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ABSTRACT

An open pit gold mine is proposed for the abandoned
Altman town site near Victor, Colorado. A study was conducted
to evaluate the geological factors controlling rock slope
stability in the area of the proposed pit, and to make design
recommendations for the pit slopes.

Factors influencing the stability of the proposed mine
slopes include the orientation and frequency of discontinu-
ities within the rock mass, strength of the rock mass,
groundwater hydrology, proposed excavation methods, the
geometry of the proposed pit, and the extent of previous
underground mining in the area. These factors were evaluéted
by: 1) reviewing existing literature and available mine maps,
2) measuring discontinuity types, attitudes, persistence, and
spacings, 3) point load testing core samples and direct shear
testing rock discontinuity samples to use in estimating rock
mass strength parameters for stability analysis, 4) statisti-
cally analyzing fracture frequency in core holes, and 5)
reviewing hydrologic data gathered during drilling investi-
gations.

Discontinuity orientation data were plotted on lower
hemisphere stereographic projections to estimate modal
attitudes of discontinuity groups. The study area was divided

into three structural domains each characterized by the
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presence of a subset of the twelve discontinuity groups
identified at the site. Kinematic and limiting equilibrium
analyses were performed to identify potential failure geome-
tries and assess the stability of various pit slope designs.

Based on the analysis performed it was recommended that
overall slope angles for the north sloping pit walls should
not exceed 55° except in the southeastern portion of the pit
where a 45° overall angle is recomménded. South, east, and
west dipping overall pit slope angles should not exceed 60°.
Two highly convex ("nose") areas of pit wall are proposed for
the pit, 45° overall slope angles are recommended for these
areas.

Initiation of operations at the site in September, 1989,
has allowed the recommendations made by this study to be
evaluated. Additional data collected and analyses made up to
Febuary, 1989, did not warrant any significant changes in

recommendations.
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NTRODUCTIO

The Gold Star Mine is an open pit gold mine proposed by
Texasgulf Minerals and Metals, Inc. The mine will be located
at the abandoned Altman townsite near Victor, Teller County,
Colorado (Figure 1.1). Texasgulf has evaluated the quality
and extent of ore deposits in the area and has estimated the
ultimate pit boundaries. This report summarizes data collec-
tion and analysis completed to design pit slopes for the
proposed mine. The results presented in this report are based
on an analysis of a limited amount of data collected at the
site during the summer of 1988, prior to the initiation of
mining. The pit slope design recommendations presented herein
are preliminary in nature, and were used for mine planning
purposes. This design may need to be modified as additional
data is acquired during actual mining. During the preparation
of this report, mining commenced at the Gold Star pit. This
has provided the opportunity to evaluate the preliminary

recommendations provided prior to mining.

1.1 Purpose and Scope

The objectives of this investigation were to evaluate the
geological engineering factors controlling the stability of
the proposed Gold Star open pit mine slopes and to provide

design recommendations for mine pit slope angles and benches.
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In order to accomplish these objectives the following scope
of work was completed:

1. Information concerning the geology of the mine site
available in the literature along with geologic data
collected by iexasgulf was reviewed.

2. Impacts of any previous mining in the area were
analyzed by reviewing available maps of underground
mines in the area and data collected by Texasgulf
during drilling investigations.

3. Detailed structural geology data was collected and
stereographically analyzed to assess the nature,
orientation, and frequency of discontinuities within
the rock mass.

4. Borehole core data obtained from the site was
statistically analyzed to further characterize the
rock mass.

5. Strength of intact rock and strength parallel to
rock discontiﬁﬁities were estimated by collecting
and testing of a limited number of samples from the
site. |

6. Groundwater hydrology of the mining area was
evaluated from exploratory drilling data and field

observations.
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7. Data collected to develop pit slope angles and
benching scheme recommendations were analyzed with
respect to the proposed geometry of the pit planned
and excavation methods.

8. Anticipated pit slope conditions were compared to
the actual conditions encountered during mining of

the upper portions of the pit.

1.2 Backaround

The proposed Gold Star open pit mine is located in the
northeastern part of the Cripple Creek Mining District (Figure
1.1). Past gold mining activity in the area focused on high
grade vein deposits. Future mining in the district depends
upon the economic feasibility of gold extraction from dissemi-
nated bulk tonnage deposits, which have not been mined
extensively until recently.

Texasgulf Minerals and Metals, Inc. began mining bulk
tonnage deposits using open pit and leaching methods in 1987
with the initiation of mining in the area of the Portland
Mine. The evaluation of pit slope angles and bench design
was an integral part in the overall design of the mine. Rock
mass characteristics observed upon mining were similar to
those predicted by a study similar in scope to the one

performed herein, indicating the value of such analyses.
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Texasgulf has since proposed a similar operation for the
old Altman town site, approximately one mile north of the
Portland site. Preliminary work conducted by Texasgulf
included extensive rotary assay drilling, core drilling,
geologic mapping, and limited estimation of the extent of

underground workings.

1.3 Pit Slope Design Technigque and Methods

Geological engineering investigations are generally
performed in phases with each phase providing sufficient
information to fulfill design requirements for that respective
stage of the project. The Gold Star Mine project initially
required an evaluation of rock mass conditions in the proposed
mining area. The rock mass properties were needed to design
pit slope angles and benching schemes. This pit slope design
allows an estimate to be made of the volume of rock that has
to be mined from the site to recover ore and is, therefore,
fundamental to the economic viability of a surface mining
project.

Generally, a rock mass consists of intact (unbroken)
rock, and discontinuities. The term "discontinuities" is used
to describe any break in the rock mass having zero or very low
tensile strength, such as fractures, faults, joints, weak

bedding, or weak schistosity. The mechanical behavior of the
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rock mass depends largely on the structure, strength, and
nature of the discontinuities. It is essential to carefully
describe both the type of rock and the structure and nature
of discontinuities in a rock mass. The spacing, persistence
and number of discontinuity sets determines the rock mass
block size, an important indicator of rock mass behavior and
response to blasting (ISRM, 1978). Behavior is also influ-
enced by the amount and strength of intact rock separating
discontinuities, and by the presence of water. Water serves
as an uplifting force that reduces the effective stress acting
on the discontinuity plane and, resultantly, the shear
strength of the rock mass. The data needed to quantify the
behavior of a rock mass are then:

1. The orientation, nature, and number of discon-

tinuities and discontinuity trends present in the

rock mass,
2. The shear strength of the discontinuities,
3. The shear stféngth of the intact rock separating

discontinuities, and
4. The water level and its variation in the rock mass.
The evaluation of the rock mass and design of the Gold
Star open pit mine will take place in two phases. The first
phase has consisted of examining available geological infor-

mation, examining core recovered from the site, testing rock
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samples obtained from the site, and conducting a preliminary
objective discontinuity survey. Analysis of these data allow
an initial pit slope design and mine plan to be made. The
second phase consists of detailed examinations of the geologi-
cal conditions as they are revealed by mining. Modifications
to the initial design are made as conditions warrant. This
report details the first phase of rock mass evaluation and pit
design.

The work completed in this study utilized a variety of
accepted field, laboratory, and analytical methods. Phase one
data concerning the nature and orientation of discontinuities
at the site were collected in the field in July of 1988.
Hydrological observations and general observations concerning
physiography, extent of previous mining, and other surface
characteristics were also made at that time. Originally the
scanline surveying methods recommended by the Commission on
Standardization of Laboratory and Field Tests, International
Society for Rock Mechanics (1978), and Brady and Brown (1985)
were planned to be utilized for the acquisition of discon-
tinuity data. However, due to the general lack of outcrops
available at the site for such measurements, this data
acquisition technique <could not be strictly followed.
Underground mines and stopes open to the surface offered good

positions for scanline surveys but entrance to these areas was
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not feasible due to safety considerations. Data concerning
discontinuity orientation were collected in four metallurgical
test pits blasted and excavated at the site. While the test
pits offered good three dimensional rock exposures, they were
small in size and no reliable data concerning discontinuity
trace length or spacing could be obtained.

Natural fracture and intact rock samples were obtained
for lab analysis in August of 1988. Samples were tested in
the Colorado School of Mines Rock Mechanics Laboratory to
estimate fracture shear strength properties. These tests were
performed according to standardized methods (ASTM, 1986).
Samples of intact rock core were tested by point load methods
(Goodman, 1980) and triaxial properties were estimated
according to a method described by Brook (1979).

Rock mass properties including Rock Quality Designation
(RQD), Volumetric Joint Count (J,), and block size were
estimated from direct core measurements and through the
statistical analysis of fracture frequency data available on
core logs by methods described by Deere (1969), Priest and
Hudson (1976), and ISRM (1978).

Two general methods of analysis were employed in this
study to analyze the stability of a slope design, these are
the kinematic, and 1limiting equilibrium methods. In a

kinematic analysis discontinuity orientations are analyzed



ER-3717 9

stereographically in relation to proposed slope orientations
in order to outline potential failure geometries (Hoek and
Bray, 1981). The effects of rock mass strength (other than
the rock-on-rock friction angle), and hydrology are ignored
in this method. The method serves to identify potential
failure geometries for further analysis. The 1limiting
equilibrium analysis is an analytical approach used to predict
potential stability of a failure geometry identified in a
kinematic analysis. Many important physical properties of the
rock mass can be considered in this analysis.

Manual and computer aided versions of kinematic and
limiting equilibrium analyses were utilized to develop pit
slope angles based on discontinuity data. Kinematic analyses
followed methods described by Hoek and Bray (1981) and
performed manually and with the aid of the computer programs
SCHMOD (Call and others, 1970) and RSLOPE (Leung and Khoek,
1987). Limiting equilibrium analyses followed methods
described by Hoek and ﬁréy (1981) modified where applicable
by Abel (1987). Analyses were performed manually and with the
aid of the computer program PLANESHR (Abel, 1981).

Favorable failure geometries form due to the intersection
of the discontinuities with other discontinuities and with the
proposed pit slopes. The failure geometries considered in

this study fall into three categories: 1) plane failure, 2)
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wedge failure, and 3) toppling failure. The geometries are
shown in Figure 1.2. Simplified, the conditions favoring a
plane failure are:

1. large, persistent discontinuities become exposed,
or daylighted, in a slope of a pit wall with similar
strike (20°),

2. lateral confinement is lacking or lateral release
structures exist, and

3. the dip of the discontinuity exceeds the effective
friction angle of the discontinuity surface.

The simplified conditions of wedge failure are:

1. the line of intersection of two discontinuities is
nearly perpendicular to and daylighted in the face
of the pit slope,

2. the plunge of the line of intersection exceeds the
effective friction angle of the two planes, and

3. the angle between the two planes (dihedral angle)
is in the ranéé of approximately 90° to 130°.

A toppling failure can occur if the pole of a discontinuity
or discontinuity trend has a plunge that is less than the dip
of the slope minus the rock-on-rock friction angle of the
discontinuity. These simplified conditions can be identified
through a kinematic analysis through stereographic projection.

Example stereographic projections for each type of failure
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Plane Failure

Great circle
representing
s o GRS slope face
[ —=—1 d .
ol I 1 . ;
Er Direction

of sliding

Great circle rep.
pilane of modal
pole concentration

representing
slope face

Direction
of sliding

Great circles rep.
planes of modal
pole concentrations

Great circle rep.
rock—-on-rock
friction angle

Great circle
representing
slope face

Great circle rep.
plane of modal
pole concentration

Figure 1.2. Structurally controlled rock slope failure
modes and representative lower hemisphere stereographic
projections considered in the stability analysis of the
Gold Star pit.
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geometry are shown in Figure 1.2. These situations can be
avoided if the dip of the pit wall is less than the dip of the
discontinuity, in the case of a plane failure, or the plunge
of the iine of intersection, 1in the case of a wedge failure.
However, to avoid daylighting any of these structures many
times leads to the design of low angle pit slopes that are
uneconomic. Analysis of potential failure geometries that are
daylighted can proceed by the method of limit equilibrium
described by Hoek and Bray (1981) and Abel (1983).

The method of limiting equilibrium is an analytical tech-
nique where the forces driving failure and the forces resis-
ting failure are calculated and compared. The force driving
a slope failure consists of the component of weight of the
failure block in the direction of potential sliding. Forces
resisting failure are the result of the frictional and
cohesive properties of the rock mass (intact and broken) along
a given failure surfacgi The presence of water in a slope
provides an uplift force which reduces the frictional com-
ponent resisting failure. The stability of a given potential

failure block is expressed as a factor of safety (F.S.) where:

F.S. = Forces Resisting Failure

Forces Driving Failure
For the two dimensional plane failure geometry shown in Figure

1.3 the factor of safety equation can be expressed mathemati-
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Potential Failure Block of Weight W
...... Veeerrreod oo DRIVING FORCE

"Daylighted*”
Discontinuity
Plane
Resisting Force

... (Wsing)

Possible Intact
Rock Bridges
Resisting Force = Ri

RESISTING FORCE
(Ri + Rr)

Hydraulic Uplift Force
= U

Figure 1.3. Two-dimensional diagram of a plane failure
showing forces used in a limiting equilibrium analysis.
Driving force is the component of weight (W) directed down
the dip of the failure plane. Resisting force is the sum
of the intact rock (i) and broken rock (r) friction and
cohesion, negating the effects of hydraulic uplift (U).
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cally (Abel, 1983) as:

F.S. = {[ (Wcos8 - U)tana%] + CrS}Pb
+ WcosB - U agl + giglgi
Wsiné (1.1)
where:
6 = the dip of the potential failure plane
S = the length of the potential failure surface
W = the weight (per foot of slope) of the
potential failure block
U = the hydraulic uplift force acting on the

potential failure surface (per foot of slope)

o, = the effective friction angle of rock-on-rock

C, = the rock-on-rock cohesion

o; = the internal friction angle for intact rock

C, = the intact rock cohesion

P, = the proportion of broken rock along a failure
surface

P, = the proportion of intact rock along a failure
surface

The effective friction angle used in equation 1.1 is the sum
of the base friction angle and the angle of surface roughness
(i). Methods of estimating the percentage of intact rock
present along a failure surface involve the use of persistence
data (Call, 1972). Data concerning roughness and persistence
could not be measured. in sufficient quantity to develop
parameters adequate for design. As a result, the conservative
assumptions of no intact rock and no surface roughness were
assumed. However, sensitivity to these parameters was
analyzed.

The factor of safety for the wedge failure geometry can

be described mathematically in a similar manner to that of a
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plane failure; however, if the conservative assumption is made
that no intact rock and no rock-on-rock cohesion exist the
factor of safety can be expressed using rock-on-rock friction

only. The resulting equation is:

F.S. = Atane, + Btano (1.2)
where:

A and B = dimensionless factors that depend on the
dips and dip directions of the two planes
where "A" is the flatter plane

©, and o, = the effective rock-on-rock friction
angles for planes A and B respectively

Factors A and B are obtained graphically from charts compiled
by Hoek and Bray (1981, pp. 211-218).

The results of the kinematic and limiting equilibrium
analyses were incorporated into a pit design following the
methods outlined by Hoek and Bray (1981). Generally the pit
slopes were designed at overall angles that avoided day-

lighting structures having a factor of safety of less than

one.
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.0 SITE CONDITION

2.1 Location and Physiography

The proposed Gold Star Open Pit Mine will be located
approximately 2 miles due north of the town of Victor in
south-central Teller County, Colorado (NW 1/4 NE 1/4 Sec. 20,
T 15 SR 69 W). The site lies in the northeast portion of the
Cripple Creek intrusive complex. The complex consists of a
group of hills which range from 9,500 to 10,800 ft in eleva-
tion. The Gold Star Mine will be located at an elevation of
10,500 to 10,650 feet on an eastern shoulder of Bull Hill, the
highest point in the district at 10,808 feet (Fi@ure 2.1).
The area was the site of the town of Altman, which was
abandoned in the early 1900's. The townsite now consists of

a few vacant buildings and abandoned mine head frames.

2.2 Geology

The Cripple Creek Mining District is located within a
nested diatreme—intrusi#é'complex of late Oligocene to Miocene
age (27.9 to 29.3 m.y.a.) (Dwelley, Thompson, and Trippel,
1985). Rocks in the district were formed from flows, intru-
sions, and brecciation of phonolitic and alkali basaltic
magmas. Mixing of the two magmas also formed rocks of
intermediate composition, primarily latite-phonolite and

seyenite. Latite-phonolite rocks commonly form dikes and
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Figure 2.1. Proposed Gold Star Mine location showing topo-
graphy, general geology, and district coordinates (adapted
from Koschmann and Loghlin, 1935, Lindgren and Ransome,
1906).
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large sheet-like and knob-1like bodies, mainly in the eastern
part of the district. The resistant nature of the latite-
phonolite has protected high areas such as Bull Hill and Bull
Cliff from erosion. Intrusion and explosive eruption occurred
in numerous centers, or subcraters (Figure 1.1), within the
complex and a composite volcano formed on the gently undula-
ting terrain which consisted mostly of granite.

Veins and dikes cut both Precambrian and Tertiary rocks
of the diatreme complex. Generally, five stages of minerali-
zation are recognized. Bulk tonnage deposits consist of
mineralized tectonic and hydrothermal breccias. Wall rock
alteration is associated with vein-related hydrothermal
alteration and can extend to five times the vein width
(Dwelley, Thompson, and Trippel, 1985). Veins exhibit
remarkable vertical continuity and have been mined to depths
of greater than 3000 feet in the district. As a result,
extensive underground openings are present throughout the
region. Disseminated bulk tonnage deposits are generally of
lower grade assay and have not been mined extensively until
recently.

Geologic structure in the Cripple Creek district is
generally considered to have been formed by intermittent
regional compression with shearing in a northerly direction

(Koschmann and Loughlin, 1935). Compression formed a system
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of master fissures that directed intrusion, and eruption
(Figure 2.2). These basement structural features played an
important role in further structural development and the
placement of vein and dike systems. In the northeastern part
of the district, pre-existing structural systems directed
stress to the northeast and created persistent structures
oriented in that direction (Loughlin and Koschmann, 1935).
Periods of vertical uplift and subsidence produced faults of
considerable size in the surrounding land, but only a few
relatively small faults exist within the intrusive complex.
The general geology of the Gold Star Mine site is shown
in Figure 2.1. Rocks at the site consist primarily of what
is termed latite-phonolite porphyry by previous workers,
however, most rock exhibits trachytic character, and is herein
termed trachyte porphyry. Commonly the rock consists of light
gray to dark or purplish gray, fine grained groundmass con-
taining white, gray, or colorless tabular crystals of ortho-
clase or sanidine feldspéf with some small vugs. The trachyte
porphyry is surrounded by, and partly underlain by, brecciated
latite-phonolite rock. Basaltic and trachydoleritic dikes
are also present. Most notable of these are the Isabella
Dike, the Pinto Dike, the Burns Dike and the Harrington Dike.
A large vein, the Pharmacist Vein, transects the area from

southwest to northeast. The orientations of veins and dikes
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a . .
——— Prevolcanic fissure zones

#

0 1/2 1 mile N

— 1

b
==="Pre-phonolite fissures

/Gold Star Mine Site

Figure 2.2. Principal fissure zones that controlled
development of the Cripple Creek crater (from Loughlin and
Koschmann, 1935).
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within or close to the mine site are shown in Table 2.1.

Table 2.1. Orientations of major dikes and veins within or
near the Gold Star Mine site (from Lindgren and

Ransome)

Structure Orientation
Pharmacist Vein N 50 - 60 E, 60 NW
Isabella Dike ENE, near vertical
Pinto Dike 25 W, near vertical

Burns Dike 35 W, NE near vertical

Harrington Dike (Vein) 10 W, NE near vertical
Empire No. 2 Vein 78 E, NW near vertical
Zenobia Vein 20 - O E, 60 - 80 NW

Wilson Vein 35 E, NW near vertical

Z2 2 =2 =z =2 2 =

Buena Vista Vein 40 W, 60 SwW

2.3 Proposed Mining Methods

Methods of excavation and the geometry of the proposed
pit are the two man-controlled factors that must be considered
when evaluating site conditions. Response of the rock can be
very different for different excavation techniques. The
geometry of the proposed pit, including the height, trend and
slope of the proposed pit walls, will partially determine the

geometry of potential failures.
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3.1 it Geometr

The preliminary surficial outline of the pit was devel-
oped by Texasgulf through geostatistical evaluations of assay
data obtained from drilling investigations. The proposed pit
outline and pit bottom elevations are shown along with the
existing topography in Figure 2.3. Based on the plan, the
maximum depth of the mine will be approximately 200 feet.
Safety benches 13 to 23 feet wide wili be placed at intervals
of 40 vertical feet in the pit slopes. The general pit
geometry corresponds with the trends of the major vein
orientations in the area. Since many of these veins have been
previously mined, abandoned wunderground openings c¢an be
expected to be encountered in the pit walls and floors. The
irregular nature of the pit shape also creates "noses", where
the convex nature of the slope and lack of lateral confinement

can contribute to instability.

2.3.2 Blasting and_ Excavation Methods

Texasgulf plans on mining the pit in approximately 20-
foot lifts. Boreholes will be drilled approximately 23 to 25
feet deep on 13 to 14 foot spacings in a rectangular pattern.
Gravity loaded ANFO will be used as the blasting agent.

Blasting can destroy intact rock bridges between discon-

tinuities in the pit walls. If discontinuities are very
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persistent, all intact rock bridges may be destroyed. This
reduces the shear strength along the discontinuity and
contributes to instability of benches. Due to the effects of
blasting, no intact rock was assumed to exist along discon-

tinuities when analyzing the stability of benches in the pit.

2.3 Previous Mining

Veihs and mineralized dikes within the proposed mining
area, most notably the Pharmacist Vein, have been mined
extensively and many stopes are open to the surface. Some of
these stopes were mined continuously for hundreds of vertical
feet, but are generally narrow in width. Mines that created
openings that lie within the limits of the proposed mine
include the Pharmacist, Pinto, North Burns, Harrington, and
Free Coinage Mines. Additional mine openings exist beneath
the proposed pit bottom elevation of 10,400 feet but were not
considered in this study. Maps of the abandoned underground
mines were compiled fof the area by Texasgulf. Koschmann
(1965) and Ransome (1906) also compiled maps of the area.
Composite mine maps for 100-foot vertical intervals from
elevations of 10,350 to 10,650 ft are shown with the proposed
surface mine outline in Figures 2.4 to 2.7. Mine workings
follow the mineralized veins and dikes of the area and give

a good indication of the large scale structures existing in
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the area. Numerous boreholes were drilled for assay
purposes by Texasgulf. Several of these boreholes encountered
voids associated with abandoned underground workings. The
void intervals encountered in these holes are also shown in
Figures 2.4 to 2.7. Many voids correspond with mapped
subsurface workings while others do not, indicating the
incompleteness of the mine maps.

The proposed pit will intersect many of the void areas
shown in Figures 2.4 to 2.7. Few openings greater than 15
feet were encountered during drilling investigations and no
large openings are shown on mine maps. It is possible,
however, that large stopes and other underground workings are
present within the limits of the proposed mine and were not

properly shown on mine maps or encountered by drilling.
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3.0 DATA COLLECTION AND DEVELOPMENT OF DESIGN PARAMETERS

The stability of open pit mine slopes depends upon the
mechanical behavior of the rock mass, the presence of ground-
water, the geometry of the mine, and excavation methods. The
design parameters used in a stability analysis are quantifica-
tions of these factors. Parameters associated with proposed
pit geometry and excavation methods have been discussed as
part of site conditions. Evaluation of rock mass behavior and
hydrology were evaluated through observations made of outcrops
and drill core obtained from the site, and is discussed in the

following paragraphs.

3.1 Rock Mass Strength

Rock mass strength is the strength of a volume of rock
that includes both intact (unbroken) rock and discontinuities.
It is a scale dependent property which generally decreases
with the volume of material tested (up to certain limits) due
to the increasing number'bf discontinuities included in larger

samples.

3. ntac o

The average intact rock strength at the mine site was
estimated through point load tests on core from two explor-
ation holes (ASC 86-3 and ASC 86-4). The point load test

results can be used to estimate unconfined compressive
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strength of rock samples. This method utilizes a correlation
between the compressive strength and a splitting load imposed
on a rock sample placed between two spherical platens. For
this project point load tests were performed in a Broch and
Franklin type apparatus. Core was inserted in the apparatus,
the distance, D, between the loading platens measured, and
the core split by hydraulically applying a point load, P. The
point load strength, I_, is found from the following equation
(Goodman, 1980):
1, = P/D? (3.1)
The unconfined compressive strength (q,) is calculated from
the following empirical equation:

q, = 241, (3.2)

where I is the point load strength corrected to a core

8(50)
diameter of 50 mm.

Twelve tests were completed on core from hole ASC 86-3,
and 13 tests were completed on core from ASC 86-4. The
results of these tests ére shown in Figure 3.1. The average
compressive strength estimated for all samples tested was
approximately 33,000 psi. Based on the classification presen-
ted by Hoek and Bray (1981), the average compressive strength
indicated "very strong rock". It should be noted that values

less than 8,000 psi (very weak to moderately weak rock) were

obtained for three samples in core from ASC 86-4. These tests
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BOREHOLE ASC 86-3 ORIENTATION -45°S05W ELEVATION 10,613
LOCATION N57887 E43477
DEPTH (FT) DESCRIPTION COMPRESSIVE STRENGTH (PS)
, tabular feldspar

37 ;rhaecnhgéreygg.p ts‘?ghl;awe:thered P 30,800

45 Same, unweathered 35,100

55 Same 33,600

65 Same, near Pharmacist Vein 38,400

75 Same, slightly weathered 36,200

85 Same, unweathered 43,000

95 - Same 38,200

100 Same 34,100

110 Same 50,000

120 Same 47,000

130 Same 42,400

150 Same 61,400

[BoREHOLE ASC 86-4

ORIENTATION —45°NOOE ELEVATION 10,625

LOCATION N57622 E43405

DEPTH (FT) DESCRIPTION COMPRESSIVE STRENGTH ( PSb|
Trachyte porphyry, sanidine

75 phengcry‘;tsf) n):o{!erately weathered 44,600

85 Same, slightly weathered 25,500

95 Same 42,900

120 Same, moderately weathered 28,400

130 Same, slightly weathered 29,000

140 Same 6800

150 | wosthered 7600

155 Same 3000

160 Same 12,500

167 Same, moderately weathered 22,100

175 Trachyte porphyry, unweathered 19,600
250 Same 44,000

270 Same 41,700

Figure 3.1. Uniaxial compressive strength calculated from

point load tests of core segments from core holes ASC 86-3
and ASC 86-4




ER-3717 33

were obtained on rock from a highly altered trachybasalt dike
(Burns Dike). The location of this and similar zones are
probably coincident with the orientations of the major
structures in the area which directed hydrothermal alteration
(Koschmann and Loughlin, 1935), and should be noted. There-
fore, mapping structure may also indicate the orientation of
these zones of weakness.

Estimation of the triaxial properties of intact rock were
completed from the unconfined compressive strength data by the
empirical method recommended by Brook (1979). The method
involves estimating friction angle and cohesion from an
empirically derived relation between the graph of major and
minor (o, verses o,) principal stresses for various rock types.
According to the method, the principal stresses are calculated

from the following equations:

g, = C, (c./Co + t‘/Co) (3.3)
0, = Co (0,/Cy = T,/Cp) 3.4y
where: o
C, = unconfined compressive strength
o, = an arbitrary normal stress from 0.5 C, and up

an arbitrary shear stress value obtained from
the following equation:
- 1-
T, = (0.5)*™ (0,/Cy)" (3.5)
where n is an empirical factor that varies

according to rock type (0.84 for granitic
rocks)
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Values of o, were selected and corresponding values of t_, g,
and o, calculated using a n value of 0.84, and an average
compressive strength value of 33,000 psi. A graph of o,
verses o, is shown in Figure 3.2. From this graph the intact
rock is estimated to have an internal friction angle of about

49° and cohesion of about 6730 psi.

3.1.2 Strength along Discontinuitiesg

Since rock slope failures commonly occur along discon-
tinuities, the shear strength of discontinuities is an
important factor that is needed to evaluate slope stability.
Shear strength parallel to a discontinuity is primarily
dependant on the discontinuity roughness, strength of the rock
immediately adjacent to the discontinuity (wall strength), and
type of filling (if any) within the discontinuity. Wall
strength and fracture roughness have been empirically related
to shear strength by Barton and Choubey (1977) in the fol-

lowing equation:

T = o, tan (JRC log,, (JCS/o, + o) (3.6)
where:
T = shear strength
o = effective normal stress
Jke = joint roughness coefficient
JCS = joint wall compressive strength
© = base friction angle

b

Joint roughness coefficient JRC, and joint wall compressive
strength JCS are index properties that can be measured in the

laboratory, field, or estimated empirically. The base
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(o]
?

N
<

o
i

n
o
1

S
<

o,= 35,891.8 + 7.1150;

Theoretical Failure Strength (x 1000 psi)

35,891.8 = b rz2 = 0.99
304
. _(tan B - 1>= 49°
P=sin\tanp + 1
201 1 - sin cp) )
10
T I 5 & T § 7T 3

Theoretical Confining Stress (x 1000 psi)

Figure 3.2. Estimation of internal friction angle and
cohesion of intact rock from unconfined compressive strength
after the method described by Brook (1979)
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friction angle is the residual friction angle obtained from
shear tests of smooth, unweathered rock surfaces.

Direct shear tests were performed on two natural fracture
samples and two saw-cut intact rock samples obtained from the
site. Natural fractures at the site typically are coated with
iron, magnesium, or manganese oxide mineralization. Saw cut
samples were made from relatively unweathered rock and
polished smooth. Shear stress can be related to normal stress
through the Mohr-Coulomb equations which can be expressed as:

T =c¢c+ 0o, tan (o, + i) (3.7)

shear stress

cohesion along the discontinuity

= normal stress

= base friction angle

= angle of surface roughness (zero for smooth
samples)

Samples were sheared at three different normal stresses. A

graph of shear versus normal stress for the samples tested is

shown in Figure 3.3. Friction angle and cohesion were es-

timated from best-fit lines for these plots. Estimation of

base friction angle for natural fractures was made using

equation 3.6 with values of Tt obtained from equation 3.7.

Joint wall strength was assumed to be 1/4 the unconfined

compressive strength of the unweathered rock (Barton, 1973).

Joint roughness coefficients (JRC) were estimated for the

natural fracture samples from roughness profiles published by
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150+
OJ saw cut sample ®=29¢°% ¢ = 2.7 psi; r?=.92 O
] O Mated natural fracture @ = 37°% ¢ = 2.8 psi; r2= .91
~ ©
= 0
£ 100+ O
o
& @)
. n
wn
e O]
L
(7))
50
| 8
_ B
0 1 1 ] 1 I 1 1 1 L 1 L] | L 1 1 ] 1 1 L]
0 50 100 150 200

Normal Stress (psi)

Figure 3.3. Results of direct shear tests performed on
natural and saw cut samples obtained from the site of the

Gold Star pit.
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Barton and Choubey (1977, p. 19). Both samples had JRC values
of approximately 5.

The results of these tests are shown in Appendix B. The
resulting average base friction angle for rock-on-rock is
approximately 29°. The angle of surface roughness for both
the natural fracture samples tested was 8°. This roughness
value is based on small scale testing and represents small
scale (second order) irregularity, where larger scale irregu-
larities (first order irregularity) are those that contribute
to the friction angle as expressed in equation 3.7 (Patton,

1966).

3.2 Characterization of Discontinuities

Discontinuities have a major influence on the engineering
behavior of a rock mass. Discontinuities are characterized
by their orientation, spacing, persistence, roughness,
aperture, and filling (Brady and Brown, 1985; ISRM, 1978).
Methods to quantify these properties using field measurements
are summarized by the Internatiénal Society of Rock Mechanics
(1978). Such quantification allows the use of various

stability analyses.

.1 isc inui tio ods
The proposed Gold Star Mine site lies on the crest of a

prominent ridge. Surficial weathering has been extensive at
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the site, and no substantial exposures of the bedrock exist
within the proposed boundaries of the mine. Good exposures
exist within abandoned mine workings and stopes, some of which
are open to the surface. Other exposures were present in
metallurgical test pits excavated during site exploration.
Initially quantification of discontinuity characteristics were
proposed to be measured by scanline methods outlined by the
International Society of Rock Mechaniés (ISRM, 1978); however,
the test pits were too small in size to allow such methods to
be applied.

One scanline was started on the sloping wall of a stope
that had opened to the surface near the Pinto Mine Collar.
A limited amount of orientation, spacing, persistence,
roughness and aperture data were acquired before measurements
were stopped for safety reasons.

The majority of the discontinuity data were obtained from
four metallurgical test pits excavated within the limits of
the proposed mine. Thé“iécations of the pits are shown in
Figure 3.4. The pits were excavated by ripping and bulldozing
5 to 10 feet of disturbed surficial material followed by
blasting of bedrock. The pits were approximately rectangular
in shape and varied in size from about 6 ft by 6 ft to 10 ft
by 10 ft and were 5 to 8 ft deep in bedrock. Rock damaged

and displaced by blasting had been removed from the exca-



ER-3717

vvvvvv

vvvvvv

oooooo

mmmmmm

ooooooo

oooooo

oooooo

/

=]
] _~f2 5

I AN R e 313 g 9
NSNSy TeSiszaa
NSRS, T

Ml il
Ukl

uoneso| yd isel

ooooo




ER-3717 41

vations. The pits offered good three dimensional exposures
of the rock mass, but were limited in size. Orientations
were measured for all discontinuities present in each test
pit. Roughness and fillings present were also noted.
Measurements of persistence or spacing were not obtained due

to the small sizes of the pits.

3.2.2 Orientation and Stereographic Analysis

Discontinuity orientation data were plotted on 1lower
hemisphere equal-area stereographic projections (stereonets)
with the aid of the computer program SCHMOD (Abel, 1970).
This computer routine plots both individual poles of planes
and the percent of poles falling in 1% areas of the stereo-
graphic projection (percent plot). Three hundred fifty
orientation data points were obtained over the entire study
area. The data were evaluated in six parts corresponding to
data from the four test pits, scanline, and set of surface
measurements made by Texasgulf. Stereonets were compiled for
each data set and for a composife of all data. These stereo-
nets are presented in Appendix A. The composite stereonet is
shown in Figure 3.5. A stereonet of large dikes and veins in
the area, listed in Table 2.1, is shown in Figure 3.6.

The stereonet percent plots were contoured subjectively.
From these plots, twelve discontinuity groups could be

identified in the mining area. These groups were labeled as
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groups 1 to 12, group 1 being the most frequently occurring
group over the entire area, and group 12 the least frequently
occurring (in terms of number of discontinuities measured).
The modal points of the discontinuity groups were used for
subsequent stability analyses. The variation in orientation,

denoted by scatter on the stereonets, was also considered.

3.2.3 Description of Discontinuities

A description of the discontinuity groups identified at
the site is presented in Table 3.1. Persistence of the
various fracture groups was inferred from the limited scan
line data obtained, and the major structural trends through

the area.

3.2.4 Determination of Structural Domains

Considerable variation exists between the stereonets
compiled for each data collection area. This suggests that
mining conditions may vary with position in the pit. To
evaluate the impacts of structural geologic variation on pit
slope design, the pit area was divided into three structural
domains. A map of the domains in relation to the proposed pit
along with individual stereonets is shown in Figure 3.7. The
boundaries between these domains are approximate and do not
depict structural features. A summary of the discontinuity

groups that comprise each domain is shown in Table 3.2.
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Table 3.1. Description of Discontinuities
Modal Discontinuity Observed
Discontinuity Frequency trace
Group per Data Collection Area length
(Orientation) TP1 TP2 TP3 TP4 SL1 (ft) Comments
1 strike
(N83E, 58NW) A M S M W >20 similar to
Ewpire 2 Vn.
2 similar to
(NOOE, 78SE) S S M S S -— Harrington
Dike trend
3
(N75W, 69NE) A M M M M 1 to 4
4 similar to
(N50W, 77SW) A M W S S 15 Buena Vista
Vein trend
5 Pharmacist
(N46E, 70NW) W S W M S >20 Vein trend
less steep
toward vein
6 similar to
(N30W, 66SW) M A W W A -——— Buena Vista
Vein trend
7
(N18W, 24S8W) W W M A A -
8
(N18W, 26NE) M M W W W 3
9 similar to
(N50W, 42SW) A w A S A -——- Buena Vista
Vein trend
10

(N8BE, 58SE) M M W A
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Table 3.1 {(continued). Description of Discontinuities

Modal Discontinuity Observed
Discontinuity Frequency trace

Group per Data Collection Area length
(Orientation) TP1 TP2 TP3 TP4 SL1 (ft) Comments

11
(NOOE, 39NW) W A W W A

12
(N58W, 48NE) S M A W A

absent

weak frequency

moderately strong frequency
strong frequency

NP
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Dominance rankings were developed through examination of

stereonets comprising each domain.

Table 3.2. Major discontinuity groups present in each
structural domain

Domain Main discontinuity groups present, in order of
dominance

II 1
III 2, 7 7 I’ 5’

Domain 1 is characterized by the strong presence of
discontinuity group 12, which has a modal dip of 48 degrees
NE, and the absence of groups 1, 3, and 4 which are strong in
other portions of the pit. The Pharmacist Vein trend is only
weakly represented in the discontinuity data obtained from
this domain (test pit 4). This data suggest that the Phar-
macist trend weakens or.changes character with distance from
the vein. However, stopes of the Free Coinage Mine shown on
mine maps of the area (Figures 2.4 to 2.7) do follow the
Pharmacist trend indicating that it may be more significant
in this area than the surficial data indicate.

Domain 2 is characterized by the strong to moderate
presence of discontinuity groups 1 through 8. The Pharmacist

vein trend is very strong in this domain, however, it becomes
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weaker in test pit 3. This supports the possibility of
weakening or changing of the trend with distance from the
vein.

Domain 3 contains the strong presence group 9, which has
a modal dip of 42 degrees southwest. Groups 1 through 5 are

also well represented in this area.

3.3 Characterization of Rock Mass Using Core Data

Five core holes were drilled by Texasgulf at the proposed
mine site. The core holes were designated ASC 86-1 to ASC 86-
5 by Texasgulf. The location of the core holes are shown in
Figure 3.8. Four of the holes (ASC 86-1, 2, 4, and 5) were
drilled in approximately a due north direction and one hole
(ASC 86-3) approximately due south. All core holes were
drilled at approximately a 45 degree inclination. Core holes
were drilled in each of the three structural domains iden-
tified in the discontinuity survey. The sum lengths of the
core drilled totals 1231 feet. Core description logs were
recorded for each core and appéar in Appendix C.

Analysis of the core provides an opportunity to estimate
rock mass properties which could not be extrapolated from the
limited surficial data. Since a core hole is essentially
analogous to a scanline (Deere and others, 1967), methods
available to analyze fracture frequency and spacing data

obtained from a scanline can be applied to similar types of
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data obtained from core.

Two types of analyses were performed. In the first
analysis, Rock Quality Designation (RQD) values were calcu-
lated from core measurements for cores from ASC 86-4 and ASC
86-5. All core was subsequently destroyed for assay purposes
preventing similar analyses of cores from ASC 86-~1, 2, and 3.
The values of RQD calculated also allowed an estimation to be
made of the Volumetric Joint Count (J,), a parameter used to
describe block size in a rock mass (ISRM, 1978). Block size
is an important indicator of rock mass behavior. In the
second analysis, fracture frequency data available from core
logs was statistically analyzed to estimate RQD, J,, and block

size. This analysis utilized data from logs of all cores.

3.3.1 Calculation o D, J d Block Size
Rock Quality Designation (RQD) values were calculated for
various intervals in cores from ASC 86-4 and ASC 86-5 and
appear in Figures 3.9 and 3.10. The RQD is defined as the
percentage of borehole or scanline which consists of intact
rock lengths greater than 4 in. in length (Deere, 1969), and
is calculated from the following equation:
RQD = 100 E x,/L (3.8)

where:
X length of the ith piece of core > 4 in

the number of intact lengths

the length of core for which the RQD

value is calculated

i
n
L
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BOREHOQOLE ASC 86-4 ORIENTATION - 45° NOOE DRILL 2in. 1.D. NX
LOCATION N57615 E43403
ELEVATION 10,625 ft DEPTH 280 ft DATE 6/86
f = ROCK GQUALITY VOLUMETRIC JOINT
zi-| » DESIGNATION (RQD) € ECO(UNT {3y g
wlw ~ (%) g jeints/ m2)
DESCRIPTION 213 T | very r S & 2 |BLOCK SIZE|
ol< & Poor Pcor Fair |Goo 2= 5 Small ?
L|Z| 8 | eglsgegr|ss | e as
Overburden N
trachyte fragments | L
s0f 4 _’34‘
Bedrcck, trachyte — - M
perphyry, clcudy .
sanidine phenccrysts, -
scme altered tc white 3 .
clay, limenite in fracs.| 90 ’ 1132
pinkish stain infracs. 8 . ' R R T
pyrite at 16 ft o ~TF T
100 3_30_:".:; 27 BN A o) 2T
1in thick gcuge 5 —t T —T-
zcne at 35 ft. — L= N T S R A A I : .
100 R RS Y 0 O -1l
iccal subrcund — 40" . .
zenclitths ctuvclc.e& R S I
granitic matf._, rar T 4 1.1 -t A
leucite sites 1001, 2 Y T O R Y ] A e
limenite veins I BT T DR A Y R R L
thin brcken zcne@52f RN P
pink hematite ox 100¢ 5 A LI N 57 s 18
less cemmen b 60 4 - [ . 1" .
tight, discentinucis B Y A S0 (R S B o
tracs w/limenite 100 I I T S T I R B SO - I DR A 1
2 - . . .' . c .
L~ 70 L
Ochre-gray trachyte e S N B
perphyry, lecally 100 4. - -1 B3 R I L
greenish and mcttled, 3 B N I A B B D P
increased fracs, L 80 4T T TF -
clearer sanidine BEP VR U I U B Lot
100 2 N P PR R B R 1Y} M A N R
2.5 i E S I P AR O Sl
scluticn cavaties — 90 o - | e " 170 ‘-‘ 1o 184 HE l 9
100 i S P e el
sk A . | |54 AR R LT
SECTES R U B B O NS R - T
100 P I A 8 O . ‘9
altered sanidine — 1.0 1111111 -
) A i RE .
- i . S I G B A B 9
100 110 BRI R O N I R RN
100f 4 |-1204 .] . S (e s 2
highly fractured T T Y P R P B
w/ white clay gcuge 100 ’ A eT T, s
— 130 —4- . {". E . KN P
asle At Tt R
100 : Ao g8o .1 o

Figure 3.9. Log of core from ASC 86-4 showing RQD and J,
values.
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BOREHOLE ASC 86-4 {(ccnt

ORIENTATION -45° NOOE

DRILL 2 in. I.D. NX

LOCATION N57615 E43403

ELEVATION 10,625 ft DEPTH 280 ft DATE 6/86
o - ROCK QUALITY VOLUMETRIC JOINT
> -
cl~| & DESIGNATION (RQD) E ECC()UNT (Jay) ‘g
wiuwl| = (%) 2 jcints/m3)
DESCRIPTION > |~t T | very ‘ 2} I 3 |BLOCK SIZE| »
Gl= &l Poor | Feor Fair |Goo B Small 3
HELEHEEE R R E:
- | ? © -
Alkaline basait perph |100f 5] | 80 i 10
Weathered trachyte 3 : 1
100 }—u}- 150 — i . 58 4 - f-1{18
Trachybasalt, bictite— . S {
albite lamprcphyre w }— - —t
anaicime & sanadine 2 - : . 23
f 100 39 .
phenccrysts (Burns Dike — 160 — i N
highly fractured 100 xxxp~ 1 -le . 182
...170.J 96f- - S R
2 - —~T=T= —
100 = - A1 e 6
Trachyte perphyry 3 B : . R
100 — 180 X Rt s8] "-|.||8
2.5} - - "
100 190 = A 56 I
N 3 .
4 i -
10075} 200 - 71 .1 13
2 [ n - NI
. ' ' 16
argillized zcne, Iccal  [100 2101 .. i 83 CoL ]
white clay veins < _ — —
fault w/gcuge @ 214 - -] s ..
- .- 116
100f | pa0— _ |64 .
3 . - : .
rubbly zcnes w/pink |10obo2 ZSO-J IR R K R T
hematite cxid. 225- B : 'JL |
227 = - I -
ritic B -
P 100f 2 . od - |7
[~ 240 : St
limenitic frac | — N
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100 - - - { “lre . 1
—e — 260— .
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— 270
100 b - B 8 4| ‘e
Total Depth 280 ft '
Figure 3.9. Continued.

53



ER-3717

BOREHOLE ASC 86-5 ORIENTATION -45° NOOE DRILL 2 in.1.D. NX
LOCATION N57748 E43804
ELEVATION 10,6411t DEPTH 200 ft DATE 6/86
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limcnite & geethite in |00 L 5o ! { I 5 s
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Figure 3.10. Log of core from ASC 86-5 showing RQD and J,
values.
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Figure 3.10. Continued.
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Values of RQD ranged from 2% to 96% in ASC 86-4, values for
ASC 86-5 ranged from 23% to 100%. Low RQD values represent
highly fractured surficial material and relatively narrow
fault or shear zones located at depth. Average values for
the entire lengths of cores from ASC 86-4 and ASC 86-5 are 67%
and 72% respectively. The combined average RQD of the two
cores was 69%. This is described as "fair quality" rock by
Deere (1969).

According to the International Society of Rock Mechanics
(ISRM, 1978), RQD can also be used to describe the number of
joints intersecting a unit volume of the rock mass, a para-
meter known as the Volumetric Joint Count (J,). An approx-
imate correlation between RQD and J, is expressed in the
following relationship:

J, = (115 - RQD)/3.3 (3.9)

v

where:

J, = number of joints per m3

RQD = Rock Quality Designation (in %)
Values of J,6 were calculated for corresponding values of RQD
for cores from ASC 86~4 and ASC 86-5 and also appear in
Figures 3.9 and 3.10. These values of volumetric joint count
are indicative of probable average block size within the rock
mass. The average value of J,6 for cores from ASC 86-4 and 86-
5 combined is 13.9/m®, which is classified as a small block

(ISRM, 1978).
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3.3.2 Statistical Analysis of Core Fracture Frequency

The rock mass was also characterized by statistically
analyzing fracture frequency data available on logs of all

cores.

3.3.2. eo alysi

Priest and Hudson (1976) describe a method of estimating
RQD from scanline survey spacing data. According to their
theory, if each segment of scanline has an equal but small
chance of containing a discontinuity intersection point, the
intersection points are a Poisson process and associated
spacings will follow a negative exponential distribution.
Applying the Poisson negative exponential probability dis-
tribution to spacing values in a rock mass, assumes that
discontinuities occur randomly within the rock mass.

To properly sample the rock mass, equal 1lengths of
scanline, or borehole, should be established in orthogonal
directions to obtain a true three-dimensional sample of the
rock mass (Priest and Hudson, 1976; Piteau, 1970, Terazghi,
1965). 1In reality, spacing values in a geologically complex
rock mass typically follow a log normal distribution (ISRM,
1978) but may still be well approximated by the negative
exponential distribution. Significant departure from a
negative exponential distribution can occur if a rock mass is

dominated by evenly spaced or clustered discontinuities.
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Theoretically, the mean and standard deviation of spacing
values in the negative exponential probability distribution
are equal. If an analysis indicates that these values differ,
this would indicate departure from a negative exponential
distribution.

A relationship between discontinuity frequency and RQD
can be derived by integrating all spacing values above 4 in.
in the negative exponential probabiiity distribution. The

resulting relationship for theoretical RQD is:

RQD' = 100e™™ ( At + 1) (3.10)
where:
RQD' = theoretical RQD in percent
A = average number of discontinuities per ft

(1/average spacing)
threshold value in ft (0.33 ft for standard
RQD)

ct
]

Note that standard RQD as defined by Deere (1969) can be
obtained as well as values for other lengths of intact rock
by varying the threshold value.

By producing histograms of spacing data, Priest and
Hudson demonstrated the applicability of the negative exponen-
tial probability distribution in field situations. According
to their data, theoretical and actual RQD values were within

5% at 27 survey locations.
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3.3.2.2 Application of Theory
In order to apply the method described by Priest and

Hudson the following assumptions were made:

1. Fracture frequency values were accurately recorded
and zones of differing frequency properly delineated
on the log.

2. Fracture frequency values quoted on core logs can be .
inverted to provide averagevspacing values. The
distribution of these average spacing values is a
good approximation to the true distribution of
spacing values.

3. The rock mass is sufficiently complex to approximate
a random distribution of spacing values.

5. Each core represents a three dimensional sample of
the rock mass.

4. The zone of intense fracturing associated with
surficial weathering should be excluded from the data
base. Poor recéQery from this zone make the fracture
frequency data unreliable. Excluding this zone from
the analysis will allow a more accurate characteriza-
tion of the rock mass at depth to be made.

Spacing histograms were constructed for each core and for

the sum of all core. Spacing values were grouped into spacing

class intervals that were 0.1 ft wide and the percentage in
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each class calculated. Spacing values greater than 2 ft were
grouped into one class. The spacing class width chosen
represents the limit of precision of the fracture frequency
data reported. The resultant probability density distribu-
tions and fitted negative exponential functions appear in
Appendix C.

Single core hole spacing histograms appear to be only
fairly well approximated by the negative exponential probabil-
ity distribution as indicated by values of correlation
coefficient squared (r2?) of 0.36 to 0.95. Since a single core
hole samples in only one direction, the assumption of three-
dimensional sampling is violated. Theoretical RQD values,
therefore, could not justifiably be calculated for separate
core because of this sampling error.

The negative exponential approximation appears to be good
for the sum of all core. The spacing histogram and fit to the
negative exponential distribution for the sum of all core is
shown in Figure 3.11. The fact that data from the sum of all
core has a better fit to the negative exponential distribution
than individual core data may reflect a better approximation
to a three dimensional sample that summing the core data
gives, However, since the data were obtained from three
structural domains, adding core also averages effects that the

different structures have upon spacing values. The average
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40.0
SUM OF ALL CORE

Total borehole length 1137 #t
Mean discontinuity spacing 0.328 ft
Standard deviation 0.364 ft
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Figure 3.11. Spacing histogram and negative exponential curve
fit calculated from fracture frequency in core holes ASC
86-1 to ASC 86-5.
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fracture frequency values can also serve to indicate rock mass
quality. A summary of the applicability of the negative
exponential curve fit, fracture frequency data, and rock mass
quality appears in Table 3.3.

Table 3.3. Summary of statistical analysis of core hole
fracture frequency data

Average Standard Average Frac. Neg.
Core Spacing (X) Deviation Frequency (A) Exp. RQD ROD'
(ASC) (ft) of X (ft) (frac/ft) r? (%) (%)
86-1 0.873 0.665 1.145 0.62 NA NC
86-2 0.188 0.156 5.319 0.95 NA NC
86-3 0.186 0.238 5.370 0.68 NA NC
86-4 0.366 0.143 2.734 0.36 NA 67
86-5 0.753 0.382 1.327 0.67 NA 72
SUM 0.328 0.364 3.049 0.80 74 69%

NA = Not Applicable NC = Not Calculated
* = average value for cores 86-4 and 86-5

A theoretical RQD value of 74% was calculated for the
sum of all core by using a "t" value of 0.33 ft in equation
3.10. Calculations were also made for "t" values of 0.67
ft, 1.0 ft, 1.5 ft, and 2.0 ft, and were 39%, 19%, 6%, and
2% respectively. These values represent the average per-
centage of the rock mass (over the area that the five cores

were obtained) that consist of intact lengths greater than
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the threshold (t) at which they were calculated. This
relationship is shown graphically in Figure 3.12. The average
standard theoretical RQD of 74% calculated from equation 3.10
is similar to the average value of 69% calculated from
equation 3.8 and measurement of cores from ASC 86-4 and ASC
86-5. The theoretical RQD value predicts a slightly lower
volumetric joint count, 12.5/m3, than that estimated through

the RQD values of cores from ASC 86-4 and ASC 86-5.

3.3.3 Implications for Desigan

The small block size predicted byrthe analyses performed
implies that the rock mass strength is significantly less than
that of intact rock due to the high frequency and low average
spacing of discontinuities. Freedom of movement within the
rock mass is increased and the deformation modulus reduced as
compared to intact rock (ISRM, 1978, Hoek and Brown, 1980).
The high fracture frequency and small block size may also
increase the likelihood of a complex failure (e.g. a stepped
plane or stepped wedge failure)A(Hoek and Bray 1981), although
failure is also dependant upon fracture persistence. On the
average, approximately 2% of the rock mass will have intact
lengths greater than 2 ft, while 74% will be greater than 4
in. in length. Small block sizes may also increase raveling

or toppling on slopes. This implies that scaling of the final
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slopes to prevent rock fall may be an important operational

necessity.

eolo

The presence of water in a rock mass substantially
reduces the resistance to sliding along discontinuities.
Since the Gold Star Mine site lies on a high ridge the area
is naturally well drained. The networking of underground
mines also aid in draining the area. The entire mining
district is wunderlain by two main drainage tunnels, the
Carlton and the Roosevelt Tunnels. The exit portals of these
tunnels lie at elevations of 6950 and 8020 feet respectively
and contribute to the drainage of the site. Drilling inves-
tigations at the site did not encounter substantial flows of
water in any of the holes drilled. For these reasons, and
since the mine will only reach relatively shallow depths, the

rock mass is considered dry in subsequent analyses.
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4.0 STABILITY OF PIT SLOPES

The pit slope design performed for the Gold Star pit
utilized kinematic and 1limiting equilibrium methods to
identify the types of failure geometries present and to
evaluate the stability of the proposed pit slopes. These
methods were outlined in section 1.3 of this report. Estima-
tion of the values of the parameters needed to make these

analyses were discussed in Chapter 3.

4.1 Kinematic Analysis

Potential failure geometries were evaluated for stability
with respect to the geometry of the pit in the area of each
structural domain. Failure geometries were identified by
plotting modal orientations of the discontinuity groups on
equal-area lower hemisphere stereonets.

A lower hemisphere stereographic projection of the
discontinuities present in each structural domain are shown
in Figures 4.1, 4.2, and 4.3. The discontinuity planes create
potential plane failures, whose direction of potential failure
are along the dip of the planes (denoted by Px), and potential
wedge failures involving two discontinuities, whose direction
of potential failure are along the plunge of the 1line of
).

Only planes and wedges steeper than the residual rock-on-rock

intersection of the two discontinuities (denoted by qu
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Figure 4.1. Lower hemisphere stereograph showing the possible
plane (P,) and wedge (I, ) failure geometries for Domain I

of the proposed Gold Star pit.
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Figure 4.3. Lower hemisphere stereograph showing the possible
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friction angle of 29° were considered in the analysis.

Table 4.1 lists the potential failure geometries that
conform to the criteria outlined in section 1.3 for each
predominant slope orientation within each structural domain.
Potential toppling failures, denoted T,, and maximum slope
angles that avoid toppling are also given in Table 4.1. These
geometries are a conservative estimate of the possible failure
modes present. The effects of rock-on-rock cohesion, intact
rock strength, and wedging were not considered. To quantify
the failure potential of each possible failure geometry
identified and to evaluate the effects that these factors have

on stability, a limiting equilibrium analysis was performed.

4.2 Limiting Equilibrium Analvsis

To assess the potential of failure of the geometries
identified in the kinematic analysis, the factor of safety
against failure was calculated for each geometry using the
approach described in section 1.4. Factors of safety for
potentially daylighted wedge geometries were calculated
assuming no discontinuity cohesion, no intact rock and a
residual rock-on-rock friction angle. Wedge factor of safety
calculations using only the rock-on-rock friction angle are
independent of scale and apply to both bench and overall slope

stability (Hoek and Bray, 1981).



ER-3717

Table 4.1. Failure geometries identified by kinematic
analysis

Cut Slope Possible Plunge, Dirn.
Dip Dirn. Failure Mode of Failure

DOMAIN T

N 45 E 48, N 32 E

48, N 23 E

= 9
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N

- 46, N 13 E
2maz 53, N 17 E
Slopes Steeper than 61°

N 45 W . 70, N 44 W
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Nt:‘l-‘
o

S 45 W 66, S 60 W
38, S 62 W
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Table 4.1 (CONTINUED).
kinematic analysis

Failure geometries identified by

72

Cut Slope
Dip Dirn.

Failure Mode

Possible

Plunge, Dirn.

of Failure

DOMAIN II

S 45 E

S 45 W

DOMAIN III

E

N 45 E

N 45 W

cont.

62, S 24 E
Slopes Steeper

78, N 90 E

63, N 90 W
66, N 81 W
Slopes Steeper

66, S 60 W
77, S 40 W

38, S 10 E
Slopes Steeper
Slopes Steeper

78, 90

68, 32
07
15
12
13
17
18

58,
69,
67,
56,
53,
55,

44
62
60
47

70,
42,
35,
51,

ZZZz22 ZZZ2Z22Z 2 =2
£y WEaEIZEE = ®™

66, N 81 W

than

than

than
than

51°

53°

61°
50°

Slopes Steeper than 53°
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Table 4.1 (CONTINUED). Failure geometries identified by
kinematic analysis

Cut Slope Possible Plunge, Dirn.
Dip Dirn. Failure Mode of Failure

DOMAIN III (cont.

S 45 W P, 42, S 40 W
P, 77, S 40 W
I, 40, S 63 W

[ T, Slopes Steeper than 61°

T, Slopes Steeper than 50°

x = plane failure geometry

P
Ix__y = wedge failure geometry
T, = Toppling failure geometry
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Factors of safety for potentially daylighted plane
failures on overall slopes were calculated from equation 1.1
for ranges of roughness angles and intact rock percentages
since these parameters could not be accurately estimated from
the limited data obtained for the analysis. Factors of safety
for bench plane failures were calculated in a similar manner
with the added assumption that intact rock bridges on the
failure plane may be completely destroyed by blasting.

A list of all the wedge geometries and the corresponding
factor of safety calculated by equation 1.2 using a friction
angle of 29° is shown in Table 4.2. Hoek and Bray (1981)
recommend that wedge geometries possessing a friction only
factor of safety, calculated from equation 1.2, of less than
2.0 should be analyzed in more detail. However, to use the
friction only method the conservative assumptions that no
intact rock, no rock-on-rock cohesion, and no discontinuity
roughness exist along potential failure planes were employed.
Therefore, in this stud&,ra factor of safety of less than 1.0
was considered criteria for more detailed study.

Factors of safety for plane failure geometries identified
in the kinematic analysis were calculated for individual bench
heights (40 feet) and overall slope heights of 100 and 200
feet. The assumption of no intact rock may be applicable for

individual bench analysis, but is conservative for overall pit
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Table 4.2. Factors of safety for wedge failure geometries
identified in the kinematic analysis calculated
using the rock-on-rock friction only method of
Hoek and Bray (1981).

Wedge Dip Dip Dirn. Factor of
Diff. Diff. A B Safety
1-2 20 97 0.65 0.25 0.50
1-3 11 22 1.60 1.10 1.50
1-4 19 133 1.20 0.90 1.16
1-5 12 37 0.80 0.30 0.61
1-6 8 113 0.80 0.65 0.81
2-3 9 75 0.35 0.10 0.25
2-4 1 130 0.50 0.50 0.55
2-5 8 134 0.75 0.80 0.86
2-6 8 150 1.80 1.40 1.77
2-12 30 58 1.10 0.25 0.75
3-4 8 155 2.00 1.90 2.16
3-5 1 301 0.25 0.25 0.28
3-6 3 225 1.40 1.40 1.55
4-5 7 96 0.40 0.30 0.39
4-6 11 20 1.65 1.20 1.58
5-6 4 76 0.30 0.30 0.33
5-10 12 138 1.40 1.20 1.44
5-11 31 46 1.90 0.60 1.39
5-12 22 76 0.90 0.10 0.55
10-11 19 92 1.20 0.50 0.94
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slope analysis (Abel, 1987). Sensitivity of the factor of
safety for various slopes to the presence of intact rock and
surface roughness, which could not be adequately measured in
the field, was investigated by varying these parameters in the
calculations. This analysis indicated that, for the failure
geometries identified, the factor of safety is not highly
sensitive to roughness. Sensitivity of the factor of safety
to discontinuity roughness is demonstrated by Figure 4.4.
Factors of safety for a plane dipping 55° out of a 100-foot
high slope increased by only approximately 0.3 for various
slope angles when the roughness angle (i) was increased by
15°. Error induced by subsequent analysis assuming no
roughness was therefore minimal. The analysis also indicated
that the factor of safety was very sensitive to the proposed
pit slope angle and pit slope height, and was extremely
sensitive to the percentage of intact rock present. Factors
of safety for the various planes identified in the kinematic
analysis are shown as a fﬁhction of slope height, slope angle,
and percentage of intact rock present in Figures 4.5 to 4.9.
The factors of safety shown in these figures assume non-
variable strength properties for discontinuities and intact
rock and a 0° discontinuity roughness angle. Factors of
safety for the proposed 40-foot high benches are shown in

Figure 4.10.
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Figure 4.4. Factor of safety verses cut slope angle for plane
failure along a discontinuity dipping 55° out of a 100-foot
high slope for various roughness angles (i). Calculation
assumes no intact rock, a rock-on-rock friction angle of
29°, and a rock-on-rock cohesion of 2.7 psi.
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Figure 4.5. Factor of safety verses cut slope angle for plane
fajlure along discontinuity group 9 (A), and discontinuity
group 12 (B) for various proportions of intact rock (Pi).
Slope height = 100 feet, rock-on-rock friction angle = 29°,
rock-on-rock cohesion = 2.7 psi., intact rock friction angle
= 49°, intact rock cohesion = 6728 psi.



ER-3717 79
5.0
A \
o \P; = 0.1
2]
“(1_) 3.0
O
W i \ \
B 2.0 \ \
|-
o | Pi= 0.05
210 —
| o
O-O 1 |.l T T T T T T T 7 T T ¥ ] L) ¥ T T T T T 7
50 55 : 60 65 70 80
*Slope Angle
9.0 -
B \
8.0
7-0 \ \
2%.0 ‘
0] 4
2 N
5.0
N \ NP, = 0.1
o* | \ . \
LC->3’0 1 P \\
' i=0.05
—’gzo - \ N \ —
LL . ] \ ‘\\
1.0 Pi=0
0.0 T H T L L T T T T 1 ] 1 T T T T ¥ T 1 T T L} T
50 55 60 65 70 75 80
Slope Angle

Figure 4.6. Factor of safety verses cut slope angle for plane
failure along the Pharmacist Vein trend for various propor-

tions of intact rock (P,).
feet (B). Rock-on-rock friction angle = 29°,

Slope height = 100 feet (A), 200
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cohesion = 2.7 psi., intact rock friction angle = 49°,
intact rock cohesion =

6728 psi.
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Figure 4.7. Factor of safety verses cut slope angle for plane

failure along discontinuity groups 1 and 10 for various
proportions of intact rock (P;). Slope height = 100 feet
(A), 200 feet (B). Rock-on-rock friction angle = 29°, rock-
on-rock cohesion = 2.7 psi., intact rock friction angle =
49°, intact rock cohesion = 6728 psi.
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Figure 4.8. Factor of safety verses cut slope angle for plane
failure along discontinuity group 6 for various proportions
of intact rock (P.). Slope height = 100 feet (A), 200 feet
(B). Rock-on-rock friction angle = 29°, rock-on-rock
cohesion = 2.7 psi., intact rock friction angle =49°, intact
rock cohesion = 6728 psi.
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Figure 4.10. Factor of safety verses cut slope angle for 40-
foot high slopes (bench height). Curves for all discon-
tinuity dip orientations shown. No intact rock is assumed
to exist along potential failure planes. Rock-on-rock
friction angle = 29°, cohesion = 2.7 psi.
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4.3 Pit Slope Design

The results obtained from the analytical methods presen-
ted were then used to design pit slopes. The criteria
involved in design of overall pit slope angles were discussed
in section 1.3 of this report.

The stability analysis indicated that:

1. The possibility of failure by plane shear along
discontinuity set "1" exists in slopes that dip to
the north in domains II and III. Data collected
suggests discontinuity set "1" is a persistent
structure in these areas. The set has a modal dip
of 58° approximately due north. Possible wedge
geometries also exist involving intersections of
discontinuity groups "1","2", "3", and "5". These
failure geometries should not present a problem if
the overall pit slope angles for north-dipping
slopes do not exceed 55°.

2. The possibilify of toppling failures controlled by
discontinuity sets "1", "3", and "5" exists in the
pit walls that dip to the south and southeast. This
type of failure should not present a significant
overall problem, but will produce rubbly-appearing
slope faces. As a result, south and southeast-

dipping pit slopes should be limited to an overall
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slope angle of 60° or less.

No significant failure modes could be identified for
east-dipping or west-dipping pit slopes. The
stability and appearance of these slopes will most
likely be controlled by discontinuity set "2", a
persistent structure that strikes north-south and
has a modal dip of 78° to the east. The presence of
this feature should allow east and west-dipping
overall pit slope angles of 60° to be attained.
The Pharmacist Vein represents a significant weak
zone in the rock mass, however, local structural
trends in the study area were not observed to
directly reflect the orientation of the vein. The
strong local trends, such as discontinuity group
"5", appear to be similar in strike but steeper in
dip than the Pharmacist Vein. This suggests that
the Pharmacist trend may steepen in dip with
distance from the vein.

Discontinuity set "12" was found to frequently occur
in domain I of the pit. This set possesses a modal
dip of 48° to the northeast and may produce failures
by plane shear in the northeast-dipping pit slope
of domain I. Wedge failures formed by the intersec-

tion of discontinuity groups "2" and "12" are also
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possible in the north dipping wall of domain I. An
overall slope angle of 45° in these areas will
reduce the potential hazard that these failure
geometries present.

6. Discontinuity set "9" was found to frequently occur

in Domain III of the pit. This set possesses a
modal dip of 42° to the southwest. This discon-
tinuity set may produce plane shear failures in the
"nose" area of Domain III. An overall slope angle
of 45° is recommended for this area.

7. The rock mass in the prominent "noses" separating

the northeastern and southeastern pits and in Domain
III will be subject to considerably less confining
stress. The overall pit slope angle in the vicinity
of these structures should be 45°.
A summary of the recommended pit slope angles is shown in
Figure 4.11.

Due to the nature 6f excavation methods in the pit, it
is recommended that safety benches be placed in the pit slope
wall at intervals of approximately 40 vertical feet. Bench
backslope angles are a function of the overall slope angle,
the bench height, and the bench width. Benches should be a
minimum of 11 to 15 feet wide. Figures 4.12 and 4.13 are

representative cross-sections of the pit slopes showing the
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Figure 4.12. Cross sections of 45 and 55 degree pit slopes
showing recommended bench width and backslope angle.
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recommended bench widths and backslope angles for various
overall pit slope angles. Careful blasting practices must be
used to develop a final pit wall in order to achieve the

recommended slope angles.
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5.0 EVALUATION OF DESIGN

Mining operations commenced at the Gold Star pit in the
fall of 1988. Conditions found in the pit were compared to
those predicted in this report. The approximate configuration
of the pit at the time of this evaluation (February, 1989) is
shown in Figure 5.1. A photograph of the mining area is shown
in Figure 5.2. Mining had progressed to the 10,570-foot level
in the southeastern and northeastern areas of the mine
exposing the first set of 40-foot benches. Mining had
progressed to the 10,590-foot 1level over the remaining

portions of the planned mining area.

5.1 Actual Mining Conditions

Mining conditions that affect slope stability were
monitored as mining progressed. This monitoring included
surveying discontinuity orientations in exposed pit slopes,
surveying overall pit slope angles and backslope angles, and
observing locations and‘éizes of underground workings encoun-
tered in the pit walls and floor.

A composite lower hemisphere stereographic projection of
the discontinuity data collected from the site appears in
Figure 5.3. These data were acquired from measurements at the
10,610, 10,590, and 10,570-foot elevations in the north and

south dipping pit walls in the southeastern pit area--the area
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SCHMIDT
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NUMBER OF POINTS 128 Mine Data

Figure 5.3. Composite lower hemisphere stereographic projec-
tion of discontinuity data gathered in the southeastern area
(Domain I) of the Gold Star Mine.
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of the pit initially designated structural domain I. Persis-
tent fracture trends were found to strike primarily within the
range of N 50 E to N 50 W and dip 55° to 85° northward. The
modal orientations of the data plotted correspond to discon-
tinuity groups 1, 12, 4, and 2 identified in the pre-mining
study.

These discontinuities were found to control the backslope
angles of the north dipping pit walls where the discontinui-
ties are vertically persistent and their strike is coincident
with the orientation of pit walls. As a result, backslope
angles varied from 45° to 70° on the 10,610-foot bench, and
averaged 70° on the 10,570-foot level in the north dipping pit
walls.

A photograph of the north dipping pit wall in the
southeastern portion of the pit is shown in Figure 5.4. North
dipping discontinuities were producing a rubbly appearing
south dipping pit wall, but were causing no apparent stability
problems.

A photograph of the south dipping pit wall in the
southeastern portion of the pit is shown in Figure 5.5.
Backslope angles for these walls average about 75°. Rockfall
hazards presented by toppling of rubble on these slopes were
being mitigated by thorough scaling efforts as shown in Figure

5.6.
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The south wall developed in the northeastern portion of
the mine varied in height from zero feet in the east to 40+
feet in the west. A set of very persistent fractures, similar
in trend to that of the Pharmacist Vein, were controlling the
orientation of an approximately 50-foot long section of the
eastern portion of the wall. The fracture orientation was
measured at N 80 E, dipping 57° NW. A photograph of this pit
wall is shown in Figure 5.7. Furthef'west on this slope, the
backslope angle increased to approximately 72°.

A narrow shaft, probably associated with the Free Coinage
Mine, had been encountered in the north dipping pit wall, and
a narrow stope of the North Burns or Pharmacist Mines had been
encountered in the western pit wall. These openings present
a hazard to site personnel but have had a minimal impact on
operations. Larger stopes associated with the Harrington and
Pinto Mines have been encountered in the floor of the pit
during excavation at both the 10,610-foot 1level and the
10,590-foot level. A phbtbéraph of one of these larger stopes
at the 10,590-foot level is shown in Figure 5.8. The presence
of these larger stopes have presented a greater hazard than
the smaller openings and have required slight alteration of
blasting patterns, generally, however, the larger stopes have

caused no major operational problems.
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5.2 Evaluation of Preliminary Design

At the stage of mining considered in this study, pit
slopes appear to be developing approximately as planned by the
initial design. Changes in the initial plan have mostly been
due to revised estimates of gold ore 1locations which has
resulted in additional mining in some areas. In some areas
safety benches were narrower than originally planned. This
was partially attributed to blasting too close to the planned
pit wall position. The final row of blast holes was offset
approximately 3 feet from the planned pit walls position to
alleviate this problem.

The preliminary design appears to have predicted mining
conditions accurately. This reinforces the wvalue that such
studies have in the planning and initial phases of open pit

mining projects.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the analysis presented in this report, a
preliminary pit slope design has been developed. Overall
slope angles for north, northeast, and northwest dipping pit
slopes should not exceed 45° where discontinuity group "12" is
present or 55° elsewhere. Overall slope angles for south,
southeast, and southwest dipping pit-walls should not exceed
60°. The eastern and western pit walls should not exceed an
overall slope angle of 60°. A series of safety benches 11 to
15 feet wide should be placed in theipit walls at vertical
intervals of approximately 40 feet.

Previous underground mining in the area has been exten-
sive, but no large openings were observed on available mine
maps of the area or encountered in drill holes on the site.
No significant problems due to the presence of underground
workings are foreseen at this time, but the presence of large
underground stopes cannot be completely dismissed.

Statistical analysis of éore fracture frequency data
suggest that the average rock mass block size is small.
Approximately 2% of the rock mass will have intact rock
lengths of greater than 2 ft., while 74% will be greater than
4 in. in length. The incidence of raveling or toppling of

small blocks may be high and scaling of final slopes may be
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an important operational necessity.

The analysis presented herein may be modified as pit
excavation provides more precise delineation of the structural
geology of the pit. The sensitivity analysis performed
suggests that the stability of the pit slopes is highly
sensitive to the orientation of the failure geometry iden-
tified (planes and wedges), the overall pit slope angle, and
the amount of intact rock present along discontinuities.

The actual conditions encountered during excavation of
the mine varied little from those predicted by the preliminary
study. This suggests that such studies are valuable in the

planning and initial phases of an open pit mine project.
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APPENDIX A

DISCONTINUITY DATA AND
LOWER HEMISPHERE STEREOGRAPHIC PROJECTIONS



ER-3

Rock

717
atj iscontinui
distance along scanline

trace length of discontinuity above scanline

nature of termination

A = another discontinuity
I = in intact rock
O = obscured or beyond the exposure

curvature or waviness
1 not curved
5 very curved

roughness of small scale irregularities
I = stepped rough

II = stepped smooth

III = stepped slickensided

IV = undulating rough

V = undulating smooth

VI = undulating slickensided

VII = planar rough

VIII = planar smooth

IX = planar slickensided

Types on Texasgulf Geologic Map
Tt = Trachyte porphyry

Tb = Trachybasalt dike

Tp = Phonolite dike

Tl = Latite porphyry

109
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Location: Pharmacist stope Date: 6/24/88
Face Orientation: N 58 E, 61 NW Rock Type: LA/PH

Scanline Orientation: 11, S 58 W Recorded by: BC/AEC

D (in) L (ft) T Orientation C R Comments
0 0.5 A N 05 E, 76SE 1 \Y 1/4" Aper.
0 >20 0 N 49 E, 61NW 2 II Pharmacist
24 5 0 N 54 W, 70NE 2 \Y 1/2" Aper.
29 2 A N 52 E, 21NW 2 v
34 0.2 A N 46 W, 78NE 2 v 1/4" Aper.
52 1 A N 04 E, 54NW 4 IV 1/4" Aper.
57 0.5 A N 07 W, 60NE 3 \Y 1/8" Aper.
63 1 A N 12 W, 83NE 5 Iv 1/8" Aper.
74 1 A N 22 W, 52NE 3 Iv

98 6 A N 10 E, 85NW 2 v
96 6 0 N 61 W, 75NE 1 v

116 4 0 N 80 W, 73NE° 2 \'

120 3 A N 01 W, 26NE 4 I

132 >20 0 N 45 E, 62NW 2 II Pharmacist

128 4 A N 49 W, 84NE 5 Iv

138 1 I N 73 W, 70NE 1 II

141 2 I N 44 W, 88NE 3 VIII

144 1 A N 75 W, 65NE 2 IV

144 1 A N 27 E, 55NW 1 VIII

153 5 I N 10 W, 83SW 2 \Y

156 1 0 N 55 E, 75NW 2 II

160 2 0 N 08 E, 78NW 1 VIII

159 1 0 N 31 E, 68NW 1 VII

165 1 A N 16 W, 73NE 2 v

168 1 A N 82 E, 77NW 2 VIII

168 >15 0 N 38 W, 80ONE 2 v

-~
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Location: Test Pit 1 Date: 6/24/88
Face Orientation: Rock Type: LA-PH

Scanline Orientation: none Recorded by: BC/AEC

D (in) L (ft) T Orientation c R Comments

89NW
54NE
75SW
48NE stope trnd
72NW
42NW
85NW
78SE
45NE
54SE
52NW-
52NE
62SW
56NE
56NE
84NE
86NW
69SE
25NW
87NE
71SW
80SW
14NE
16NE
28SW
74SE
65NE
658SW
50NE

15
62
30
60
56
02
26
17
82

I e T L T U I

- =

L N T S ~-

.~ N 0~

-~

222222222 222222 2222222222222
(54
o

IR EIMENELENENMONESEESMEENAEHM E E E M

-~
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Location: Test Pit 2 Date: 6/29/88
Face Orientation: Rock Type: LA-PH
Scanline Orientation: none Recorded by: BC
D (in) L (ft) T Orientation C R Comments
N 54 W, 55NE TP 1 trnd
N 50 E, 80NW NW face
W 60 W, 46SW
N 44 E, 70NW All brkn
N 73 W, 687W Loose
N 44 E, 69NW stope trnd
W 65 E, 29NW
N 20 E, 20SE
N 44 E, 76NW
N 74 W, 33NE
N 40 W, 44sw
N 02 W, 87NW
N 08 E, 40NW
N 65 W, 88SW
N 02 E, 87NW Rough
N 28 E, 70NW
N 38 E, 71NW
N 00 E, SO0ONW
N 19 E, 17SE
N 70 E, O78SE
N 47 E, 75NW
N 47 E, 66NW
N 77 W, 49NE
N 72 E, 35SE
N 55 W, O3NE Undulating
N 35 W, 84NE NE face
N 45 W, 65NE
N 45 W, 9O0NE
N 74 E, 33NW
N 11 W, 33NE
N 35 W, 77SW
N 15 W, 558w
N 67 W, 38NE
N 75 W, 74SW Rough
N 44 E, 8ONW
N 60 E, 55NW
N 62 W, 52NE
N 45 E, 34NW
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Location: Test Pit 2 (Cont.) Date: 6/29/88
Face Orientation: Rock Type: LA-PH
Scanline Orientation: none Recorded by: BC
D (in) L (ft) T Orientation Cc R Comments

N 84 W, 60SW

N 39 E, 62SE

N 35 E, 10NW undulating

N 04 W, 63SW SE face

N 86 E, 80NW

N 35 E, 87SE

N 36 W, 90NE

N 75 E, 86NW

N 39 E, 87NW

N 05 W, 87NE

N 10 W, 81NE SW face

N 76 W, 69NE

N 84 E, 28SE

N 90 E, 72NW

N 33 E, 42NW

N 15 E, 22SE

N 02 W, 51NE rough

N 05 W, 84NE

N 79 E, 78NW

N 85 W, 62SW

N 80 W, 74NE

N 16 W, 72NE

N 55 E, 30NW

.N 45 E, 62NW Pharmacist
N 80 E, 65NW
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Location: Test Pit 3 Date: 6/24/88
Face Orientation: Rock Type: LA-PH
Scanline Orientation: none Recorded by: BC/AEC
D (in) L (ft) T Orientation c R Comments

N 21 W, 69NE W face

N 18 W, 64SW

N 85 W, 66NE

N 70 E, 67NW

N 40 E, 90NW

N 64 W, B5NE

N 50 W, 20SwW

N 75 E, 65NW

N 03 W, 248w

N 63 E, 85NW

N 33 E, 58NW

N 39 W, 528W

N 78 W, 72NE

N 16 W, 238SW

N 02 W, 428SW

N 20 W, 68NE

N 76 W, 79NE

N 55 W, 308w

N 04 W, 26SW

N 66 E, 87SE

N 46 W, 33sSwW

N 12 W, 27SW

N 30 E, 87SE

N 78 W, 66NE

N 78 E, 64NW

N 15 E, 30NW

N 73 W, 75NE

N 05 W, 40SW

N 17 E, 41NW

N 75 E, 55NW

N O E, 21NW

N 51 W, 88NE

N 25 W, 22w

N 73 W, 76NE

N 32 W, 64sw NW face

N 66 E, 69NW

N 66 E, 43NW

N 13 E, 43NW N face
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Location: Test Pit 3 (cont.) Date: 6/24/88
Face Orientation: Rock Type: LA-PH
Scanline Orientation: none Recorded by: BC/AREC
D (in) L (ft) T Orientation C R Comments

N 50 W, 82SW

N 70 W, 78NE

N 19 E, 85SE

N 78 E, 63NW

N 42 E, 44NW

N 54 W, 86SW

N 51 W, 88sw

N 24 W, 30NE

N 82 E, 69NW

N 82 E, 77NW

N 11 E, 88SE

N 79 E, 67NW

N 74 E, 61NW

N 82 E, 61NW

N 64 W, 70NE

N 36 W, 12SW

N 23 W, 358w

N 05 W, 42SW

N 82 W, 84NE

N 18 E, 54NW

N 84 E, 57NW

N 06 W, 66SW

N 05 W, 16NE

N 04 E, 80SE

N 07 W, 59SW

N 01 E, 37NW

N 17 E, 65SE

N 73 W, 79SW

N 75 E, 64NW

N 15 E, 76NW

N 74 W, 90NE NwW face

N 78 E, 66NW

N 60 W, 70SW

N 14 E, 82NW

N 31 E, 66NW

N 57 W, 25SW

N 60 W, 89SW E face

N 88 W, 68NE
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Location: Test Pit 3 (cont.) Date: 6/24/88
Face Orientation: Rock Type: LA-PH
Scanline Orientation: none Recorded by: BC/AEC
D (in) L (ft) T Orientation Cc R Comments

N 76 E, 64NW

N 12 E, 90NW

N 02 E, 81SE

N 72 E, 76SE

N 43 E, 75NW

N 49 W, 56SW

N 20 E, 90NW

N 39 W, 64SW

N 84 E, 69NW S face

N 35 W, 64SW

N 68 W, 65NE-

N 02 E, 81SE

N 20 W, 30NE

N 07 E, 85SE

N 15 E, 45SE

N 60 W, 73NE

N 79 E, 66NW

N 69 E, 67NW

N 27 W, 58SW

N 18 E, 90NW
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Location: Test Pit 4 Date: 6/29/88
Face Orientation: Rock Type: LA-PH
Scanline Orientation: none Recorded by: BC
D (in) L (ft) T Orientation C R Comments
N 25 W, B84NE W face
N 00 E, 65SE
N 75 W, 45NW Rough
N 02 E, 65SE
N 73 W, 72NE Rough
N 64 W, 36NE
N 05 W, 70SW
N 50 W, 44sw
N 71 W, 75NE
N 85 W, 71NE
N 09 W, 84NE
N 80 E, 69NW
N 71 W, 378w
N 90 E, 55NW
N 20 W, 74SW
N 39 W, 53swW
N 57 W, 358W
N 25 E, 56SE
N 27 W, 56SW
N 00 W, 85NE
N 30 E, 38SE
N 86 E, 57NW
N 15 E, 50SE
N 22 W, 74SW
N 30 W, 728w
N 62 W, 41SW
N 55 W, 43SW
N 04 W, 8ONE Rough
N 14 W, 87SW
N 77 W, 72NE
N 75 W, 378SW
N 02 W, 84NE
N 85 E, 13SE
N 50 W, 90NE
N 20 W, 86NE
N 74 E, 50NW
N 12 W, 90NE
N 83 E, 65NW
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Location: Test Pit 4 (cont.) Date: 6/29/88
Face Orientation: Rock Type: LA-~PH
Scanline Orientation: none Recorded by: BC
D (in) L (ft) T Orientation Cc R Comments

N 45 W, 708w

N 48 W, 76SW

N 12 E, 37NW

N 84 W, 23SW

N 75 W, 58NE

N 42 W, 708w

N 57 W, 50NE

N 10 W, 70NE

N 46 E, 88NW

N 05 E, 39SE

N 04 W, 77NE-

N 45 W, 80Sw

N 04 W, 75NE

N 40 W, 80SwW

N 05 W, 8ONE

N 69 E, 59NW

N 80 E, 75NW N face

N 45 W, 558W

N 34 W, 758W

N 88 E, 50NW

N 52 E, 57NW

N 30 W, 82NE

N 14 W, 88NE

N 55 E, 55NW

N 06 W, 72NE E face

N 50 W, 32SW

N 45 W, 85NE

N 05 E, 65SE

N 00 W, 63NE

N 51 W, 86SW

N 64 E, 61NW

N 10 W, 78NE

N 36 W, 87SW
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Location: Texasgulf Geologic Map Date: 7/86

Face Orientation: Rock Type: various

Scanline Orientation: none Recorded by:

D (in) L (ft) T Orientation C R Comments
N 41 E, 73NW T1
N 20 W, 78NE Tl
N 77 E, 64NW Tl
N 32 E, 76NW Tl
N 26 W, 77SW T1
N 73 E, 50NW Tl
N 22 W, 81NE Tl
M 27 W, 68NE Tl
N 71 E, 80NW Tp
N 27 W, 68SW Tp
N 45 W, 75NE Tp
N 00 E, 90NW Tt
N 60 E, 80NW Tt
N 48 E, 90NW Tt
N 82 W, 87SW Tt
N 62 E, 76SE Tp
N 88 W, 64SW Tp
N 65 E, 81NW Tp
N 16 E, 89NW Tt
N 48 W, 84NE Tt
N 41 W, 87NE Tt
N 39 W, 27NE Tt
N 72 E, 82SE Tt
N 19 E, 82NW Tt
N 70 E, 87NW Tt
N 35 W, SONE Tt
N 78 E, 85SE Tt
N 78 E, 87NW Tt
N 42 W, 78NE Tt
N 65 E, 89NW Tt
N 89 W, 258SW Tt
N 30 E, 60SE Tt
N 61 W, 85SW Tt
N 89 E, 81NW Tt
N 25 W, 64NE Tt
N 77 E, 62NW Tt
N 89 W, 70NE Tp
N 90 W, 78NE Tp
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Location: Texasgulf Geologic Map Date: 7/86

Face Orientation: Rock Type: various

Scanline Orientation: none Recorded by:

D (in) L (ft) T Orientation C R Comments
N 41 W, 8ONE Tp
N 51 E, 78NW Tp
N 88 W, 64NE Tp
N 53 W, 70NE Tp
N 75 E, 8ONW Tp
N 52 E, 70NW Tp
N 13 W, 8ONE Tp
N 90 W, 89sw Tp
N 75 E, 84NW Tp
N 49 W, 798W Tp
N 40 E, 72NW Tp
N 75 W, 84NE Tt
N 45 W, 86SW Tt
N 47 W, 708w Tp
N 52 E, 50NW Tp
N 14 W, 37NE Tp
N 08 W, 648W Tp
N 13 W, 61SW Tp
N 06 E, 84SE Tp
N 63 E, 73NW Tb
N 25 E, 82NW Tt
N 15 W, 82NE Tt
N 10 W, 73sW Tp
N 16 W, 728W Tp
N 45 E, 58SE Tp
N 35 E, 30NW Tt
N 61 W, 88NE Tt
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APPENDIX B

EVALUATION OF ROCK STRENGTH PROPERTIES
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Direct Shear Test Set-up

Normal Force (N)

Core Sample
Aluminum Rod

Shear
Force “Natural fracture or
(S) saw cut surface

of area (A)

position fixed

@ Strain Meter (€]

S = 1.742 Ae (determined from calibration)

s
T=-=
A

N
C,= -;'
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Gold Star Pit Point Load Data
Corehole ASC 86-3
Correct Uniax.

Core Platen Point Correction Point Compr.
Depth Sep. Pressure Load Factor Load Strength
(ft) (in) (psi) (1b) (1b) (psi)
37 1.16 2400 3875 0.79 1405 30,900
45 1.34 3400 1780 0.84 1595 35,100
55 1.30 3100 1900 0.83 1525 33,600
65 1.38 3900 1835 0.85 1745 38,400
75 1.02 2300 2050 0.75 1645 36,200
85 1.22 3600 2190 0.81 1955 43,000
95 1.24 3300 2145 0.81 1735 38,200
100 1.34 3300 2500 0.84 1550 34,100
110 1.10 3600 1845 0.77 2270 50,000
120 1.04 3100 2950 0.75 2135 47,000
130 1.14 3350 2845 0.78 2010 44,200
150 0.94 3450 2575 0.72 2790 61,400

Gold Star Pit Point Load Data
Corehole ASC 86-4
Correct Uniax.

Core Platen Point Correction Point Compr.
Depth Sep. Pressure Load Factor Load Strength
(ft) (in) (psi) (1b) (1b) (psi)
75 0.79 1900 613 0.66 2025 44,600
85 1.57 3200 3065 0.90 1160 25,500
95 1.14 3250 1290 0.78 1950 42,900
120 0.87 1400 ... 1865 0.69 1290 28,400
130 1.14 2200 1690 0.78 1320 29,000
140 2.36 1600 1600 1.09 315 6,900
150 1.04 500 460 0.75 345 7,600
155 2.36 700 125 1.09 135 3,000
160 1.02 800 760 0.75 570 12,500
167 1.00 750 745 0.74 1005 22,100
175 1.34 1900 1069 0.84 890 19,600
250 0.83 2000 2940 0.68 2000 44,000
270 1.02 2650 2525 0.75 1895 41,700
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Gold Star Pit
Discontinuity Shear Strength Data

Sample
Number

Orientation
Description and (Discontinuity
Sample Location Group)

130

Barton
Fracture
Roughness

Natural fracture in N 67 W, 52 NE
trachyte porphyry, gray (Group 12)
to white phenocrysts of

potassium feldspar in

gray ground mass; contains

pyrite and small vugs;

iron oxide mineralization

on fracture surface.

From Test Pit 1.

Saw-cut intact rock, --
trachyte porphyry, gray

to white zoned tabular

potassium feldspar

phenocrysts up to 1/2 in.

long in purple-gray ground

mass; trace small mafic

crystals. From Test Pit 1.

Natural fracture in N 75 E, 57 NW
trachyte porphyry, white (Group 1)
phenocrysts of porassium

feldspar in gray groundmass;

contains small amount of

pyrite, and small vugs; iron

oxide mineralization on frac-

ture surface. From Test Pit 3.

Saw-cut intact rock; same --
as Sample 3. From Test
Pit 3.

Natural fracture in N 75 E, 57 NW
trachyte porphyry, gray (Group 1)
to white phenocrysts of

potassium feldspar in gray

groundmass; trace pyrite;

contains small vugs; iron

oxide mineralization on

fracture surfaces. From

Test Pit 3.
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Gold Star Pit
Discontinuity Shear Strength Data
Sample Smaller Normal Peak Shear
I1.D. Diameter Load Stress Strain Force Stress
(in) (1b) (psi) (M) (1b) (psi)
1a 2.185 217.25 57.94 98 170.72 45.52
432.50 115.34 216 376.27 100.34
649.25 173.15 318 553.46 147.72
1B 2.172 217.25 58.63 92 160.26 43.26
432.50 116.73 184 320.53 86.51
649.25 175.23 246 428.53 115.66
2 2.185 217.25 57.94 73 127.17 33.91
432.50 115.34 138 240.40 64.10
649.25 173.15 180 313.56 83.62
4 2.186 217.25 57.88 70 121.94 32.49
432.50 115.24 150 261.30 69.62
649.25 172.99 232 404.14 107.68
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APPENDIX C

COREHOLE LOGS AND STATISTICAL DATA
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