End Pit Area
The predominant structural feature is the WEFZ, which generally is striking at azimuth 30 degrees
and dipping 50 to 75 degrees southeast, and includes the Hanging Wall, Middle, and Footwall
faults. Relative offsets in the metasediments here suggest right-lateral displacement and normal
displacement. Several subsidiary structures extend southeast from the WEFZ, striking 60 to
90 degrees with near vertical dips. In the West End pit area, metasediment bedding primarily
dips northeasterly at 60 to 85 degrees.

Hangar Flats Pit Area
The predominant structural feature is the MCFZ, which generally is north-striking and steeply
dipping (nearly vertical). Associated with the zone are northeast or east-trending, nearly vertical
conjugate structures. Splays of the MCFZ are common and trend northeast, with shallow dips to
the northwest. The MCFZ is a broad structural zone, marked by intense shearing, characterized
by fault breccia and gouge.

3.2.3.8.1.3

Hydrogeological Data

Hydrogeology refers to the distribution and movement of groundwater. Groundwater occurs in
void spaces (i.e., pore spaces) in soil and sediment and in openings (e.g., faults, joints) in
bedrock. Characterization of the hydrogeology is important to determine both whether these
resources would be affected by a project and whether the hydrogeology of the area could affect
proposed infrastructure. This information is important for planning aspects such as pit
excavation, design, and for water management and treatment practices. Several methods are
used in hydrogeologic investigations such as installation of monitoring wells or piezometers 11 to
determine groundwater levels, and pumping tests or slug tests of the wells to help determine
hydraulic conductivity. Hydraulic conductivity is the ability of earth materials to allow water to
move through saturated pore spaces or fractures in subsurface material. In addition, seeps (also
called springs) indicate the presence of groundwater. Seeps can emerge in hillside areas where
the natural topography intersects the water table – allowing the groundwater to flow out the side
of the hill. Seeps also can occur where an excavated slope (such as a road cut or pit
excavation) were to intersect the water table. Seeps along a hillside or pit wall can indicate
saturated conditions in the soil, sediment or rock and could indicate potential areas of mass
wasting. Section 3.8, Surface Water and Groundwater Quantity, provides more information
about movement and volume of water and water management at the mine site, including
modeling to support characterization of existing conditions.
As part of the geotechnical and hydrological investigation program conducted for the SGP, the
hydrogeologic evaluation in the pit areas (SRK 2013) included installation of vibrating-wire
piezometers within the rock mass in seven of the 13 boreholes (four boreholes in the Yellow
Pine pit area, two in the West End pit area, and one in the Hangar Flats pit area) and injection
packer tests in 10 of the boreholes (five boreholes in the Yellow Pine pit area, two in the West
11

A piezometer is a device placed in a borehole to measure the underground pressure of groundwater – effectively
measuring the level to which the groundwater would rise without a confining (e.g., clay, silt) layer.
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End pit area, and three in the Hangar Flats pit area). Groundwater levels in overburden are
typically less than 100 feet below ground surface (Brown and Caldwell 2017).
Hydraulic conductivity values are in the typical low to mid-range for bedrock, ranging from less
than 0.0003 to 0.57 feet/day. Lower hydraulic conductivity values are more common with depth,
thus supporting the typical trend of decreasing hydraulic conductivity with increasing depth for
all pit areas.

3.2.3.8.1.4

Pit Slope Design

Several studies were performed to evaluate pit slope design (STRATA 2014b). As part of these
studies, detailed scanline mapping (i.e., mapping structures as they intersect a line) and outcrop
structure mapping (i.e., mapping of underlying rock using surface outcrops) were conducted at a
total of 16 accessible rock outcrops in the pit areas (at 10 scanline and 6 structure mapping
sites). Fracture orientation and characteristics were measured in oriented core boreholes. The
STRATA (2014b) study found that the rock at all three pits consisted predominately of quartz
monzonite and quartzite. These rock types are typically very competent. Defect intensity
describes how easily the core breaks by gently hitting with a hammer. The defect intensity for all
the pits ranged from minor to moderate.
Rock engineers widely use the unconfined compressive strength of rocks in designing surface
and underground structures. Concrete has an unconfined compressive strength of
approximately 14 to 42 megapascals. Rock at the mine site had a compressive strength that
ranged from 11.2 to 123.1 megapascals (1,624 pounds per square inch to 17,854 pounds per
square inch). This wide range of compressive strength reflects the various rock types and
alteration present in the area.

3.2.3.8.2

T AILINGS STORAGE F ACILITY

Thirty-five boreholes were drilled at the TSF during multiple investigations. Twelve boreholes
were drilled and completed as standpipe piezometers (Tierra Group 2018, Figure 1.1 and
Figure 2.1 depict the SRK 2013, 2017, and 2018 borehole locations for the TSF). The depth to
bedrock along the center of the valley ranged from 20 (drilled to refusal, borehole UMC-17-26,
Tierra Group 2018) to 97 feet below ground surface (borehole TG-17-13, Tierra Group 2018)
and is shallower to the southwest. The spent ore and tailings were up to 100 feet thick at the
SODA. The soils generally consist of alluvial and colluvial sands and gravel with some glacial till
also observed.
Depths to groundwater ranged from 0 up to 34 feet below ground surface at the TSF. One slug
test was performed with hydraulic conductivity reflective of coarse-grained sand and gravel
(SRK 2012).
Laboratory testing on samples taken from the TSF area included moisture content and density,
grain size distribution, Atterberg limits, triaxial shear, direct shear, modified Proctor, and relative
density. A full description of these geotechnical investigations, stratigraphy, and laboratory
testing is provided in the Geotechnical Investigations Summary Report (Tierra Group 2018).
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To date there is no available geotechnical information for the Alternative 3 TSF location in the
EFSFSR drainage (See Chapter 2, Alternatives).

3.2.3.8.3
3.2.3.8.3.1

D EVELOPMENT R OCK S TORAGE F ACILITIES
Hangar Flats DRSF

Sixty-seven boreholes were drilled at the Hangar Flats DRSF site during multiple investigations,
with 42 of these boreholes specific to the SODA. Four standpipe piezometers were installed.
Native soils generally consist of alluvial and colluvial sands and gravel. Bedrock was
encountered at depths ranging from 90 to 180 feet below ground surface. Up to 75 feet of spent
ore, and 55 feet of Bradley tailings were encountered,
Depths to groundwater ranged from 5 to 88 feet below ground surface. Two slug tests were
performed with hydraulic conductivities reflective of silty sand, sand, and gravel (SRK 2012).
Laboratory testing on samples collected from the Hangar Flats DRSF area includes moisture
content and density, grain size distribution, Atterberg limits, triaxial shear, direct shear, standard
Proctor compaction text, and relative density. A full description of these geotechnical
investigations, stratigraphy, and laboratory testing and results is provided in the Geotechnical
Investigations Summary Report (Tierra Group 2018).

3.2.3.8.4

F IDDLE DRSF

Five boreholes were drilled at the Fiddle DRSF site during multiple investigations (Tierra Group
2018). No standpipe piezometers were installed. The native soils consist of alluvial and colluvial
sands and gravel over bedrock. Bedrock depths range from 25 to 65 feet below ground surface.
Depths to groundwater varied from 15 to 17 feet below ground surface. Slug testing was not
performed.
No laboratory testing was performed on samples collected from the Fiddle DRSF area. This
may be because the materials were too coarse-grained to result in meaningful laboratory tests
(although this is not stated in the referenced report). A full description of the geotechnical
investigations, stratigraphy, and laboratory testing is provided in the Geotechnical Investigations
Summary Report (Tierra Group 2018).

3.2.3.8.4.1

West End DRSF

Three borings were drilled at the proposed West End DRSF and pit footprint area to
characterize the rock mass (Tierra Group 2018). The West End pit geotechnical information is
applicable to this area.

3.2.3.8.4.2

Yellow Pine DRSF

The Yellow Pine DRFS is wholly within the Yellow Pine pit and would be underlain by bedrock.
Yellow Pine DRSF would be a pit backfill, within the Yellow Pine pit long after overburden is
removed from the area. Overburden geotechnical investigations reported below are therefore
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irrelevant to the DRSF (which would be constructed on rock pit walls, and constructed from
development rock originating primarily from West End pit), but may inform analysis of the
materials’ performance once moved and used at other destinations (Fiddle DRSF, TSF
embankment, Hangar Flats DRSF, roads), Yellow Pine pit walls, and tunnel and tunnel portal
areas. Fifteen boreholes were completed at the Yellow Pine DRSF during multiple
investigations, including five boreholes to classify the rock mass (no overburden geotechnical
data was collected for these five boreholes). Ten standpipe and one vibrating wire piezometers
were installed. Native soils consist of alluvial and colluvial sands and gravel. Bedrock was
encountered at depths ranging from 47 to over 180 feet below ground surface.
Depths to groundwater ranged from 15 to 100 feet below ground surface. Six slug tests were
performed.
Grain size distribution and Atterberg limits tests were performed on samples taken from the
Yellow Pine DRSF area.
A full description of these geotechnical investigations, stratigraphy, and laboratory testing is
provided in the Geotechnical Investigations Summary Report (Tierra Group 2018).

3.2.3.8.5

EFSFSR T UNNEL

Eleven boreholes, ranging in length from 56 to 695 feet, were drilled along the EFSFSR tunnel
alignment during multiple investigations, and additional overburden and bedrock boreholes were
drilled nearby for Yellow Pine pit exploration and geotechnical investigations to aid interpretation
of subsurface conditions. Overburden near the tunnel portals consists of legacy development
rock and native glacial till ranging in grain size from silt through boulders. Depth to groundwater
in overburden near the portals ranged from 24 to 55 feet, and depth to bedrock was 55 to
136 feet. All holes were advanced into bedrock except one auger hole that terminated at
bedrock. Core drilling along and near the tunnel alignment intersected schist and intrusive
(dioritic to granitic) bedrock, and inclined holes crosscut the Hennessy Shear Zone and MCFZ
along the tunnel alignment. Bedrock along the tunnel alignment is generally unaltered to weakly
altered and weakly mineralized. Hennessy Shear Zone and MCFZ feature fractured intrusive
rock, with zones of gouge and breccia. Hydraulic packer testing was conducted in fractured rock
of the Hennessy Shear Zone. Four seismic refraction geophysics lines were completed at the
portals to define the bedrock profile.
A full description of these geotechnical investigations, stratigraphy, rock mass characterization,
and geophysics is provided in the Geotechnical Investigations Summary Report (Tierra Group
2018) and EFSFSR Tunnel Design Documentation Report (McMillen Jacobs 2018).

3.2.3.8.6

O RE P ROCESSING F ACILITY AND S COUT E XPLORATION D ECLINE

Twenty-four geotechnical boreholes and groundwater monitoring wells were completed at the
area of the ore processing facility and proposed Scout exploration decline during multiple
investigations. Two standpipe piezometers were installed and several monitoring wells were
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completed, although several were dry. Native soils consist of alluvial and colluvial sands and
gravel. Bedrock was encountered at depths ranging from 5 to 97 feet below ground surface.
Depth to groundwater ranged from 8 to 48 feet below ground surface. No slug tests were
performed.
Laboratory testing on samples taken from the Ore Processing Facility area included moisture
content and density, grain size distribution, Atterberg limits, and modified Proctor. A full
description of these geotechnical investigations, stratigraphy, and laboratory testing is provided
in the Geotechnical Investigations Summary Report (Tierra Group 2018).

3.2.3.8.7

W ORKER H OUSING F ACILITY A REA

Seven boreholes were completed at the Worker Housing Facility area during multiple
investigations. No standpipe piezometers were installed. Native soils consist of alluvial and
colluvial sands and gravel. Bedrock was encountered at depths ranging from 23 to 39 below
ground surface (MGI-15-MC2 and MGI-15-MC3, respectively), but four boreholes were not
advanced to bedrock.
Depth to groundwater ranged from 2 to 34 feet below ground surface. Slug tests were not
performed.
Laboratory testing on samples taken from the Worker Housing Facility area included moisture
content and density, grain size distribution, Atterberg limits, and modified Proctor. A full
description of these geotechnical investigations, stratigraphy, and laboratory testing is provided
by Tierra Group (2018).

3.2.3.9

Recent Tailings Dam Failures

Recent tailings dam failures at the Mount Polley Mine in 2014 and Fundão in 2015 have led to
investigations on the reason for failure and recommendations for changes to management of
tailings dams and regulatory standards and codes for tailings dams. A brief synopsis of these
dam failures, and some of the recommended changes to tailings management and regulation
that may occur, are provided in Appendix E-3.
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