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PREFACE

This report is one of a series documenting the results of the
Swedish-American cooperative research program in which the cooperating
scientists explore the geological, geophysical, hydrological, geochemical,
and structural effects anticipated from the use of a large crystalline
rock mass as a geologic repository for nuclear waste. This program
has been sponsored by the Swedish Nuclear Power Utilities through
the Swedish Nuclear Fuel Supply Company (SKBF), and the U.S. Department
of Energy (DOE) through the Lawrence Berkeley Laboratory (LBL).

The principal investigators are L. B. Nilsson and 0. Degerman
for SKBF, and N. G. W. Cook, P. A. Witherspoon, and J. E. Gale for
LBL. Other participants will appear as authors of the individual
reports.
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ABSTRACT

The report describes the methodology and'resulté of a detai]ed:sfudy
of geologic d1scont1nu1t1es assoc1ated with the time-scale heater test at
the Stripa mine in Sweden. Mapping of the floor of the exper1ment tunne1
coupled w1th observation of core samp]es from beneath the drift 1nd1cate
that four N- str1k1ng shear fractures dip steep]y through the 6x10x25—m rock
mass. Obnlqu‘ nru fau]uing has produuea aisp1acements of up to 2 m on one
of the surfaces, and its 1nferred 3-D configuration is cons1stent w1th ‘
observed slickensiding. Resolution of locally measured principal stresses

on the shear plane yields a theoretical shear direction that also coincides

with the slickensiding.

Four distinct joint sets exist locally, one of which coincides with the
shear fractures. Another lies nearly horizonté], and two others are steeply
inclined. Fracture length and spacing distributions for the four joint sets
are shown to be lognormal. Two of the sets 1ie perpendicular to principal
stress directions. The fact that one of these two joint sets apparently
post-dates other fractufing and is normal to the minimum principal stress

suggests that it is due to isostatic rebound.



1.  INTRODUCTION

In June of 1977, Lawrence Berkeley Laboratory (LBL), and the Swedish
Nuclear Fuel Safety Program (KBS) initiated a cooperative research program
to study the suitability of crystalline rocks for storage of nuclear waste.
Within the program are several different experimental projects, which are
described by Witherspoon and Degerman (1978), Cook and Witherspoon (1978),
and Gale and Witherspoon (1978). The field site for the research is located

in south central Sweden (Fig. 1), at the Stripa mine. The history of mining

FORSMARK

STRIPA
e

sTockHoLm @

SIMPEVARP / ﬁ

&

RINGHALS @

BARSEBACK @
Reactor in operation

Reactor under construction
M
0 50 100km Nuclear power plant
SCALE

XBL 785-968

Fig. 1.  Location of Stripa Mine.



in the area and at Stripa is centuries old; iron ore production at the mine
ceased early in 1977, however. Since that time the mine has been operated as
an underground experimentation site under the auspices of the parent organiza-

tion of KBS, the Swedish Nuclear Fuel Supply Company (SKBF).

The field studies involve two disciplines, subsurface hydrology and
thermomechanical behavior within massive fractured granite. Both aspects of
the program require characterization of the fracture system because of its
recognized importance to the stability of mined openings and the movement of
fluids within the rock mass (0ffice of Waste Isolation 1977). The scope
of characterization, however, depends on the extent of the rock mass
influenced by the individual experiments. The heater experiments affect
Tocalized rock volumes of up to about a thousand cubic meters, whereas the
hydrologic research involves volumes several orders of magnitude larger.
While the latter requires a statistical approach to define the fracture
network, the heater experiments require a more detailed study in which
significant fractures are delineated in the subsurface. This report
describes results of such a study for the "time-scale" experiment, which
is one of the two underground heater tests of Stripa. A similar report is
being prepared concerning the other heater test, which is termed the "full-
scale" experiment. The two experiments and their respective geological
studies differ sufficiently in scope, methodology, and results to warrant
this separatidn. The common objective of the reports, however, is to
define the position and nature of major discontinuities in the heated
regions. The ability to accomplish this depends largely on the quality and

amount of subsurface geologic data available for each region. In a general



sense, the degree of detail which can be acquired is commensurate with the
subsurface sampling, i.e., the "density" of instrumentation boreholes.
Because the full-scale experiment is concerned with near-field effects,
instrumentation drilling is dense near the heaters, and a detailed geo-
logical description can be made. For the timeysca]e test, however, charac-

terization is more general because although the zone of influence is larger,

the sampling density is less.

In seeking to define the fracture system in the time-scale heater
test, this report presents a Timited amount of discrete discontinuity data
coupled with a statistical evaluation of the local fracture network. In
this manner the highly fractured rock between the delineated features can be
represented stochastically. Throughout the report the general term "discon-
tinuity" refers to natural fractures, joints, faults, dikes, or shear zones;
"fracture" denotes any discontinuity except the dikes. Fractures without
detectable displacement are termed joints; fractures with obvious slicken-
sides are "shear fractures." Characteristics of the fractures, such as
types and thicknesses of infilling, sizes, and spacings, will be discussed
mainly statistically. Based on rather 1imited geological information
about the Stripa area, some hypotheses regarding the origin of the fracture
system will be offered. The potential influence of the discontinuities on
local hydrology or the rock mass response to heating are beyond the scope

of the report.



2.  BACKGROUND

2.1 The Time-Scale Experiment

The heater experiments are located approximately 335 m below the
surface in massive granite adjacent to the Stripa ore body. A Tayout of-
the underground site is shown in Fig. 2. The time-scale experiment “is - -
designed to simulate the interactive thermal effects of an array of waste:

canisters over a period of 12 years. Theoretically, this can be accom-
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Fig. 2. General plan of test site.



plished in a l-year period by scaling the dimensions and power outputs of
“the heaters by a factor of 1/3.5. Since heat conduction involves the ratio
of time to squared length, the laws of similitude correspondingly shorten
the time scale by 1/(3.5)2, or approximately 1/12. The array consists of
eight 1-m-Tong heaters arranged in the pattern shown in Fig. 3. The

midplane of the array is located approximately 10 m below the drift floor,

| N
TR I 1 mN
Im 3m—°1 | /
il I
|
||
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o x OE3X o]
AT |
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~ 1
w2 o ||| LEGEND
o MEBoUIT B | | o Heaters (W) ¢ (2Tmm
H wg M | @ Monitoring (M) ®38mm, 56mm, 76 mm
N2 | o Extensometers (E) @76mm/H6mm
B2 I x  Thermocouples (T) ¢38mm
| | | o Geophysics(N) 46 mm
|
R M } |
l | |
| | | - ‘X
| s

A

Fig. 3. Borehole layout in the time-scale drift.
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which should be outside the zone of stress alteration produced by the

5-m-diameter tunnel. Over the life of the experiment, the outer isotherms
produced by the heaters should approach flattened ellipsoidal shapes. The
principal objective of the test is to investigate this simulated far-field
response to heating and thus improve numerical modeling capabilities. Also

of interest are the local effects between the heaters.

To monitor this rock mass behavior, a number of vertical displacement,
temperature, and stress-strain measurements are being recorded at various
locations in the boreholes shown in Fig. 3. The most pronounced deforma-
tions in the rock mass should occur in the central portion of the heater

array where temperatures will be the highest; therefore, instrumentation is

concentrated in that area.

In addition to the geomechanical instrumentation, in situ fluid pres-
sures are being monitored in two 45-m boreholes situated alongside the
heater array, as shown in Fig. 3. As described by Gale and Witherspoon
(1978), each borehole is separated into five equal intervals by hydraulic
packers so that any change in the fluid pressure profile can be detected and
recorded electronically. The vertical N- and M-holes of Fig. 3 are used
for periodic geophysical monitoring of the heated rock mass. For a complete

discussion of this aspect of the instrumentation, refer to Nelson et al.

(1979).

2.2 Geology of the Stripa Mine

The Stripa mine geology has been studied by the Swedish Geological
Survey (SGU), and reported by Olkiewicz et al. (1978). Figure 4 shows
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the surficial geologic setting in the area of the mine. The ore body lies
in a synclinal trough whose axis plunges about 200 to the ENE. The ore

has a relatively high iron content, and is composed predominantly of inter-
banded hematite and quartz with some magnetite concentrations. It is
stratiformly bound within gray to brownish Precambrian metavolcanic rock,
which in European terminology is broadly classed as "leptite." A smaller
ore body lies parallel to the main ore and stratigraphically below it. The
southern limb of this parallel ore is missing above the 200-m mine level,
while below that depth both 1imbs are present. Just below each df thé ore
bodies the leptite is clearly layered, while above it is not. The,ifon ére
is the youngest component of the leptite and occurs as reddiéh brown masses.
A number of diabase and amphibolite dikes transect the leptite and are

visible in the mine Tevels.

The underground test site is located in a massive granite body in
contact with the north 1imb of the leptite syncline. The contact is quife
irregular, but in its area in the mine it strikes ENE and dips steep]y»ﬁo
the SE. The actual heater experiments are being conducted approkimate]y 150
m within the granite, at a depth of about 340 m; The granite most Tikely
post-dates the leptite and is probably connected with one of several pdst-
orogenic Precambrian b1utons in the region. Due to relatively mild tectonism
since the intrusion, there are no gneissic structures in the granite. The
granite is generally unfoliated and varies from gray to light red in color.

Composition of the reddish variety has been reported by Olkiewicz et al.

(1978).



10

Quartz 44%
Plagioclase 39%
Microcline 12%
Chlorite 3%
Muscovite 2%

Accessory Minerals: zircon, opaques

The gray type of granite which predominates in the test areas has a
somewhat higher microcline percentage and less plagioclase. Grain sizes
vary from 1 to 5 mm, with an average of 3 mm. Associated with the granite
are widely spaced pegmatite and aplitic dikes less than 1 m in thickness.

The youngest dikes are diabase, nearly vertical, and strike NNE.

Although 1ittle has been written on the tectonic features in the
mine, previous investigations at Stripa (Geijer 1938) have differentiated
the fractures in the ore body into two categories. One category is related
to shearing between layers produced by the fold deformation, and the other
is described by Geijer as more recent and "steeply dipping" (no average
strike direction mentioned). The fold-related fractures in the ore body
tend to be steeply inclined and strike in an ENE direction, although these

are also nearly horizontal faults.

Major fractures throughout the various drifts in the granite formation
have been broadly surveyed by SGU and reported by Olkiewicz et al. (1978).
Compilations of fractures over an extensive area show a clear dominance of
those that dip steeply to the north, except in the heater experiment areas,

where many fractures dip to the south. Two general strike directions
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persist, according to Olkiewicz et al. (1978). One is evenly distributed
from north to east; and the other is concentrated between northwest and
west. These surveys indicate that the great majority of the fractures are
visibly closed, and water seepage consists only of damp surfaces or slow
drips. Fracture filling materials are primarily chlorite, and occasionally

calcite.

3. SOURCES OF DATA

The work of Olkiewicz et al. (1978) provides a general description of
geologic discontinuities in the underground test area. The interpretation of
the time-scale experiment, however, demands a more detailed characterization.
over a smaller area. Locating the positions of discrete major features
beneath the drift floor required (1) a detailed floor map of surficial
discontinuities, and (2) complete core logs describing subsurface features.
The majority of the subsurface interpretation for the time-scale drift could
not be performed on site, hence secondary information included (a) stereo-
photographs of the floor and walls of the drift, and (b) color photographs of
the logged core samples taken from the drift. The data bases are described

further below.

3.1 Floor Mapping

Underground-fracture surveys typically involve mapping features from
the walls and roofs of drifts (Knill and Jones 1965; Kendorski and Mahtab
1976). In order to trace individual features beneath the drift, it was
necessary to inspect the floor--a task that required much preparatory work.
First, the newly excavated 6x6x32-m entry was scaled of loose rock and thor-

oughly cleaned to facilitate geological mapping. Next, a 1xl-m horizontal
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grid was painted on the floor, oriented parallel to the drift centerline, and
hence tied into the overall mine survey system. Mine elevations were measured
at the painted coordinates to provide some representation of the irregular

floor topography, which has a relief of 0.5 m or less.

The floor was mapped square-by-square, starting at the end of the
drift and progressing back toward the entrance. To facilitate the process
and improve accuracy, a 1lxl-m square frame, with 0.1-m graduations along its
side, was positioned over the grid points, as depicted in Fig. 5. This

allowed fracture positions to be visually estimated within each square

Fig. 5. Use of 1xl-m reference frame in fracture mapping.
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to an accuracy of about * 5 cm. Features were sketched onto a 20:1 base map,
which represents the outcrop boundaries of fractures, veins, and dikes. The
map thus corresponds to what could be traced directly from a photomosaic,
except that much more detail can be recorded in field mapping. With this
method the topography of the drift floor tends to be reflected in the
irregular traces of mildly dipping fractures. In most cases of nearly
horizontal features, however, much of the coated surface was exposed and
mapping in two dimensions was troub]esome. For this reason, and also

because of geometrical biasing, nearly horizontal features (less than about

30° dip) were not included in the floor map.

Virtually all other steeply dipping features with trace lengths greater
than about 0.3 m were mapped. Normally, the dip angles of major discon-
tinuities were determined; for minor fractures only relative dip directions
were recorded. The mapped traces of all fractures represent average strikes,
assuming mild surface relief. Type and thickness of fracture coating
and changes in rock were briefly noted during mapping. The resulting

detailed floor map is shown in Fig. 6 and discussed further in Section 4.

3.2 Core Logs

Thirty-two instrumentation and heater boreholes were drilled vertically
in the time-scale drift to an average depth of about 12 m. Core samples
oriented with respect to the drift centerline were taken from seventeen
of the holes that were 76 mm or greater in diameter. These include the
E, M, and H holes, concentrated in the central portion of the heater layout

(Fig. 3). In addition to the vertical boreholes, two inclined 76-mm-diameter
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holes are drilled downward alongside the heater array such that they cross
the transverse axis of the array at the heater midplane. A complete discussion
of the drilling and sampling process is given by Kurfurst, Hugo-Persson, and

Rudoiph (1978).

Fracture logs of all core samples were prepared in tabular form and
contain the following data.

-~ rock description

-- depth and types of discontinuities

-- surface characteristics of discontinuities, including planarity,

roughness, and weathering
-- orientations of discontinuities with respect to core axis and
drift centerline direction (excepting non-oriented core).

Loys for the oriented core are included in Appendix A. Thin sealed frac-
tures, typically filled with chlorite, were not usually logged. For this
work, fractures that were open in the core were assumed to be relatively
weaker than all others, and hence more significant from an engineering
standpoint. However, this apparent weakness probably was also a function of
the drilling and handling technique. To illustrate, several fractures that
were opened by rough handling showed distinct slickensiding, which should
represent planes of weakness in the rock mass. It is reasonable that the
cohesion of a fracture can vary across its surface, so a fracture sealed in
the core sample may not necessarily be closed elsewhere. Hence, important
features may not always be sampled consistently when drilling technique
varies and only open fractures are logged. The significance of this bias in

the fracture logging remains to be investigated.
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Since the interpretive part of this study was not conducted at the
test site, the sealed fractures in the core could be identified Tater only
by examining photographs of the cores. Reduced copies of these photographs
are shown in Appendix B. Several of these pictures provided crosshole
correlations of major sealed discontinuities, as discussed further in

Section 4.

3.3 Comparison of Data Sources

In synthesizing surface and subsurface information, it is desirable to
have data bases that are consistent in terms of their relative fracture
frequency. It is assumed here that if sampling frequencies are similar,
the same class of fracture is being compared. To demonstrate the compat-
ibility between the fracture mapping and the core logging, the average
fracture frequency was plotted for various sample lengths. For the detailed
fracture map, sample lines were taken 1 m apart in the longitudinal and
transverse directions, which is comparable to the spacing of the boreholes.
Fracture frequency was computed as the total number of fractures counted
over a given sample length, divided by the sample Tength. For example, if a
2-m sample line had five fractures crossing it over the first meter and
seven over the second, three frequencies would be recorded: five and seven
fractures per meter for two 1-m sample Tengths and 12/2, or six fractures per
meter for the overall 2-m length. Results from the floor map are presented
in Fig. 7, which shows a maximum frequency of about fourteen fractures per meter,

and an average frequency of about six fractures over the entire floor.

A similar plot of the borehole fracture log data has been developed
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by dividing the number of consecutive logged fractures by the distance
between the first and last. In this instance the measurement Tength is
variable. If, for example, a log showed three fractures at successive

depths of 1.0, 1.2, and 1.5 m, three frequencies would be calculated:

(a) 2/(1.2-1.0) = 10 fractures/meter (0.2 m measurement length)
(b) 2/(1.5-1.2) = 6.67 fractures/meter (0.3 m measurement length)
(c) 3/(1.5-1.0) = 6 fractures/meter (0.5 m measurement length).

[f the nunber of consecutive fractures is varied from two up to the total
number in a particular log, a distribution of frequencies is obtained for
that hole. Figure 8 is a composite plot of such data for all of the time-
scale fracture logs. The peculiar shape of the data near the origin results
from dividing a discrete number of fractures by random lengths; i.e., f(x) =
n/x. The bimodal shapes of both distributions are probably due to varia-
tions in drilling techniques and borehole sizes, which cause different

nunbers of fractures to open upon retrieval of the core. The maximum
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Fig. 7. Fracture frequencies Fig. 8. Core log fracture frequencies.

from detailed floor map.
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frequency for measurement lengths of 1 m is about 14, which is commensurate
with the frequency shown in Fig. 7. Both distributions have similar

overall shapes and average frequencies of about six fractures per meter--hence
the data bases are judged to be compatible. Neither can give an indication
of the-actual fracture frequency in the granite, however. This can be accom-
plished by examining the core photographs in detail, counting all fractures,
regardless of length, thickness, or degree of openness. All visible frac-
tures in the photos were counted over random core lengths, and the computed
frequencies are plotted in Fig. 9. Comparing Fig. 9 with the previous
figures indicates that the actual fracture frequency in the rock mass is
likely to be two to three times greater than that observed in the core logs
or fracture map. The disparity can be rationalized by recognizing that both
data bases used in this study preferentially sample the more significant
fractures, that is, those which are longer (>0.3 m) and weaker (open in

the core).
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! |

Measurement length {m)
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I
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Fractures per meter

XBL 799-11315

Fig. 9. Fracture frequencies for all fractures visible in core
photographs.
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4,  DETERMINISTIC CHARACTERIZATION OF DISCONTINUITIES
4.1 Methodoloyy

Determination of the three-dimensional network of discontinuities
was basically a process of correlating major observed surface features
w%th the core information. Because of the discontinuous nature of rock
joints, this was considered possible for only a few prominent and continuous
features, j.e., the fractures and the single pegmatite dike shown in Fig. 10.
These were therefore delineated first in the detailed surficial map of the
floor (Fig. 6). Criteria for this designation were length, surficial
continuity, and filling thickness. Fractures which extended over many
meters or which were traceable throughout the floor, walls, and roof of the
drift were considered significant and likely to extend to depths comparable
to their observed or mapped lengths. Fractures which tend to offset other
. features, as well as being relatively Tong, were considered to be most
extensive in area. The fractures in Fig. 10 typically have mineralization
thicknesses ranging from several millimeters to several centimeters, as
opposed to a millimeter or Tess for the majority of the fractures shown in

Fig. 6.

The subsurface (subfloor) positions of the major features in the floor
map were estimated by assuming the surfaces were planar, then calculating
expected positions in the nearby boreholes. The equation of such a fracture

plane in cartesian coordinates is given by
A(X'Xo)+B(.Y".YQ)"'C(Z'Z()):O:
where Xg, Yo, and zgy are coordinates of a known, or mapped point in a

plane and A, B, and C are the direction cosines of the normal vector to
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the plane. Letting x and y be the horizontal coordinates of a particular
vertical borehole, then solving for z, gives the elevation at which the
plane should intersect the borehole. Fractures described in the core log or
observed in the core photographs could then be compared with the extrapo-
lation. Since fractures generally are not perfectly planar, the actual
intercept (if present) was usually some distance above or below the extapo-
lated position. To account for a fracture's waviness and to help delineate
the zone in which it might be found, the extrapolation was made from several
different points along the mépped fracture trace. Selection of the most
reasonable candidate fracture in the core was a trial-and-error process
based on (1) its proximity to the extrapolated positions, (2) similarity of
surface and subsurface orientations, and (3) similarity of filling charac-
teristics. Further correlation of a fracture to deeper locations was made
in the same manner, using local borehole orientations and hole-to-hole
extrapolation. Fractures were projected to a maximum depth of about 13 m
pelow the drift floor, or 3 m below the midplane of the heater array. Since
few boreholes extended to this depth, further extrapolations would have been
speculative at best. Likewise, the Tateral extent of fractures was extrapo-
lTated only 1 m beyond the periphery of the heater array. Boundary coordi-
nates for the fractures were estimated as the mean of mathematical projec-

tions from nearby mapped or correlated locations.

Surface-to-subsurface correlations provided what can be considered

"first order" attempts to find major continuous features. The second

and more speculative type of correlation attempted to delineate major

fractures not intersecting in the drift. Because of the vertical orien-
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tation of boreholes, these types of fractures would be primarily sub-
horizontal. Despite the large number of fractures in the core samples,
reasonable evidence of single fractures continuing from one borehole to the

next was difficult to find.

4.2 Results

Following the trial-and-error procedure described above, it was pos-
sible to delineate the subsurface locations of four of the major through-
going fractures shown in the floor map. These are members of a set which
strikes N-S and dips 559 to 700 to the west. The boxed numerals in Fig.
10 indicate the four fractures in the floor map. In general, they tend to
offset or truncate other features. The most prominent feature, a fracture
labeled 3, is visible near the H3 borehole and strikes transverse to the
centerline. The outcrop of this fracture is marked by a relatively thick
coating of epidote and chlorite. Over most of its expression the infilling
is 1 to 2 cm thick, but in at least two areas where other fractures inter-
sect it, the epidote thickness reaches 5 to 15 cm. Slickensides are visible
on the fracture walls, oriented at roughly S60W. Because of this clear

evidence of movement, it is designated here as a "shear fracture."

The other three fractures which were traced into the subsurface are
similar in orientation and infilling mineralogy. Their mapped expressions
are thinner and more irregular, however, and may actually represent narrow
zones of fracturing. Figure 11 shows the four fractures in a vertical

profile through the centerline of the heater array. This is perhaps the

simplest and most useful profile, since the apparent dip of the fractures is
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very near the true dip, and their spatial relationship to the majority of the
heaters and instrumentation boreholes can be seen easily. Correlated
intercepts from boreholes not on the centerline can be combined with points
on the centerline profile to produce three-dimensional representations of
the fracture surfaces. The correlated borehole locations and the extrapo-
Tated boundary points for a particular fracture form the vertices of con-

tiguous triangles, whose composite gives an approximation of the overall

surface waviness.

Figure 12 shows a series of orthographic projections of the four fractures.
Beginning with the plan view oriented as shown in Fig. 12a, the figure is
rotated about the observer's horizon in Figs. 12b and 12c. The horizontal
axis of rotation has been selected approximately perpendicular to the direction
of shearing observed on fracture 3. At an inclination of about 450 above
the horizontal the projected width of this fracture reaches a minimum, which
is consistent with the small amplitude of waviness one would expect to
observe in the direction of shearing. The amplitude does not appear to be
zero, however, because (1) the boundary points are only extrapolated, and (2)
the lines connecting the points have been arbitrarily assigned. Since the
boundary points were determined from local (borehole) fracture orientations,
they may not conform well with the average trend of all borehole intercepts.
Hence, the true linearity of the surface in the direction of shearing can be
better assessed by ignoring the extrapolated points. This has been done in
Fig. 13 for the 450 view in Fig. 12c. The overlap of points in Fig. 13

suggests that sliding is kinematically possible in the viewing direction
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Fige 12. Three-dimensional views of the four continuous fractures
passing through the heater array.
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Figy. 13. View of fracture no. 3 borehole locations, parallel to
direction of shear. Extrapolated points are excluded.
Points Tabeled "S" represent mapped surface locations.

and, therefore, the credibility of the three-dimensional configuration shown

is strengthened.

Along with the four major fractures, a 20-cm-thick pegmatite dike
passes transversely through the time-scale heater array, as shown in
Figs. 6, 10, and 11. It is one of a series of widely spaced dikes which
strike NNE and dip steeply to the east. Grain size of the pegmatite aver-
ages about 1 cm. Much of the fracturing post-dates the pegmatite, as seen
by the offsets in its detailed mapping. Most of the offsets are Tess than
about 20 cm and, at depth, it is difficult to infer such small irregular-
ities from available borehole data. However, from hole-to-hole corre-
lation, it is evident that an offset of about 2.0 m in the pegmatite must
occur at a depth of about 8 m. Fracture 3 is most likely responsible for

this faulting, as depicted in Fig. 11. Based on the offset and slicken-
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siding, the type of movement is oblique-thrust, with the direction indicated

in Figs. 12 and 13.

A compilation of all subsurface points that define the four major
fractures is given in Tables 1 through 4. The fact that some sealed frac-
ture locations and orientations were estimated from core photographs makes
the results no less reliable in light of the previous discussion concerning
cohesive strength of a fracture surface. This is illustrated by the inter-
section of fracture 3 with the H8 borehole (Table 3). Although the surface
expression of the fracture near H8 is extremely clear, and one would expect
to find a very prominent trace of it at a depth of 1 to 2 m in the core,
only a sealed, unlogged fracture of the appropriate orientation was dis-
covered in that interval. This observation and similar occurrences shown in
the tables, indicate that what may appear to be a significant discontinuity

in one area may be less obvious a short distance away.

The three-dimensional fracture delineations described above may not
represent reality, however. Major features could actually be composed
of one or more closely spaced fractures, as evidenced by the many fracture
zones shown in Fig. 6. Our limited subsurface information allows us to
assume only discrete, single-surface representations»of the major features.
More detailed data from future in situ hydrologic or geophysical tests in the

time-scale drift could either confirm or refute this assumption.

The four continuous faults certainly do not constitute a complete
characterization of the fracture system. Virtually thousands of other

fractures can be identified in the drift, most of them discontinuous with
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Subsurface coordinates of fracture 1.

Observed location

B2
Local (TSE) Observed & %
- = coordinates orientation B
2, | "8I 2E (meters) {degrees) @ o Remarks
[« 2 J] o o (=] T -
0 aﬂt ﬁf» — 8
25 85| &8 Dip z_
2 | £Y] 88 X Y z Dip | azimuth | £~
X 3.0 | - 9.5 8.60 60 310 -- 1-3 cm epidote; highly
fractured zone
X - .3 -10.6 8.65 60 330 - 1-3 cm epidote & chlorite;
curved portion
X -2.0 | -10.6 8.65 60 330 - 1-3 cm; several other
parallel fractures
M2 6.271 0 - 7.0 3.37 60 330 | Log 2-cm sealed epidote 20
N2 10.451 0 - 4.7 | -0.7 70 -- | Photo | Dip azimuth uncertain
N1 11.73} 0 - 3.9 1.98 65 -- | Photo | Dip azimuth uncertain
H6 10.5 3 - 3.5 | -0.7 w60 | 320-340 | Photo | Several sealed 1-2 cm
parallel fractures
0 -4,5 1-3.0 -- - -- Extrapolated from N1 & N2
-4 - 3.6 |-3.0 - -- -- Extrapolated from M2 surface
4 -2 -3.0 - - -- Extrapolated from H6
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Subsurface coordinates of fracture 2.

Ubserved location

E @
Local (TSE) Observed g =
- —_ coordinates orientation prgs
2 "y RE {meters) (degrees) 3w Remarks
o el -] [«] T~
£ .0 U Y- = < -
25| 85| B3 Dip | g2
(ol =4 [1~J"} o Q 5 : [o =4
2 = 29 X Y z Dip | azimuth T -~
4.0 | -6.81 9.8 68 310 -- Extrapolated horizontally
from mapped exposure
X - .48 -8.14 9.7 65 310 -— 2-5 cm epidote & chlorite;
-70 highly fractured zone of
Tight-colored granite
-4.0 | -9.7 9.7 71 310 - Extrapolated horizontally
from mapped exposure
M2 1.8 0 -7 7.84 60 ~330 Photo | Sealed, parallel fracture
i -70 zone below
N2 5.2 0 -4.7 4,6 60 -- Photo | Sealed, <1 cm;
-70 orientation uncertain
N1 7.1 0 ~-3.9 2.7 60 - Photo | Zone of sealed fractures;
-70 orientation uncertain
H3 8.39| 0 -3.5 1.4 70 315 Log Open, >1 mm; several other
parallel fractures above &
below; all chlorite
Hé 7.041 3 -3.5 2.73 63 320 Log Open, >1 mm; several other
parallel fractures above &
below; all chlorite
ES 10.64| 1.5 | -1.78 | - .86 75 300 Log & | Many sealed parallel frac-
photo | tures in 0.5-m zone above
Mh 12.75| -3.0 | -2.5 -3.0 60 320 Photo | Sealed, <1 cm; several
others with 0.3 m
M4 13.86| 2.5 0 -4.16 55 340 Photo | Sealed, 1 cm; dip uncertain
0 -1.92 | -3.0 -- Extrapolated from H3
4 - .32 | -3.0 -— Extrapolated from H6, E5
& M4
-4 -2.7 -3.0 -— Extrapolated from M5
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Subsurface coordinates of fracture 3.

Observed location

'80)
Local (TSE) Observed c g
o = o E coordinates orientation =4
— ol == (meters) (degrees) S o Remarks
O = © o (=] o -
s3] 2% | §5 =3
5€152| 58 Dip | 5.
8| E 8% | X y z Dip |azimuth | 2+
4.0 | -3.01 9.7 60 330 -- Extrapolated horizontally
from mapped exposure
X 1.75 | -2.87 9.7 63 320 - 10-15 cm epidote; curved
portion
X -1.0 | -3.58 9.7 64 310 - 5-10 cm epidote
-4.0 | -4.62 9.8 65 310 -- Extrapolated horizontally
from mapped exposure
ES 2.151 1.5 | -1.78 7.63 60 315 Log Open; 1 mm chlorite
H8 0.94 | -3.0 | -3.5 8.88 65 325 Photo | Sealed; 2-3 cm thick
5 2.331-3.0 | -2.5 7.43 70 315 Log Open; 1 mm chlorite
M4 4,76 | 2.5 0 4.93 55 ~325 Log Open; 1-5 mm epidote
El 5.83¢1 0 0 3.94 50 315 Log Open; 1-2 mm chiorite;
parallel fracture 10 cm
below
E4 6.82 | -1.5 0 3.11 65 295 Log Open; 1 mm chlorite
(questionable correlation)
E2 7.76 +1.75 2.19 55 305 Log Open; 1 mm chlorite
E3 8.97 +2.62 1.1 60 305 Log Open; 1 cm chlorite; shear
azimuth = 240-250
H1 10.851 0 +3.5 - .76 70 325 Log Open; 1 mm chlorite
H5 9.70 | 3.0 | +3.5 0.20 25 330 Photo | Sealed; 1 cm
4.0 | +1.75 3.28 -- - -- Extrapolated from M4, H5
& surface
4,0 1+45.0 -3.0 -- -- - From H5
1.5 | +4.7 -3.0 - - - From H5 & HI
-4,0 |+43.7 -3.0 -- - -— From H1 & 3
-4.0 | +1.25 |-1.04 -- -- - From E2, E3, E4 & M5
-4.0 | -3.0 8.11 - - - From M5, H8 & surface
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Subsurface coordinates of fracture 4.

Observed location

34

T2
Local (TSE) Observed =
- —_ coordinates orientation -
2 Ty LE (meters) (degrees) 5w Remarks
o - el o o -
< W U4 | £ o — O
[N [T Q D.lp (8]
- £ a3 L Q A - =
22 |2Ev|88 X Y y4 Dip | azimuth | 2.5
4.0 +5.63 | 10,0 60 315 -- Extrapolated horizontally
from mapped exposure
X 0.35¢ +4.73(10.1 56 315 -- 2-5 cm chlorite
-4.0 +3.5 9.9 60 315 - Extrapolated horizontally
from mapped exposure;
highly fractured zone;
chlorite
M1 3.521 0 +7.0 6.80 Photo | Sealed; 1 cm thick;
multiple fractures
H2 9,98 0 +10.5 0.46 Log
4.0 +8.8 5.08 -- -- - Extrapolated from surface,
M1 & H2
4.0 | +12.85| -3.0 -- - -- From H2
-4.0 | +11.45] -3.0 - - -- From H2
-4.0 +8.8 2.03 -- -- - From H2, Ml & surface
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respect to the four shear fractures. Although subsurface correlation

of the secondary features is, thus, difficult, attempts were made in this
study to determine the subsurface expressions of all features shown in Fig.
10. This proved very difficult below about 5 m from the surface. The
majority of the discontinuous surficial features were either truncated, or
they extended out of the zone of heating by that depth, and thus their
delineation near the surface would be largely superfluous. Alternatively,
the steeply dipping fractures shown in Fig. 10 that strike parallel to the
drift were impossible to detect at depths of 8 to 12 m, since they seldom
intersected the vertical boreholes. As mentioned previously, mathematical
and yraphical attempts to correlate sub-horizontal features between bore-
holes were unsuccessful. While this supports the claim that few continuous
fractures pass through the experiment, it is clear that a more general
approach is required to characterize the local rock mass. Accordingly,
fracturing in the regions between the four main faults will be described

statistically in the following section.

5. STATISTICAL CHARACTERIZATION OF DISCONTINUITIES

In lieu of precise determination of actual fracture locations in
the subsurface, the best approach is to combine all available data into
a statistical imodel of the fracturing by describing the discontinuous
fractures between the major continuous features according to distributions
of size, spacing, and orientation. To provide an adequate sampling base,
all vertical borehole data have been combined, and therefore possible
variations in the discontinuous system are not represented. Using the

results presented here--that is, by combining the four continuous features,
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the pegmatite dike, and\a discontinuous fracture network--a generalized
model of the Tocal rock mass can be synthesized. It is beyond the scope
of this report to formulate a numerical simulation, which properly belongs
with the interpretation of thermomechanical or hydrological test data.

Three important fracture parameters, orientation, size, and spacing, as well

as infilling characteristics are discussed below.

5.1 Fracture Orientations

A distribution of orientations can be developed by stereographically
plotting the normal vectors (poles) of all fracture planes logged in the
boreholes. Using a counting circle of 10° radius (1.5 percent area) on
the surface of the unit sphere, the original plot of poles can be discre-
tized and contoured. Fig. 14 shows the resulting contour map, plotted
on an equal-area projection, for 827 fractures in the time-scale vertical
boreholes. Contour intervals represent the percentage of fractures per
1.5 percent area. As labeled in the figure, there are three distinct
fracture sets, plus a fourth which is less certain. Although localized
statistical variations in fracture orientations are not analyzed here,
stereonet plots of fracture planes from individual core logs are provided

for reference in Appendix C.

Set 1, though pooriy defined, is significant because it roughly corres-
ponds in orientation to the four major features described above. Set 2 also
corresponds to fractures already identified by the surface mapping, that is,
those striking nearly parallel to the drift centerline and dipping steeply
to the northeast. While most jofnts in set 2 are clustered about the mean

pole as shown, the distribution is noticeably skewed toward the south. This
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Fig. 14. Contour diagram of fracture poles from time-scale experiment
boreholes. Contour intervals represent percentage of points
per 1.5 percent area (10 degrees counting radius), based on a
total of 827 points. Numbers in boxes show mean orientations
of respective joint sets.

“shoulder" could actually be a fifth joint set, but for simplicity it is
considered part of set 2. Sets 3 and 4 are more evenly distributed about
their means. Set 4 is generally parallel to the floor, and therefore it is
not represented in floor mapping. Visual inspection of the walls of the
underground site, however, has shown this set to be pervasive throughout the
granite. Joint set 3 is the predominant cluster in Fig. 14 in terms of
sampling frequency, yet relatively few of these fractures appear in the
detailed fracture map. This Tack of correspondence probably arises from the

lower-bound length of fractures in the map; that is, most joints in this set
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probably have trace lengths less than 0.5 m, and thus they were not rou-

tinely mapped. Fracture lengths are discussed further in Section 5.2.

Mathematical distributions for the four fracture-set orientations
have not yet been developed. Although their mean pole directions are
evident, it is clear that sets 1 and 2 do not conform to a simple spherical
normal distribution; that is, there is covariance between the solid angle
and azimuth of poles relative to the mean pole direction. In contrast, sets
3 and 4 appear to be normally distributed, but their contours overlap to
form a bimodal distribution. Because of these non-uniformities, a more
complete statistical analysis of the four fracture-set distributions will

be reported in the future.

Several simplifying assumptions can be made in order to study frac-
ture size and spacing variations. First, it is possible to approximate the
boundaries of each cluster in Fig. 14. The average, or random, density of
827 poles on the hemisphere is 12.5 poles per contouring circle, which
corresponds to the 1.5 percent interval in Fig. 14. This is taken as the
"significance threshold" of the clusters, and forms a logical boundary.

The individual cluster boundaries are therefore comprised of the 1.5 percent
contour plus arbitrary boundaries drawn between sets. In this manner, the
signficant concentration of poles (> 1.5 percent contour) is delimited into
the four sets, as shown in Fig. 15. The boundaries have been linearized in
order to facilitate the assignment of appropriate set numbers to fractures
in the core logs and floor map. The major assumption here is that the

fracture sets do not overlap. Note that orientation distribution functions
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Schmidt Net
lower hemisphere

XBL 799-11321

Fig. 15. Generalized fracture set boundaries corresponding to 1.5
percent contour.

have not been defined for the sets; the sizes and spacings of fractures

within a set are assumed to be independent of orientation.

5.2 Fracture Sizes

In order to estimate their sizes, discontinuous fractures are assumed
to be disc-shaped with a distribution of diametral lengths. This character-
ization has previously been adopted for analysis of joint traces (Barton
1978). The detailed fracture map supplies trace lengths, provided that
fracture set ygroupings can be made according to the following discussion.
The angles of dip for minor fractures were not routinely measured during the

floor mapping. However, sets can be generalized according to dip direction,
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and hence pole direction. Using Fig. 15 to indicate the appropriate ranges
of pole azimuths, fracture set boundaries can be broadened as shown in Fig.
16. Dip angles of fracture planes range from about 300 to 800 for each

of sets 1, 2, and 3, which yield 1imits on pole inclinations as shown. These
angular limits arose from the fact that (1) subhorizontal fractures were

not usually mapped, and (2) dips of 800 to 90° were considered vertical

and were so designated in the map. Using Fig. 16, the fracture sets in the
floor can be identified to within 100 to 209 of their configurations in

Fig. 15. Due to the bias against subhorizontal fractures, set 4 was not

included in this survey.
Trace lengths of fractures falling within the Fig. 16 boundaries were

Mine

Schmidt Pole Plot
lower hemispheres

XBL 799-11322

Fig. 16. Generalized fracture set boundaries for analysis of mapped
fracture lengths.
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scaled from Fig. 6 to the nearest 0.1 m. Length-frequency histograms for
these tabulated data are shown in Figs. 17a, b, and c for sets 1, 2, and 3,
respectively. The probability p of equaling or exceeding each of the
given fracture lengths can be calculated according to the Weibull

plotting position formula:

where n is the numbér of observations, and m is the rank of the fracture
length, the longest having m = 1 and the shortest having m = n. Plotting
these data in lognormal probability form yields the cumulative fre-
quency distributions shown in Fig. 18. The best linear fit through the
data is provided by the lognormal distribution function, the equation for

which is given by Chow (1964):
log x = Tlog x + K'G1og x (1)

The variable x is the fracture length in meters, log x is the log-
arithinic mean, and the standard deviation for the distribution is G]Og «

The K term is related to the normal probability function by
K
exp (-K%/,) dK (2)

-00

Values of the exceedence probability, P(X > x), for various values of K
can be found in normal probability tables from most statistical handbooks.
For clarity, the linear K axis is plotted alongside the probability axis
in Fig. 18. Nonlinearity at the ends of each set of data is due to

the lower bound on mapped fracture lengths (about 0.3 m) and the upper
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Fig. 18. Cumnulative lognormal fracture length distributions.

bound set by the dimensions of the drift (e.g., about 7 m for set 1). For
purposes of representing the local fracturing, however, the relevant range of
lengths is given adequately by the three distributions. As shown in Fig. 18,
Teast squares fitting of Eq. (1) to the sets of data gives the respective

mean and standard deviation values listed in Table 5.

Table 5. Fracture length distribution parameters.

Set no. Mean length {m) Standard deviation (m)

1 1.25 2.20
2 0.81 2.29
3 0.58 2.00
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The cumulative distributions of Fig. 18 give the exceedence prob-
abilities, rather than the discrete probabilities, for given lengths of
fractures. In other words, Fig. 18 shows that there is a 50 percent chance
of finding a fracture in set 1 whose length is greater than 1.25 m, but only
a 10 percent chance of finding one greater than about 3.4 m. To determine
the probability of finding a fracture of some given length, the probability

density function

(3)

p(x) = 7 exp [—(y-y)z/ZGyz}

must be used, where y = logx and Oy and y are from Table 5.

5.3 Fracture Spacings

Fracture data from the vertical boreholes were used as a basis for
analyzing the spacings between fractures of the four sets. For each core
1oy, spacings relative to the core axis (i.e., vertical) were computed for
consecutive fractures of the same set. For the analysis, fracture sets were
delimited according to the boundaries shown in Fig. 15. For example, if
three successive fractures in set 4 were found at depths of 1.5, 2.0, and
3.0 m in a given borehole, two spacings, 0.5 m and 1.0 m, would be recorded.
Fractures of any other set lying within 1.5 to 3.0 m would, of course, be
ignored. Following this computation procedure for all core logs, the

histogram plots shown in Figs. 19a-d were developed.

Again using the Tognormal probability distribution, the exceedence

probabilities are represented by Figs. 20a and b. In order to determine



3 T 1 j T T T T T T T T
5 - _
4 - (a) sett E
oy
[=
g 34 .
g
w
2 - o
14
i T T T T T T T T 1
o 1 2 3 4 5 6 7 8 9 0 1112
Vertical spacing (m}
¥BL 799-11239%
850 T T T T T T T T T
45 - 4
40 - -
357 (c)set3 7]
)
% 30 -
;:) 25 -
L
20 ~ __
154 _
10 ~ B
5 i
0 byde p oo
1 2 3 4 5 6 7 8 9 10 1t 2
Vertical spacing (m)
¥BL 799-11301
Fige 19. Vertical fracture spacing-frequency

45

joint sets.

22
20
18
16 (b)set2
14
oy
5 12
=
g 10
L
8
6
4
2
0 I
o | 2 3 5 6 7 8 9 10 It 2
Vertical spacing (m)
XBL 79%-11300
T 1] T T T T T
(d)set4 b
Foy
[=g
[
=] |
g
[
0
T T T T T T T
5 6 7 8 9 10 11 R

Vertical spacing {m)

XBL 799-11302

histograms for all four



46

uL sbuLoeds 84nijoeds 4O SUOLINGLULSLP [euuoubo| dALIE|NWN)

POETT-66L 18X

A
Ge 02 G 0Ol S0 O S0- 0)- Gl1- 02- G¢-
L T N f T T i i T T N

(%) A4iiqogqosd aouapaacxy
I'0 Il 2 6 O 020 05 O0L0B 06 G6 86 66 666
T T

r T T T T T 1 T 1 l_ A T T T ]

T
|

T
!

N+G6b "+ GEb =5 Bol /

€ 13S /

T TT
Lifl

=

19S 7

- vggses (q) -

o

20

<
o

@ Q
o O

Q
ol

(sJ948W) Bjoyasoq w bulonds joalseA

09

08
ool

*UOL]J3JLP |BOLIJDA
‘02 *fLd

£0ET1-662 18
A

ge ¢ Sl I S0- 0O G0- |- Gl-
= . T

¢- G§72¢-

(%) Ai111gpgosd 8duapaedx3

0. 08 06 56 8666 666

o 12 6 O o020 08
L

L T T T LI T T T ° \~ T T T

e 69+ .61 - = s DOl
}18S

28l sies (D)

|

1

1

o

20

14e
g0

80
o)}

0¢

ov

09
08
ool
oel

(s4838W) sjoyaloq ui buopds |DaNIAA



47

the perpendicular spacings between parallel-dipping fractures it is neces-
sary to multiply the observed spacings by the cosine of the dip angle
(Terzaghi 1965). Since the orientations of fractures vary within a set,
however, the dip of the mean fracture plane must be used to estimate the
correct spacing. Parameters describing the vertical and corrected spacings

are listed in Table 6.

Table 6. Fracture spacing distribution parameters.

Mean vertical Standard Mean dip Normal
Set no. spacing {(m) deviation angle (°) spacing
1 0.73 4,98 41 0.55
2 0.50 3.28 59 0.25
3 0.32 3.13 39 0.25
4 0.42 3.47 0 0.42

Vertical spacing distributions in Figs. 20a and b appear to be less
linear than fracture length distributions in Fig. 18. This non]inearity
and the more pronounced irregularities in the plotted data are most prbbab]y
due to the sampling bias of the core logs; that is, sealed fractures were
not routinely loygged. The lognormal distributions fit the data well enough,
however, to be useful in statistical representations of fracturing. Equation

(3) should be used as the stochastic generator for discrete fracture spacings.

5.4 Fracture Infilling Characteristics

The most common mineralization observed in the fractures is chlorite,

second is calcite, and third is epidote.*  Other minerals identified in the

*Current mineraloyical-petrological studies will determine more definitively
the nature of fracture-filling material.
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core logs include mica, pyrite, and fluorite. Based on the 827 natural
fractures logged in the vertical boreholes, the percentage occurrences are
given in Table 7. It is common for a fracture to have two or more types of
mineralization, and no predominance of a filling in a particular fracture

is indicated.

In order to correlate the types of infilling with the fracture sets,

equal-area stereonet plots of poles to fracture exhibiting the three major
types are given by Figs. 21 a, b, and c. Percentage occurrence data for
each set are summarized in Table 8. Chlorite is common to all four fracture
sets, while calcite tends to be most concentrated in sets 2 and 3. Epidote

is most commonly associated with sets 1 and 2, but less frequently found in

sets 3 and 4.

A similar presentation of fracture infilling thicknesses shows that
the great majority are less than a millimeter wide. Figure 22a, b, and c
shows the orientation distributions of fractures of increasing thickness.
These data are summarized in the form of exceedence, or cumulative prob-

abilities, in Table 9. Comparison of Figs. 15 and 22c indicates that set 1

Table 7. Fracture mineralization data for the Stripa core logs.

Number of Percentage

Mineralization occurrences of 827 (%)
Chlorite 758 91.7
Calcite 406 49.1
Epidote 62 7.5
Mica 16 1.9
Pyrite 9 1.1

Flourite 7 0.8
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Stereographic plots of poles of fractures with the three major
types of mineralization.
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(b) XBL 799-11306

Schmidt equal-area poleplot
Calcite mineralization

Lower hemisphere

406 points

(Fige. 21 continued)



(Fig. 21 continued)
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(C) XBL 799-11307

Schmidt equal-area pole plot
Epidote mineralization

Lower hemisphere
62 points



Table 8.

Set
number
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Statistical mineralization data from Stripa fracture logs.

1
2

MN. N

(a)

MN. N

Total

number Number and percentage of occurrences

in set Chlorite Calcite Epidote
53 46 (87%) 14 (26%) ' 7 (13%)
154 147 (95%) 72 (47%) 20 (13%)
254 244 (96%) 151 (63%) 7 (3%)
191 172 (90%) 33 (43%) 11 (6%)

MN. N
Schmidt equal -area pole plot

Thickness > Imm
Lower hemisphere
132 points

" Schmidt equal-area pole piot
Thickness > 2mm
Lower hemisphere
37 points

(b)

XaL 795-11308 ¥BL 799-11309

Schmidt equal-area pole plot
Thickness >5mm

Lower hemisphere

8 points

Fig. 22. Stereographic plots of fractures

with different thicknesses.

o

XBL 799-11310
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Table 9. Thickness data for fracture infillings.

Total Number and percentage of occurrences
Set number ‘ ‘
numoer in set 1 mm 2 _mm 5 m
1 53 13 (25%) 8 (15%) 3 (6%)
2 154 30 (19%) 7 (5%) 1 (1%)
3 254 . 35 (14%) 5 (2%) 0 (0%)
(2%

4 191 21 (11%) 4 ) 1 (1%)

comprises the thicker fractures, which also agrees with the delineation of:
major features from the floor map (Fig. 10). Sets 3 and 4 generally have

the smallest percentages of fractures thicker than 1.0 mm.

6.  DISCUSSION

6.1 Origin of the Fracture System

The geology and tectonics of the granite mass at Stripa are complex and
difficult to interpret due to the lack of previous study from which to
draw. An understanding of the regional geological setting and a general
idea of the morphology of the rock mass are necessary in order to theorize
on the origin of the fracture system, and are currently being investigated.
Although discussion of possible origins of the discontinuities is very
speculative at this time, the following information might stimu]ate‘study
into possible connections between the existing stresses and fracture pattern

in the underground test area.

Carlsson (1978) has reported the results of stress measurements in the
OVl drift (Fig. 2), whose average principal stress components show a close

directional relationship with the fracture sets in the time-scale drift (Fig.
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14). A plot of mean fracture-set poles and the major principal stress
vectors is shown in Fig. 23. The mean poles of sets 1 and 3 are about
perpendicular to the major principal stress direction, 01s and the pole of
set 3 corresponds to the minimum principal stress, g Furthermore, the
mean plane of set 2 is oriented virtually perpendicular to the major princi-
pal stress. Such orthogonalities are common in fracture networks in rock
(Ramsey 1967), but because of historical changes in the tectonic regime,

the observed fracturing need not be morphologically related to the existing
state of stress. Nevertheless, the following speculation about joint
origins is an attempt to explain the close correlation of the local stress

field with the extensive fracturing in the time-scale drift..

Fig. 23.

Relationship of mean fracture
set orientations and measured
principal stress directions.

Mean plane \\
of set 2 \I

o = 14MPg ;

A
n; mean polesto

fracture sets

Schmidt net o; measured principal
lower hemisphere stresses

XBL 799-11311
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It can be reasoned that joint sets 1, 2, and 4 are related to the
intrusion and subsequent cooling of the granite body. The presence of
epidote and chlorite on these fractures, as opposed to only calcite, sug-
gests such a hydro-thermal environment. The core samples and floor map show
that the surfaces of the joints of set 2 are generally irregular and rough,
indicating that they are extension (tension-related) features. Such
fracturing should occur parallel to the maximum compressive stress. Here,
the opposite is true and, therefore, the stresses which initiated these
fractures must have been different from the stress which has been measured.
Although it is speculative to reconstruct this previous stress field, the

orientation of set 2 implies that the major principal stress should have been

nearly orthogonal to that which now exists. It is visualized that such a
large shift in the local state of stress could have been associated with
cooling isotherms in the pluton, which in turn would have been related to
the overall shape and orientation of the body. For example, if a mass of
cooling granite were striking parallel to the maximum principal stress, then
the maximum stress within the rock mass due to cooling should be perpen-
dicular to the long dimensions of the body. Of course, the applicability of
such a model here is uncertain because very little is known at this time
about the intrusion process or the geometry of the rock mass at Stripa.

A11 that can be stated now is that the granite-leptite contact appears to
strike roughly parallel to the mean pole of joint set 2 and o1, which may

be indicative of such a thermal fracture mechanism.

The above discussion does not imply that the existing state of stress

is the same as that at the time of intrusion. The most recent change in
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stress resulted from glacial loading, consisting of 2 to 3 km of ice (Press
and Siever 1974). Certain factors indicate that fracture set 3 may be
associated with the current isostatic uplift from this loading: (1) the
set's orientation with respect to g, (2) the predominance of only calcite
fracture infillings, as opposed to hydrothermal minerals, (3) the relatively
short trace lengths and close spacings of joints, and (4) the observation
that these joints tend to pass continuously across the other fractures in
the core samples. An alternate explanation of joint set 3 is that it
results from a distorted stress field produced by the mine itself. Verifi-

cation of this mechanism depends on further stress measurements and fracture

studies far from the mine stopes.

6.2 Current Deformations

Deformation within the Stripa granite is continuing, as evidenced
by the faulting of certain fractures in set 1. It has been shown in Section
4 that the configuration of at least one of these faults is consistent with
the observed direction of slickensiding. The relationship between this
shearing and the existing state of stress can be analyzed by resolving the
principal stress vectors in Fig. 23 into shear and normal components on the

mean plane of set 1. This is done stereographically in Fig. 24 by first

A

finding the resultant stress direction, 9

v; then passing a plane through
this resultant and the mean normal of set 1,31. The intersection of this
plane and the set 1 plane (containing the dip vector, 81) is the direction
of the shear stress, §1, on the joints. The azimuthal direction of §1

is yiven by the vertical plane containing it, and this turns out to be

242°, which ayrees with the observed direction of shearing (240°, see

Section 4). Stress magnitudes on this mean plane have been calculated,
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Fig. 24.

Resolution of shear and normal
stresses in the mean plane of
fracture set 1.

Mean poles fo fracture setfs
Principal stress direction

Schmidt net
lower hemisphere
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Resultant of 0} Oy, and oy

Theoretical direction of
shearing on mean plane
of set 1.

Dip direction of set 1

>
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and the resulting ratio of shear-to-normal stress is 2.é5. kFor sliding
equilibrium the friction angle of the set 1 faults must be at least arctan
(2.25) = 66°, assuming no cohesion. The friction angle must be somewhat
Tess, however, because a certain amount of cohesion does indeed exist on the

faults, as discussed in Section 4.

Stresses on the mean planes of the other three fracture sets can be
similarly resolved, and their magnitudes are given in Table 10. The highest
shear-to-normal stress ratio is found on set 3, which indicates that the
friction angle and/or the cohesive strength is high enough to maintain
equilibrium. Recognizing that set 3 is relatively discontinuous, its

Weohesion" derives from the strength of the intact granite. Table 10 also
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Table 10. Shear and normal stresses on the mean planes of the four fracture sets.

Theoretical

Set Shear stress Normal stress azimuth of
number (MPa) (MPa) shearing (°) Shear/normal
1 21.56 9.60 242 2.25
2 10.35 21.21 127 0.49
3 23.08 4,91 218 4.70
4 15.17 18.08 224 0.84

lists the theoretical azimuths of shearing on all of the mean planes. Many
of the fractures logged in the core samples show signs of slickensiding and,
based on a limited re-examination of the core, the actual directions do not
agree with those in Table 10. The observed azimuth directions vary from
about 2300 to 2809, which is generally in the direction of shearing on

set 1. While these directions need not be precisely aligned with the major
faulting, it is clear that the present tectonic movements are being control-
led by the set 1 shear fractures. This is to say, when sliding occurs along
a set 1 fault, the stresses on the other fracture planes are temporarily
altered from those shown in Table 10 until new equilibrium positions are

reached.

Rather than conclude that none of the fractures were formed by shear
failure, we hypothesize that the existing shear planes originated as tensile
failure surfaces, which were then propagated by tectonic stresses until those
oriented in similar directions became interconnected and formed faults.

While the predominant faulting is currently associated with set 1 fractures,
propagation of the set 3 surfaces due to the current state of stress might
create an entirely new mode of shear deformation in the distant future. This

is plausible in light of the high shear-to-normal stress ratio on these
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planes. Alternatively, if the Tocal state of stress were substantially
altered (e.g., by large-scale heating or further mining), such that set 3
fractures would be propagated, the likelihood of faulting along these planes

would be enhanced.

The degree to which certain fractures are currently open may be indi-
cated not only by the occurrence of slickensides, but also by the type of
infilling. As discussed previously, epidote is probably a post-intrusion
product of hydrothermal solutioning. Chlorite is common to virtually all
fractures, and is thought to be deposited as an alteration product of the
feldspars and muscovite on the fracture walls. Of the three predominant
minerals, calcite is probably the most recently deposited (Wollenberg 1979),
and might indicate the location of the main hydraulic flow paths. The
calcite fractures are clustered in sets 2 and 3. The shear fractures extend-
ing through the time-scale experiment also have significant calcite coatings
in addition to chlorite and epidote, so it is probable that major fractures

in set 1 also constitute flow channels in the rock mass.

6.3 Use of the Deterministic Results

We envision that the major features in the time-scale experiment can be
analyzed numerically by modeling individual discontinuities to simulate
the mechanical behavior of a rock mass (as discussed by Goodman 1976),

provided their strength properties are known.

As discussed in Chapter 4, because of the paucity of subsurface infor-
mation near the ends of the heater array, the configurations of the major
fracture surfaces are not completely indisputable: fracture number 3 has

been delineated with the most confidence; fractures 1, 2, and 4 are less
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certain. The surficial expressions of fractures 1, 2, and 4 are more complex,

and are most likely associated with zones of fracturing which have undergone

relatively less shearing.

Fracture 3 shows the most pronounced shear deformation, and is un-
doubtedly the most significant discontinuity through the experiment. Due to
the observed and inferred waviness, however, its mode of shear deformation
is limited mainly to slip along an azimuth of about 2400 from true north.
Considerably more energy would be required to shear the fault in other
directions, because the amount of dilation (aperture opening) would be
greater. Because the infilling thickness is quite irreqgular, which may be
due to the dilation from past shearing, the relative amounts of minerali-
zation vary over the surface. Calcite and chlorite are pervasive, but the
epidote thickness can vary from less than a centimeter to about 15 cm, with
an average thickness of about 2 cm, based on the data in Table 3. Epidote
is harder than chlorite, however, and probably has less influence on the

mechanical behavior of the rock mass.

The pegmatite dike shown in Fig. 6 is obviously a discontinuous
feature, although the small-scale offsets of less than about 20 cm should be
neylected, since they cannot be accurately defined at depth. It is there-
fore recommended that the dike be modeled as a 10- to 20 cm-wide tabular
body striking perpendicular to the long axis on the array, as shown in Figs.
10 and 11. The only major offset in the dike which can be confidently

inferred from the borehole data is that caused by shear fracture number 3.
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6.4 Limitations of Statistical Results

The statistical data reported here are lacking in certain respects.
First of all, to be useful in a stochastic analysis, the non-uniform
distributions of the fracture plane orientations should be quantified.
Secondly, the major assumption of the fracturé size and spacing analyses 1is
that these parameters are independent of each other. tIn fact, the detailed
fracture map shows that this is not exactly correct because of the occur-
rence of fracture zones. In these areas, for example, it is poss1b]e to
find closely spaced long fractures. For proper representat1on, this re]a—
tionship needs to be investigated. Thirdly, the statistica] data represént
the whole experimental area, rather than selected areas. ‘The data basé used
here is probably insufficient for a proper statistical analysis; potential
variations in the orientaticn, length, and size parameters over different
zones in the drift should be investigated. Fourthly, the relationship
between fracture size or spacing and infilling characteristics needs atten-
tion. Ideally, a complete statistical characterization should facilitate
the simulation of fracture networks in the areas between the major continuous
features. Until such a characterization can be reported, it is suggested
that the mean orientation, size, and spacing values reported in Section 5 be

adopted for purposes of modeling or interpretation of thermal data.

7.  CONCLUSIONS

On the basis of available data, four major continuous fracture sur-
faces and a faulted pegmatite dike have been delineated to a depth of
about 13 m below the experiment drift. The most prominent of these features

is a shear fracture which dips steeply through the central portion of the
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heater array, and obliquely thrust-faults the pegmatite at a depth of about
8 m. The inferred offset is about 2 m, N6OW.

The methodology by which these continuous features were identified,
outlined in this paper, appears sound in light of the consistency of the
fracture configurations and the observed shearing direction. Based on the
available subsurface data, however, the method cannot be expected to yield
detailed information on the network of discontinuous fractures. This aspect
has required a statistical approach, from which it is concluded that there
are four principal sets of fractures. The mean orientations of these
sets have been determined, and the distributions of fractures about the
means are described qualitatively. The spacing and size distributions of
fractures of the given sets have been shown to conform to the lognormal

probability distribution, assuming that these parameters are independent.

Speculations have been made concerning the origins of the fracture
sets. Because of the close alignment of the fracture sets and the locally
measured principal stress directions, it is reasoned that some fracturing
results from cooling of the granite following emplacement and other fracturing
is due to much more recent isostatic uplift. The local state of stress has
probably changed over time, and it is hypothesized that the current stresses
have induced the most recent extension fracturing, as well as faulting along
the major continuous fractures in the time-scale drift. Mine excavations
may also have some influence on the stress field, but this is unsubstan-

tiated at present.
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APPENDIX A. Borehole Fracture Logs for Time-Sca]e Experiment

EXPLANATION OF FRACTURE LOGS

DEPTH

ROCK TYPE

- Represents depth to midpoint of fracture surface

(nearest cm).
The term "granite" is a general descriptor here,
referring more specifically to quartz monzonite.

Minor variations of this classification are not detailed.

DISCONTINUITIES AND BREAKS

NATURAL

INDUCED
UNCERTAIN

OPEN/CLOSED

OTHER

ROUGHNESS

WEATHERING

Naturally occurring fracture; usually open in situ and
containing some mineralization.:

Break caused by drilling.

May be a natural fracture; however, its openness in situ
is very questionable.

Refers to condition of fracture in core and, by .inference,
to its condition in situ.

Refers to a discontinuity other than a fracture.
Amplitude of small-scale irregularities with wave-
lengths < 1-2 cm. Larger scale roughness is denoted

as "irregular.”

Degree of alteration of wall rock:

HW - Highly weathered

MW - Moderately weathered
SW - Slightly weathered
NW - Non-weathered
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MINERALIZATION
TYPE - Coded by occurrence, not predaminance.
Main types are chlorite (K), calcite (C), and epidote
(E). Others include:
iron pyrite (I)
mica (M)
fluorite (F)
quartz (Q).
COLOR - Black (BK), Blue (B), Brown (BN), Green (G), White (W),
Yellow (Y).
THICKNESS -~ Very approximate; "hairline" fractures are about
1/2-mm thick.
HARDNESS - Soft (S) - scratch with plastic
Moderately hard (MH) - scratch with iron
Hard (H) - scratch with steel.
“ORIENTATION
BETA ANGLE -~ Azimuth of apparent dip, looking down hole.

ALPHA ANGLE - Acute angle between fracture and core axis.
REMARKS - Slickensiding (shearing) is indicated, along with

azimuth (B).
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DISCONTINUITIES AND BREAKS
El CONDITION SURFACE HINERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH ROCK | —= ro cale 1o el ro wa | ROUGH-|WEATH=| TYPE | COLOR [ THICK-|HARD{ BETA|ALPHA | REMARKS
TYPE + Ll of|vd o~ | NESS {ERING NESS {NESS |(DEG)|(BEG)
2EEREESSR
o mizoyMmixracm
PR3 ST 2
(H) o> = | (HK) (H¥)
= k]
.07 | GRANITE 1 i 1 1 HY  KC BK 5 HH 250! 45 | SEVERAL INDUCED FR
.11 1 GRAMITE 1 1 2 1 HY K BKG 1 HH 255 75
.24 | GRANITE 1 1 1 2 HY  KH BKG 1 HH 10] 75
.40 | GRANITE 1 1 3 1 MY KC BKY 4 HH 450 70
.74 | GRANITE 1 1 1 1 MU KC BKG 1 HH 95| 70
.96 | GRANITE 3 1 2 3 54 KM BKU .5 H 40| 40 | PARTLY INDUCED
1.09 | GRANITE 1 2 E 4 145] 25 | SEALED FRACTURE
1.35 | GRAMITE 3 1 1 2 NE C .5 H 50| 75 | PARTLY INDUCEL
1.38 | GRANITE 2 2 3 2 (] 340 85
1.51 | GRANITE 1 1 3 1 NU  KC .3 H 10| 80
1.63 | GRANITE 1 1 2 1 MY KC 6 2 ) 290! 40 | SHEARED
1.74 | BRANITE 1 1 2 1 MY KE BK 1 HH-H| 315] 73
2.79 | GRANITE 2 2 3 1
2.99 | GRANITE 1 1 2 2 HY  KC BKGY 1 S-MH| 295 25
3.28 | GRANITE 1 1 1 1 WY KCE | BKGU 1 HH 310| 50 | SHEARED
3.33 | GRANITE 1 1 2 2 H¥  KC BKG .5 MH 300 35
3.69 | GRANITE 1 1 1 1 MM KC BK .5 HH 60| 45
4,20 | GRANITE 2
5.45 | GRANITE 1 1 1 1 MU KC | G .5 HH s5| 73
5.51 | GRANITE 1 1 1 1 K 6 .5 HH 300 30
5.83 | GRANITE 1 1 1 1 HE KL ] 2 S 145 40
5.93 | GRANITE 1 1 1 2 HY K 6 .5 HH 165 35
6.11 | GRANITE 1 i i 1 B K 6 .5 HH 145 23
6.33 | GRANITE 1 1 1 1 YK 6 .5 HH 180} 30
4.82 | GRANITE i 1 1 1 WK 6 .5 iH 75| 45
6.87 | GRANITE 1 1 1 1 MWK ] .5 HH 130, 30
7.71 | GRANITE 1 1 3 U € ] .5 MR 2100 20
7.74 | GRANITE 1 1 1 1 MW KC BK .5 MH 350 35 | CALC FR ALONG CORE
7.87 | GRANITE 1 1 2 2 #d  KC BK .5 HH 150 35
8.32 | GRANITE 1 1 1 1 WY KC BK .5 HH 115 50
8.50 | GRANITE 1 1 1 1 HY  KC BK .5 HH t70] 55
9.03 | GRANITE 1 1 3 1 My K BK .5 HH 90| 65
9.49 | GRANITE 1 i 1 1 HY  KC | BH .5 HH 45 55
9.48 | GRANITE 1 1 1 1 HU K BKE .5 MH 450 50
10.02 | GRANITE 1 1 1 1 HY KEC BKG 5 SH 40| 55 | SHEARED
10.15 | GRANITE 1 1 1 1 WY KC BKG .5 MH 50 45 | Y-FORM,TWO CRACKS
10.31 | GRANITE 1 1 1 2 HU  KC BKG .5 KH 75 70
10.49 | GRANITE 2
11.49 | GRANITE 1 i 3 HY  KC BKG .5 HH 500 45
11.79 | GRANITE 1 1 2 B E 6 1 H 1000 35 | PARTLY INDUCED
11.87 | GRANITE 2
12.06 | GRANITE 1 1 3 2 SH KE .5 Y 1200 75
12.30 | GRANITE 2
13,27 | GRANITE 2
13.76 | GRANITE 1 1 1 1 MU KC BKG .5 HH Y. SHEAREL
14.04 | GRANITE 1 1 1 1 HY K BKE 2 HH 100 60 | (END)
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DISCONTINUITIES AND BREAKS
E2 CONDITION SURFACE KINERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH ROCK | = 1o ctl= s el v oo | ROUGH-| WEATH-] TYPE | COLOR|THICK- |HARD BETA [ALPHA | REMARKS
TYPE e t|ld S Slod s | NESS |ERING NESS |NESS j(DEG) | (DEG)
ZESREEES R
SSoTREEma
D M o~ = DT C i
(M) o> o | (NH)
4 =
.02 | GRANITE 1 1 1 2 sS4 JCE GY .5 N | 270 | 10
.27 | GRANITE 2 2
1.09 | GRANITE i 1 1 1 #U JKC | GY .5 8 190 | 35 BHEARED
1.21 | GRANITE ! 1 1 2 HY K 6 .5 § |300 |55
1.28 | BRANITE 1 1 1 1 Wy oK 6 .5 S | 300 | 45
1.39 | GRANITE 1 ! 1 1 B K 6 .5 s 235 | 35
2.16 | GRAN/PEE 1 1 1 2 HU [KCE |6W 1 s 350 | 50
2.44 [PEGHATITH 2 2
3.10 | PEG/BRAN
3.25 | PEG/GRAH 3 1 3 NU KM |GU .5 § | 300 | 35 PARTLY INDUCED
3.44 | GRANITE 2 3 3 sU K 6 .5 s 80 | 25 | PARTLY INDUCED
3.91 | GRANITE i i 1 2 MY |KE 6 .5 s | 300 | 35
3.98 | GRANITE 1 1 3 54 |KE 6 .5 5 300 | 40  PARTLY INDUCED
4,32 | GRANITE 1 1 2 3 WU KE 6 .5 3 280 | 20
5.05 | GRANITE 1 1 1 1 WY |K 6 .5 5 300 | 45
5.31 | GRANITE 1 1 1 1 HY K 6 .5 5 115 | 55 SHEARED
5.36 | GRANITE 1 1 1 1 WY K 6 .5 5 115 | S5 SHEARED
5.44 | GRANITE 1 1 1 1 Wy |KC ] .5 5 70 | 35
5.57 | BRANITE 1 1 1 2 HY K 6 .5 5 300 | 45
5.94 | GRANITE ! 1 1 2 My |K 6 .5 5 300 | 45
5.94 | GRANITE 3 1 2 sy K ] .5 5 110 | 50
6.40 | GRANITE 1 1 t 3 HY K ] .5 § | 300 | 45
6.54 | GRANITE 1 1 1 2 He o |K 6 .5 5 300 | 40 SHEARED
6.62 | GRANITE 1 } 1 2 By K ] .5 8 140 | 75
b.67 | GRANITE 1 1 1 1 My |K 6 .5 s 40 | 40
6.94 | GRAKITE 1 1 1 1 H-HU |K 6 .5 5 120 | 75 SHEARED
7.15 | GRANITE 1 1 1 1 H-HY |K b 1 5 110 | 80 SHEARED
7.30 | GRANITE 1 1 1 2 My 1K 6 .5 5 100 | 75 DIRECTION UNCERTAIN
7.43 | GRANITE 1 1 1 3 sU |k 6 .5 HH 95 | 75
7.65 | GRANITE 1 1 ! 2 HY |KC ] .5 MH 95 | 80
7.76 | GRANITE 1 1 1 2 HU (K 6 .5 s 155 | 45
7.98 IPEGHATITH 1 1 1 3 HY |KC 6u .5 5 80 | 45
8.20 | PEG/GRAN NO FRACTURE
8.59 | GRANITE 1 4 HY IKC 6Y .5 HH 40 | 40
8.78 | GRANITE 2 2
NUMEROUS SEALED
CHLOR FR 9.00-9.30
9.09 | GRANITE i 1 1 2 HY  |KC 6 1 5 155 | 10
9.91 | GRANITE 1 1 2 2 wo|K § 1 s | 300 | 55
10.10 | GRAN/PEQ ND FRACTURE
10.41 |PEGHATITH 1 1 2 3 My ke 64 .5 HH | 260 | 25
10.43 | PEG/GRAN
11.32 | GRANITE 2 2
11.48 | GRANITE 3 1 2 sy |C U .5 HH 240 | 55
11.85 | GRANITE 1 1 1 2 HY K ) .5 HH 105 | 45
12.34 | GRANITE 1 1 2 2 oK 6 .5 HH 80 | 40
12.40 | GRAMITE 1 1 1 2 HU{KC 64 .5 HH 85 | 45
12.45 | GRANITE 1 1 1 3 o |k G .5 NH 85 | 40
12.49 | GRANITE 1 1 1 2 M4 K 6 .5 MH 90 | 55 | SHEARED
12.54 | GRANITE 1 1 1 3 HY K ] .5 8 75 | 50
12.79 | GRANITE 1 1 1 3 sy |¢C 1] .5 HH 55 | 30
12.96 | GRANITE i 1 1 2 HY K 6 .5 8 175 | 50
13.41 | GRAWITE 1 1 2 3 Wy [KC 64 .5 HH 70 | 50
13.45 | GRANITE 1 1 1 1 WU |KC 6y .5 8 70 | 55 SHEARED
13.62 | BRARITE 1 i 1 3 MY |KC 64 .5 NH 45 | 55
13.67 | BRAWITE i 1 1 2 WY |KC ] 1 HH 55 | 40
14.03 | 6RAN/PEG 1 1 1 4 s |K 6 .5 MH 205 | 35
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DISCONTINUITIES AND BREAKS
E3 CONDITION SURFACE MINERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH | ROCK | = ro cal= ns ta|= 0o s | ROUGH-| WEATH-] TYPE | COLOR|THICK- [HARD{ BETA|ALPHA | REMARKS
TWPE |2 |dd o|oos | HESS |ERING NESS |NESS {(DEG) | (DEG)
ZESReZES R
SEBTmBEm e
D T - L~ E - —
(H) o> Iy (MM) (H4)
= =
.05 | BRANITE| 2
.20 | BRANITE| 1 1 2 2 oK & .5 HH 85 | 70
.5t | GRANITE} 1 1 1 2 H o[k 6 1 NH | 315 | 55
.54 | GRAMITE{ 1 ! 1 2 WY (KC  |6u .5 MH | 295 | 25 |SOME CLAY FILLING
.58 | GRANITE] 1 1 1 2 We o lkC  j6U .5 s | 285| 20
1.20 | BRANITE| 1 1 1 3 WU lkC  jeu .5 § | 310 | 45 |SOME CLAY FILLING
1.30 | BRANITE| 1t 1 1 2 WU [KC  |6u .5 s | 290 45
1.44 | GRANITE| 2 INDUCED
1.53 | GRANITE 1 1 1 2 M |KC |6y .5 5 | 340 | 40
1.97 | GRANITE{ 1 1 1 1 su (ko {mw .5 [ 40 | 60
2.40 | GRANITE| 3 3 1 N .5 150 | 40
3.12 | GRAMITE 1 1 1 1 Wo|c u .5 20 | &5
3.47 | GRANITE 1 1 1 2 Mo Lk ] .5 s | 300} 30
3.73 | GRANITE[ 1 1 3 1 WK 6 .5 s | 300 20
3.81 | BRANITE| 1 1 1 2 WK b .5 s | 3t0| 30
3.90 | GRANITE[ 2 2
4.846 | GRANITE 1 1 1 1 B {Kkc |6 1 MH | 305 | 50 | SHEARED
5.15 | GRANITE] 2
5.19 | GRANITE 1 1 2 2 MU |KC |6V .5 NH | 125 &5
5.39 | GRANITE| 1 1 1 2 M [k |ew .5 s 751 45
5.76 | GRANITE 1 1 1 3 Ne [k 6w .5 S 160 { 70
5.92 | GRANITE 1 1 1 1 MWK ] .5 [ 185 | 75 | SHEARED
4.06 | BRANITE 1 1 1 2 W |KC |6 .5 NH | 310 35
6.06 | BRANITE[ 1 1 1 3 sy |k G .5 MH | 205 | 40 | THROUGH 1/2 OF CORE
5.20 | GRANITE] 2 2 UPTAKE DEPTR 4.30
6.32 | GRANITE] 1 1 3 2 sV {KC {6 .5 HH 451 45
6.33 | BRANITE 1 1 t 2 WK ] .5 MH 60 [ 40
6.49 | GRANITE 1 1 1 3 WU |KC |6 .5 s | 300 30
4.65 | GRANITE| 1 1 1 1 WU |KC |6 .5 HH 75| 40
6.85 | GRAMITE| 1 1 1 2 He |KC |6 .5 s 85| 40
6.87 | GRANITE| 1 1 1 3 WK ] .5 WH | t15| &5
6.87 | GRANITE| 2 2 SUBPARALLEL TO CORE
6.93 | GRANITE| 1 1 1 2 s |K ] .5 HH 125) 75
7.09 | GRANITE 1 1 1 2 He ke few .5 s | 305} 12 [cowTimuES TO 7.31
7.09 | GRANITE 1 1 1 2 SU |k |6u .5 HH 130 70
7.75 | GRAMITE| 1 1 1 1 Hoo|K 6 .5 HH | 100 80
7.72 | GRANITE| 1 1 1 2 U (K G .5 MM | 115| 75 | THROUGH 1/2 CORE
7.75 | GRARITE| 1 1 1 2 HY | KC HH | 300| 15
7.86 | GRANITE| 2 2
8.40 | GRANITE] 1 1 3 3 MoK 6 .5 HH go| 70
8.42 | GRANITE] 1 1 1 2 WU [KC  [&¥ .5 5 50 25 | SHEARED
B.70 | GRANITE| 1 1 3 4 sU|¢C y .5 HH | 250| 20
8.71 | GRANITE| 1 1 3 3 s¢ {KC |G .5 NH | 280| 35
8.80 | GRANITE| 1 i 1 3 M4 |KC |6 .5 MH 100 { 85
8.80 | GRANITE] 1 1 1 2 HU {XC |6M .5 § | 31S| 25 | THROUGH 1/2 CORE
B.85 | GRAMITE] 1 1 1 2 WU (ke |6 .5 5 50{ 70
8.97 | GRANITEl 1 1 1 2 Ry (K [6W s | 1551 30
9.18 | BRANITE 1 1 1 2 sU K B .5 HH | 145 | &0
9.29 | GRANITE| 3 1 2 su K B .5 H | 295| 80
9.76 | GRANITE| 1 1 1 3 MU {KC | 6w .5 s | 300 25
10,09 | GRANITE] 1 1 1 2 M {KC | 6W .5 MH | 195 | &5
10.21 | GRANITE 1 1 1 3 e [KC | 6W .5 s | 300| 30
10.21 | GRANITE| 1 1 3 2 WY (K ] .5 HH 90
10,34 | GRANITE 1 1 1 2 54 |K ] .5 NH | 145] B0
10,39 | GRANITE| 1 1 1 2 HU [KC | &M .5 KH | 140 65
10.48 | BGRANITE 1 1 1 3 WY | KC  {6u 1 HH | 140 65
11.17 | BRANIT 1 1 1 2 HY |KCI | BNGE | .5 MH 190| 75
11.40 | GRANITE| 1 1 2 2 WolKC |6 .5 HH 75| 45
11.83 | GRAMNITE| 1 1 3 3 MU {KCI | BNGM | .5 HH 901 40
11.83 | BRAKIT 1 1 1 2 WK 3 .5 MH | 285| 55
11.90 | GRANIT 1 1 1 3 HU (KC |6 .5 5 85| 45
12.22 | GRANIT 1 1 1 3 WK b 5 s 130 20
12.25 | GRAKWIT 1 1 1 2 WU [KC | &M .5 S | 320/ 20
12.31 | BRANIT 1 1 1 1 wo|K 6 .5 s | 160| 55
12.35 | BRANIT 1 1 1 1 He K & 2 5 175| 15
12.59 | GRANIT 1 1 3 2 HU [KC |6 .5 5 75| S0 | PARTLY INDUCED
13,27 | GRANIT 1 1 3 2 NU | KCIM | BNGH | .5 5 175] 35 t INDUCED
13,80 | GRAMITE] 1 1 1 1 sU | KI BNG | .5 H 90| &5
13.94 | BRANIT 1 1 3 3 SU KL | 6u .5 s | 185 55
14,01 | GRANIT 1 1 3 2 sS4 |CI BRU | .5 s | 155] 75
14,07 | GRANIT 1 1 3 2 oK B 5 S | 305 40 | 1 INDUCED
14,67 | GRANIT 1 1 1 1 WO KC |y .5 s | t1e] s0 (END)
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DISCONTINUITIES AND BREAKS
E4 CONDITION SURFACE HINERALIZATION DRIENTATION
CHARACTERISTICS
pEPTH | ROCK | — m cal= 13 ca|= no s | ROUGH-{ UEATH- TYPE | COLOR|THICK- {HARDY BETA|ALPHA j REMARKS
TWPE |2 lbd Slbdas | NESS |ERING NESS |NESS |(DEG) |(DEG)
R e -
SER[FRRlERa
> Mo L —J -
(H) e gl B 1D) (HH)
= =
.13 | GRANITE} 1 T 1 2 sy Jkes |6 .5 H 55 | 20
.75 | GRANITE| 1 2 3 oK 6 HH | 100 | 80
.77 | GRANITE 1 2 3 He K ) HH 75 |75 |SHEARED
.93 | GRANITE 1 N 5 Hoj125 |30
1.15 | GRANITE| 1 1 1 1 N (K [ .5 S | 355 | 35 |MECHANICALLY OPEMED
1.50 | GRANITE 1 1 1 3 NU H 170 | 65
1.94 | GRANITE 1 1 1 1 s K ] .5 MH | 135 | 30  |PARTLY INDUCED
2.16 | GRANITE 1 1 1 2 s¢ (K 6 .5 5 140 | 35 | SHEARED
2.66 | GRANITE 1 1 1 2 su kL |6 .5 s | 130 | S5 |SHEARED
2.79 | GRANITE| 1 i 1 1 [T 13 & M{ | 240 | 15 | APPROX DEPTH
PARTLY INDUCED
3.37 | GRARITE| 2 CORE LOST 3.37-3.41
3.41 | GRANITE| 2 CHANGE TO 62NM CORE
3.86 | GRANITE 1 1 1 3 sU K 6 .5 S 1130 | 30 |SHEARED
4,11 | GRANITE] 1 1 2 2 sy |K 6 .5 S | 140 {50 |SHEARED,CURVED
4.19 | GRANITE 1 1 1 3 KL |6 1 S | 120 | 40 | SHEARED
4.74 | GRANITE 1 1 2 2 5y [kc {6 2 [ 135 { 40 | BOTH SHEARED,ONE
4.78 | GRANITE| 1 1 1 1 sy lkc  jev .5 5 120 | 50 | OR TWO FRACTURES
IN BETUEEN THESE
4.89 | GRANITE| 1 1 1 1 K ] 5 N 180 | 50
2
5.07 | GRANITE 1 1 1 3 MK b .5 § 122 |75
5.34 | GRAMITE| 1 1 1 2 W[k |¥ .5 5 |29 [ 70
5.57 | GRANITE| 1 1 1 2 WK i .5 s | 110 | 30 | SHEARED
5.45 | BRANITE| 1 1 3 3 WK 5 .5 5 1265 | 10
5.74 | GRANITE 1 1 1 2 sU (K 6 .5 S | 340 | 40
5.80 | GRANITE| 1 1 3 2 we o |kc 6w .5 5 115 | 30
6.11 | GRANITE| 1 1 1 2 MUK 5 .5 s 110 | 30 |2 FR,OTHER A=90
PARTLY INDUCED
4.40 | GRANITE 1 1 1 1 KoK 6 .5 5 | 345 | 30
6.50 | GRANITE 1 1 3 3 56 |K 6 .5 s 1270 | 80
6.82 | GRANITE| 1 1 1 2 MK 6 .5 5 145 | 25 | PART INDUCED,V-FORM
5.85 | GRANITE] 1 1 1 3 MK & .5 5 | 335 | 40
4.93 | GRANITE| 1 1 3 2 MoK G .5 5 | 340 | 45
7.32 | GRANITE 1 1 1 1 MK ] .5 s 150 | 40
7.51 | GRANITE 1 1 3 2 1T T G .5 5 20 | 85
7.65 | GRANITE| ¢ 1 3 2 MoK ] .5 s | 300 |70
7.87 | GRANITE 1 1 3 2 uolK [ .5 s | 270 | 55 |v-FORM
7.24 | GRANITE 1 1 3 2 MK G .5 5 | 280 | 50
B.40 | GRANITE 1 1 1 3 TR 3 ] .5 s | 290 | &0
9.00 | GRAMITE| 2
9.08 | GRANITE 1 1 1 1 He|K G .5 § | 300 | 45
9.30 | GRANITE 1 1 1 1 Wy KL {6 .5 5 | 280 | 80
9.63 | GRANITE i 1 3 2 My |kc  |6u .5 s | 100 | 60 |v-FORM
9.73 | GRANITE 1 1 1 1 MK 6 .5 s | 300 | 60
10.14 | GRANITE] 1 1 2 2 WK ] .5 s 270 | 70
10.35 | GRANITE| 3
10.72 | GRANITE] 1 1 1 2 MK 6 .5 5 | 280 | 40
10.77 3 CN PEGMATITE
11.26 | GRANITE 1 1 1 3 #y |KC |G .5 5 45 | 20
t1.26 | GRANITE] 1 1 2 2 su K 6 .5 5 70 | 55
11.62 | GRANITE 1 1 3 3 | s-Hu {kc G .5 HH 70 | 55 | PART INDUCED
11.79 | GRANITE| 1 1 1 2 S |KC | BKG .5 MH | 260 | 50 | SHEARED
12.30 | GRANITE ! 1 1 2 IS BK .5 MH | 245 | 65 | SHEARED
12.94 | GRANITE] 1 1 1 1 s§ |C 6 .5 jH~-H | 250 | 40 | SHEARED
13.14 | GRANITE| 1 1 1 2 MUK BKG .5 MH | 250 | 7 SHEARED
13.83 | GRANITE| 1 1 1 1 su |KI BKBH | .5 MH | 280 | &0
13.97 | GRAMITE 1 1 3 2 S |KCI [ BK .5 H | 270 | 50
14.02 | GRANITE 1 1 1 3 KU {KI BKBHM | .5 H-5 | 275 | 30
14.08 | GRANITE! 1 1 3 2 Wy K BK .5 HH | 290 | 40
14.17 | GRANITE| 1 1 3 2 K (K BK .5 N | 310 | 60 | SHEARED
14.24 | GRANITE 1 1 1 2 WK BK .5 H | 300 | 45 | SHEARED
14.32 | GRANITE[ 1 1 3 1 MY (K BK .5 HH | 280 | 70 | SHEARED (END)
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DISCONTINUITIES AND BREAKS
E5 CONDITION SURFACE HWINERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH ROCK - A taf= K3 Gl no | ROUGH-| WEATH=| TYPE | COLOR | THICK- [HARD{ BETA|ALPHA | REMARKS
TYPE zlilodova~ NESS [ERING NESS |NESS|(DEG)|(DEG)
D> X E|OM =M >
SEREREEER
$83 S=zce
(H) Foz = (M)
= =
.25 | GRANITE 1 1 i 1 HY K BKG -9 HH 501 40
.31 | BGRANITE 1 i 1 2 LU BKG B HH 325 | 75
.54 | GRANITE 1 1 2 1 LI BKG ] HH 50} 40 SULFIDE
.56 | GRANITE 1 1 1 1 LI ¢ BKG .5 H 255 18
«57 | GRANITE 1 1 1 1 KU | KC BKY N MH 631 30 PARTLY OPEN
.86 | GRANITE 1 1 2 2 sy | KC BK o5 HH 90| S0 GRAPHITE FILLING
.88 | GRANITE 1 1 1 1 sS4 1KC BK -3 S-HH | 280 | 25 GRAPHITE
.98 | GRANITE 1 1 2 2 KU | KC BL .9 S-MH | 310] 60 GRAPHITE FILLIHG
1.19 1 GRANITE 1 1 3 i Y | KC BK i KH 305 | 30 GRAPHITE FILLING
1.40 | GRANITE 2
1.70 | BRANITE 2
2.15 | GRANITE 1 1 1 1 MU | KC BKG .9 S-HH | 165 30
2]
2.34| GRANITE 3 3 2 54 K BKG 1 HH 45] 55 HOSTLY INDUCED
2.48 ! GRANITE 1 1 3 2 sS4 1K BKG 3 #H 180 | S0
2.49 | GRANITE 1 1 1 1 sU |K BKG ] HH PARTLY INDUCED
3.48 | GRANITE 1 1 1 1 WU | KC BKG .3 S-HH 601 30
3.62| GRANITE 2
3.79 ] GRANITE 1 1 2 2 s¥ K BK 5 HH 99 359
3.93| GRANITE 1 ! 3 2 NU |1 BN .3 HH 86| 80
3.98| GRANITE 1 1 1 1 SW | KC BK 1 NH 551 50
4,02 GRANITE 1 1 1 1 SW | KC G 1 NH 40 950
4.17 | GRANITE ! 1 1 1 U | K G 1 HH 701 BO
4.34 | GRANITE 1 1 1 1 HU | KC BNY 1 NH BO| 55
4.66| GRANITE 1 ! 2 1 HU | KC GU o HH 80| 40
4.97 | GRANITE { 1 3 1 MU | KC BKW 1 HH 85| 40
5.03| GRANITE ! 1 1 1 KW { KC 6y 1 HH 701 45 STRIATED
5.13| GBRANITE 2
5.34 BRANITE 1 1 2 2 HU | KC BNY ] HH 551 60
5.44| GRANITE t 1 1 1 L 6y -5 HH 80 45 PARTLY INDUCED
5.53| GRANITE i 1 3 1 HY | KC GW .3 HH 80 40
5.80| GRARITE 1 1 3 1 LB G 3 HH 30| 75
5.62) GRARITE 1 1 3 2 HY | K G 1 HH 100 35
5.631 GRANITE 1 1 3 2 sy (K 4 ] HH 240 65 PARTLY IND.
5.74| GRANITE 1 1 3 2 S¥ | K BKG .3 HH 100 25 FARTLY IMDUCED
6.04] GRANITE 1 ! 3 ' Y | K G 3 HH ’
6.25| GRANITE i 1 2 1 KU K BKG <5 NH 110} &5
6.45| GRANITE 15 HIGHLY FRACT ZOMNE
6.86] BGRANITE 1 1 2 2 LU G .9 HH 80| 75 SHEARED
7.04| GRANITE 1 1 1 1 HU | K 6 5 MY 80| S0
7.12| GRANITE| 1 1 1 2 S 1K [} 3 HH 245| 60 PARTLY INNUCED
7.341 GRANITE 1 1 1 1 Wy | K 6 .5 HH 80| 43 SHEAR
7.41| GRANITE 1 1 1 i HU | K 1] .5 HH BO| 80
7.71| GRANITE| 1 i 1 2 SU oK 6 .3 S 50| 45
7.73| GRARITE 1 1 1 2 Hy | K 6 ] HH 45| 45
7.87| GRANITE ! 1 1 1 KW | KC 6 ] _Hd 60 S
B.13] GRANITE 1 1 1 1 HY 1K G .5 MH 5071 43
B.26| GRANITE| 2
B.57| GRANITE I 1 1 2 H¥ | KC 6u .5 HH 401 S50
8.88| GRANITE 1 1 1 2 HU § KC Gl 3 HH 501 S0
9.16| GRANITE 1 1 2 1 LB G .9 NH 70| 40
9.19| GRANITE| 1 1 2 1 Hd | K 6 .9 HH 40| 55
9.22] GRANITE 1 1 2 1 LI G .5 HH 507 o5
9.27| GRANITE] 2
9.90| GRANITE] 1 1 1 2 HY | KC 64 5 HH 700 35
9.90| GRANITE] 1 1 1 HY | K 6 5 HH 160 30
10.09| GRANITE 2 ENDS ROTATED
10.46| GRANITE 2
10.64| GRANITE 3 3 1 2 SV | E 6 .3 L] 1501 15 PART INDUCED
11.02] GRANITE 1 1 3 2 HU | KE 6U ] S 235] 40
C
11.28( GRANITH 1 1 2 2 sS4 | E 6 .5 H 270 15
11.801 GRANITH 2 2
12,80 GRANITH 2 2
13.19] GRANITH 1 1 2 2 SW | KLED} GW .5 H-HS}{ 160 25
13.34] GRANITH 1 1 1 2 Hé K 6 ] S 230 25
13.45] GRANITH 1 1 2 2 S | E 1] .9 HH 270 30
13.46] GRANITH 1 1 3 3 SU | K G .5 S 1701 40
13.70| GRANITE 1 1 1 2 KU | KC GY ] S-H 205] 35
13.86| GRANITE] i i 3 2 HY | KCE | GM .9 H-5 2701 30
13.96] GRANITH 1 1 3 3 Su |C ¥ «5 H 2901 40
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DISCCHTINUITIES AND BREAKS
H1 CONDITION SURFACE HINERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH ROCK — 10 | R 6| = no o | ROUGH-| WEATH-{ TYPE | COLOR | THICK- [HARD{ BETA|ALPHA | REMARKS
TYPE =lcloddlod NESS |ERING NESS INESS | (DEG) [ (DEG)
SEERESRE3
coomEztmmExom
SRS ESBEZ
(H) re> b (MH) (MH)
= =
1.13 | GRANITE 1 1 i 3 N K 6 ] LL] 265 | 35
2.52 | GRANITE 1 1 1 8 sy |C [} ] [ 80 B PARTLY INDUCED,UAVY
3.39 | GRANITE 1 1 1 2 KU |KC Gy 1 S 300 | 22 SHEARED, B=315
4.21 | GRANITE 1 1 2 é K {KC Gu 1 5 275 { 30 PARTLY INDUCED
4.30 | GRANITE 1 1 ! 2 KU |KC [i1] 1 H 180 5 ONLY ABOUT SCH OPEN
NO NIDPT DEPTH
4.53 HANY FR,ND DRIENT,
BELOW 4.93
4.53 | GRANITE 1 1 1 f S¥ K G .3 s 55
4.51 | GRANITE 2 2
4.65 | GRANITE 1 1 1 3 KK G 3 5 30
4.84 [ GRANITE 2 2
4.84 | GRANITE 1 1 1 1 KU [KCE |GW ] S-H 25
4.B8 | GRANITE t 1 1 1 LUBN 1 G 3 S 70 SHEARED
4.93 | GRANITE 1 1 1 2 LUN L 4 .5 § 145 [ &3
4.99 | GRANITE 1 1 1 2 LU 6 .3 § 130 | &5 SAND IN FRACTURE
5.09 [ GRANITE 2
5.29 | GRANITE 1 1 1 1 LL]
5.05 [ BRANITE 2 2
5.25 | GRANITE| 1 1 1 1 KW |KC 64 ] S 105 | 40 B UNCERTAIN
5.43 | GRANITE 1 1 | 2 HU |KC Gy o5 s 130 | 60 B UNCERTAIN
5.47 | GRANITE| 1 1 1 1 KW |KC Gy ] ] 135 | &5 SHEARED,B UNCERTAIN
5.57 | GRANITE| 1 1 1 1 KW [KC Gu 5 5§ 120 | 65 B UNCERTAIN
5.63 | BRANITE 1 1 1 2 MU [KC i} .5 8 115§ 80 B UNCERTAIN
5.94 | GRANITE| 1 i 3 2 KW [KC 6U .5 § 150 { 75 B UNCERTAIN
5.99 | GRANITE 1 1 3 2 Hé  [KC Gy .3 5 1501 70 B UNCERTAIN
6.07 | GRANITE 1 1 1 2 sU K 1 3 5 105 | 40 B UNCERTAIN
6.10 | GRANITE t 1 1 2 SW K G .3 5 N3 3 B UNCERTAIN
6.13 | GRANITE 1 1 1 3 sW K 4 ] 5 165 | 75 PART INDUCED
6.50 | GRANITE 1 1 t 1 WY K 6 ] § 95| 43 B UNCERTAIN
6.51 | GRANITE| 1 1 1 2 C 54 K 6 ] 5 295 | 45 B UNCERTAIN
6.59 | GRANITE| 1 1 1 1 Sy (K 6 i 5§ 300 33 B UNCERTAIN
6.62 | GRANITE| 1 1 1 2 sy K G .3 S 851 55 B UNCERTAIN
6.69 | GRANITE] i 1 1 1 MK 6 -9 5 85| 48 B UNCERTAIN
7.21 | GRANITE] 1 1 2 1 HE K 6 1 S 325 | 30 B UNCERTAIN
7.31 | GRANITE 1 1 3 1 LU 6U ] s 320 | 30 B UNCERTAIN
7.353 | GRANITE] 1 1 2 1 HY K G .5 5 85| 15 B UNCERTAIN
7.38 | GRANITE| 1 1 1 1 K¥  (KC GU 3 5 3201 30 SHEARED,B UNCERTAIN
7.57 | GRANITE] 1 1 1 3 4 |K 6 5 S 130 [ 75
7.63 | GRANITE] 1 1 3 1 KWK G ] S 325 | 33
7.86 | GRANITE] 1 1 1 1 KU |KC GU »3 § 951 S50
7.93 | BRANITH 1 1 1 2 KW {KC GH ) § 320 | 30 SHEARED
8.08 | GRANITH 1 1 1 1 LI G .3 S 315 | 40 SHEAREL
8.23 | GRANITH 1 1 1 1 MY K 6 .9 s 0 835 B UNCERTAIN
8.23 | GRANITH 1 1 1 2 HU  [KC Gy i s 305 | 40 B UNCERTAIN
8.29 | GRANITH 1 1 2 1 KU HKC GU 1 S 310 | 35 SHEARED,B UNCERTAIN
B.29 | GRANITH 1 1 i 1 MU KO Gu o3 s 330 [ 10 B UNCERTAIN
B.5% | GRANITE 1 i i 1 HU {KC L} .5 5-H 90 | 50 B UNCERTAIN
B.75 | GRANITE 1 1 3 3 K4 {KC &Y ] 5 310 | 33 B UNCERTAIN
B.72 | GRANITE 1 1 3 2 SU |KC Gy 5 H 95| 50
9.20 | EGRANITH 1 1 1 2 SU [KE 6Y 5 N 100 | 63
RUBBLE ¢.2-9.54;
A=10-15 AND A=40-70
RUBBLE 9.54-9.83;
A=20~40 AND A=60-BO
9.85 | GRANITH 1 1 3 2 50 |KC 6y .5 H 330 ] 15
7.85 | GRANITH 1 1 3 2 SV K G ] 5 170 | 45
10.15 | BRANITH 1 1 1 2 LU L GU .9 S 150 | 45
10,35 | GRANITE 1 1 1 3 KU {KC GU ) S 225 | 55
10.39 | GRANITE 1 i 3 3 SV |KC Gy .3 5 160 | 85
10.63 | GRANITH f 1 1 2 HY [KCE |GV 1 S 300 | 30
10.94 | GRANITH 1 1 2 2 KU |KC 6U .5 H 175 22
11.11{ GRANITE 1 1 3 3 SU |[KCE |6u .5 N 155 | 50
1,151 GRANITH 1 1 2 2 SU 4K G ] s 751 40
11,20 § GRANITH 1 1 3 2 HU | KE [ .5 s 145 [ &5
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DISCONTINUITIES AND BREAKS
H2 CONDITION SURFACE HINERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH | ROCK | = no wu|= 2o caf— no | ROUGH-|WEATH-| TYPE | COLOR|THICK- |HARD] BETA|ALPHA | REMARKS
TYPE |2 dlddbdlbdon | NESS {ERING NESS |NESS |(DEG) | (DEG)
P ETEITODM =S
CemTom=em
Zox £S3CE
(K) rex> = (NH)
x= =
.16 | BRANITE| 2 2 1 2 | 280 | 73
1.00 | GRANITE| 1 1 1 2 svoc W 5 MW | 290 | 75
1.42 | GRANITE| 2 2 1 3 N 120 | 90
1.80 | GRANITE| 2 2 1 3 U 300 | 70
2.5t | GRANITE| 2 2 1 2 N 30| 75
2.80 | GRANITE| 2 2 2 2 N 140 | 20
3.10 | GRANITE| 1 1 1 1 W |ke | ou .5 WH | 300 25
3.23 | GRANITE| 2 2 1 3 NU 300 | 80
3.71 | GRANITE| 1 1 1 2 WU |KCEI | BNGU | .5 G 80| 70
4,36 | GRANITE| 2 2 3 2 Ny 320 85
4.63 | GRANITE| 1 1 i 2 W |KC  |ow .5 5 | 330 15
5.21 | GRANITE| 1 1 1 3 WK 6 1 NH | 165 | 55 | SHEARED
6.01 | GRANITE| 1 1 1 2 Hd |KC | GW .5 WH | 165 ] 30
7.27 | GRANITE| 2
7.45 | GRANITE| 1 2 K 6 330 | 25 | SEALED
7.62 | GRANITE| 1 1 1 1 WU |KC  |6W .5 MH | 280 30
B.21 | GKANITE| 1 1 1 2 8¢ |KC |6uBK | .5 NH | 100 ] 40 | SHEARED ANGLE=320
8.35 | GRANITE| 2
B.43 | GRANITE| 1 1 1 2 s [k BKE | .5 NH | 280 | 25
8.73 | GKANITE| 1 1 1 2 M¢ [KC | BKGUW | .5 NH | 210 S0
8.79 | GRANITE| 1 1 1 Mo [KE |BKE | .5 [WH-W | 195 | 75
8.92 | GRANITE| 1 1 1 2 MoK BKE | .5 MH | 205| 45 | SHEARED ANGLE=320
B.99 | GRANITE| 1 1 3 2 s [k BKG | .5 MH | 115 | 75 | PARTLY INDUCED
9.12 | GRANITE| 1 1 3 2 s (K BKE | .5 WH | 170} 70 | PARTLY INRUCED
9.21 | GRANITE| 1 1 1 1 WU [KCE [BKWG | .5 |WH-W | 275| 25
9.37 | GRANITE| 1 1 f 1 SU [KC |BKBW | .5 N | 85 5 SHEARED ANGLE=335
9.54 | GRANITE| 1 1 f 1 K¢ |[KC | BKGM | .5 HH 85| 55 | SHEARED=335
9.85 | GRANITE| 1 1 1 2 sv [KC |[BKGW | .5 MH | 270 75
9.84 | GRANITE| 1 1 1 2 su [KC |Bkw | .5 NH | 115 55
9.98 | GRANITE] 1 1 1 1 Wd |KE | BKG | .5  [MH-H| 170 | 25 | PARTLY SEALED
10.25 | GRANITE| 2
10.27 | GRANITE| 2
10.40 | GRANITE] 1 1 1 1 sV |KE |BK6 | .5 |MM-W| 80| 30 | SOME PEGHATITE
10.56 | GRAKITE| 1 1 3 3 sk BKG | .5 HH | 220 | 40
10.66 | GRANITEl 1 1 1 3 SU KM [BKGW | .5  |MH-S | 340| 45
10.70 | GRANITE| 1 2 K BK FR.ZONE 10.68-10.75
10.87 | GRANITE| 2
11.10 | GRANITE 2
11.44 | GRANITH 2
11.77 END OF HOLE
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DISCONTINUITIES AND BREAKS
H3 CONDITION SURFACE HINERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH ROCK = R Gi|= & Gi]= w3t | ROUGH-| WEATH-] TYPE | COLOR | THICK-|HARD4 BETA|ALPHA | REMARKS
TYPE zcloholb o« NESS |ERING NESS {NESS |(DEG) | (LEG)
HEEEE
SEE~EDEEE
2 M - < E
(H) o> =y (MH) (HK)
= e
0-0.23 HIGHLY
FRACT ZONE
<23 | GRANITE 1 1 1 1 KWK BKG 1 NH 34575 PARTLY 'INDUCED
.31 | GRANITE 1 1 3 3 SH [KE BKGH | .3 HH 20 [ 70 PARTLY INDUCED
.48 | GRANITE 1 1 3 2 4 IK BKG -5 MH 951 70 PARTLY INDUCELD
.36 | GRANITE 1 1 1 1 sy C U ] KH 35| 75 FARTLY INDUCED
.38 | GRANITE 1 2 HU C
.8 GRANITE i i 1 1 56 |KC BKG o MH 253 70 PART INMUCED,SHEARE
SHALL FAULTED PEG.
1.37 | GRANITE 1 1 1 1 S (K 6 ] HH 83 | 30 FARTLY INDUCED
1.54 | GRANITE 1 1 1 1 s {K BKG .5 MH 50} &0
1.57 | GRANITE 1 1 3 2 sS4 K G 3 MH 95 | 85 PART INDUCED,SHEARE
t.66 | GRANITE 1 1 1 1 HY K 6 1 HH &0 | 7
1.73 | GRANITE 1 1 1 1 S |K 6 .3 MH 83 | 85
1.78 | GRANITE 1 1 1 1 S56 K BKG ] MH 90 1 40 SHEARET
1.91 | GRANITE 2 20 | 85
2.19 | GRANITE 1 1 1 1 s JK BKG 5 KH 50 | 70 PARTLY INDUCED
2.44 | GRANITE 2
2.30 | GRANITE 2
2.99 | GRANITE 1 1 3 2 S6 K BK .0 KH 2 |50 720
3.19 | GRARITE 1 1 1 1 S¥ K BK ] HH 1 |40 BO SHEARED
3.33 | GRANITE 1 1 1 2 s4 |K BK -3 MH 35| 38
3.66 | GRANITE 1 1 1 1 S¥|K BK 29 NH 213 | 85 PARTLY INDUCED
3.86 | GRANITE 1 1 1 1 U ik BKG ] HH 751 80 SHEAREL
3.95 | GRANITE 1 1 1 2 LU I BRG .3 HH 65 | 30 FARTLY INDUCED
4.06 | GRANITE i 1 1 1 HY |KCI | BKHY 1 MH 253 | 29 FARTLY OFENET
4.15 | GRANITE 1 1 1 2 HU |KC BKY 1 5 50 | 48 FARTLY OFENED
4.37 | GRANITE 1 1 1 3 HU KN BKW 1 HH 340 1 59
4.47 | GRANITE 1 1 2 2 HW  |KH BKY 1 HH 315 | 60 PARTLY INDUCED
4.76 | GRANITE 1 1 1 2 K BKG .5 NH 45 | &0
4.84 | GRANITE 1 1 1 1 HU 1KC BKUY .9 NH 20 70
4.97 | GRANITE 1 1 1 2 KU |KC BRW .3 HH 40 [ 40
5.42 | GRANITE 1 1 1 1 KW |KC BKUW .3 HH 7 30
5.91 | GRANITE 1 1 1 2 s IK BK 23 MH 220 | 43 UNCERTAIN DEPTHS AN
5.52 | GRANITE 1 1 1 1 HE K BK .3 HH 35| 30 ORIENTATIONS T0 5.8
5.95 | GRANITE 1 1 1 1 SU K BK .9 KH 73| 40
.63 | GKRAHITE 1 1 1 2 HY K BK o9 MH 20 1 S50
5.71 | GRANITE 1 1 1 1 HU | KH BK 2 HH-H | 220 ] 50
5.87 | GRANITE i 1 1 1 HY  KC BRU ) NH &35 S
4.09 | GRANITE 1 1 1 2 My |KC BKW 1 S-MH 201 70 SHEARED ANGLE=130
6.64 | GRANITE 1 1 1 1 H-HU |KC BKY 1 MH 100 ) 53 SHEARED ANGLE=135
6.96 | GRANITE 1 1 1 2 Hd K BK .5 NH 200 ) &0
7.09 | GRANITE 1 1 1 3 Md  1KC BKH .o HH |09 SHEARED ANGLE=145
7.84 | GRANITE i 1 3 1 HU KL Gu 9 HH 320 [ 355
8.15 | GRANITE 1 1 1 2 SU[KC BKY o HH 145 | 7
8.39 | GRANITE 1 1 1 1 HE R BK 1 HH 165 | 20
8.58 | .GRANITE 2
8.97 | GRANITE 1 1 3 i HE (K BK 5 MH 325 | 955
?.12 | GRANITE 1 1 1 2 Hy K BK .9 MH 90
9.33 | GRANITE 1 1 1 3 S |C 0 .9 HH 80 30
9.42 | GRANITE 1 1 1 1 HU  {KC BKU .3 HH 0 30
9.32 | GRANITE 1 1 3 2 HU |KC BKY .9 KH 2 40
9.69 | GRANITE 1 1 2 1 HU  |KC BKW .9 HH 285 | 1§
10.20 | GRANITE 1 1 3 2 KU | KH BK »9 HH 195 70
10.31 | GRANITE 2
10.85 | GRANITE 2
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DISCONTINUITIES AND BREAKS
H4 CONDITION SURFACE MINERALIZATION  |ORIENTATION
CHARACTERISTICS
DEPTH | ROCK | = n cal= no cal—s no | ROUGH-|{UEATHY TYPE| COLOR|THICK- HARD{ BETA [ALPHA | RENARKS
TWPE |2 L cjdbdlbdLs | NESS [ERING NESS |NESS |(DEG)|(DEG)
ZESIRGEIESE
SE3*REEme
D T = = - —
(K) e3> =l o (NH)
= =
0. 3
.06 | GRANITE| 3 2 3 | suo e |u 5 [MH | 215 |60
A5 | GRANITE| i 1 2 |s-#u [KC [BKGW |.5  |MH | 85 |45 |SHEARED B=133
.36 | GRANITE | 1 1 1 W [KC  [BKW [.5  [MH | 105 |35 |PARTLY INDUCED
1.05 | GRANITE| 2
1.18 | GRANITE| 1 1 1 2 | W {KC  |6W .5 MW | 305 | 15 |PARTLY INDUCED
1.58 | GRANITE| | 1 1 3 | W [k |BKG |.5  [WH | 185 |45 |PARTLY INDUCED
1.75 | GRANITE| 2
1.92 | GRANITE| 2
2.34 | GRANITE| 1 1 1 2 | W [k [Bkw |.5  |WH | 155 | B8O |PARTLY INDUCED
3.14 | GRANITE| 2 :
3.25 | GRANITE| 2
3.46 | GRANITE| 2
3.95 | GRANITE| 1 1 1 1 sw |kc |Bw |.5 MM | 100 |45
4.22 | GRANITE| 1 1 1 1 WU [KCIM [BKWY | 3 S-MH | 265 | 20 | SHEARED B=0
4.37 | GRANITE| 1 1 1 3| Ww o fkc |Bkow | 1 NH | 335 | 70
4.69 | GRANITE| 2 |
4.89 | GRANITE| 1 1 1 1 WK |BK 10 §-HH | 290 | 25 | SHEARED
FR.ZONE 4.69-4.89
5.21 | GRANITE| 1 1 3 30| su (K [BKW |.5  |WH | 343 | 70
5.56 | GRANITE| 1 1 1 1 sy |kc [BkG |.5  |MH | 310 | 85 PHEARED E=170
5.97 | GRANITE| 1 1 1 2 | su [kc [BKG |.5 |MH | 50 | B0 |SHEARED B=150
6.30 | GRANITE| 1 i 1 2 | s [k [Bk6 |.5 |MH | 220 | S0 |PART INDUCED
6.28 | GRANITE| 2
4.40 | GRANITE| 1 1 1 1 su |k |BKG |.5  [HH 5 | 13 | SHEARED,FART INDUCED
6.44 | GRANITE| 1 1 i 3 | su |KC |BKGW |{.5  |MW | 25 | B0 | SHEARED B=170
6.72 | GRANITE| 1 1 1 3 | su [kC [Bkwe {.5 |MH | 75 |78 | SHEARED
6.81 | BRANITE| 1 1 2 1 Mo [Ke  |ou 1 Hh | 290 | 22
7.13 | GRANITE| 2 go | ee
7.23 | GRANITE| 1 1 3 1 Wo|kc |6 .5 WM [ 300 | 30
7.47 | GRANITE| 1 1 2 2 | su [KC |BKG |.5 |MH | 10 | BS | SHEARED B=160
7.51 | GRANITE| 1 1 1 2 | su |k |ske |.5 lWH |270 |25
B.23 | GRANITE| 1 1 1 3 | su |KCH (BkG |.5  {MH | 195 |80
8.50 | GRANITE| 1 1 3 2 | sw |K [BG |.5 |MH | 320 | 70 |PART INDUCED
8.82 | GRANITE| 1 1 1 2 | s |k [Bk6 |.5 |[WH | 330 | 35 |SHEARED B=120
9.12 | GRANITE| 1 1 ! 1 sW o[k {BKG [.5  |MH | 240 | 12
9.32 | BRANITE| 1 1 1 2 | We o fCE [BRUG | 3 HA-H | 215 | 33
9.59 | GRANITE| 1 1 ! 2 | sv |kc |ou 5 |#H | 210 |55
9.95 | GRANITE| 1 1 1 2 | Hu |kc  |ow 1 WH | 285 | 22
10.21 | GRANITE| 1 1 3 2 | su [kc  fou .5 |4 | 300 | 15 | PARTLY CLOSED
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DISCONTINUITIES AND BREAKS
H5 CONDITION SURFACE HINERALIZATION GRIENTATION
CHARACTERISTICS
DEPTH ROCK | = no el no ca|— no oo | ROUGH-] WEATH-! TYPE | COLOR|THICK-|HARD] BETA|ALPHA | REMARKS
TYWPE | 2mc|ddo|vd~ | NESS |ERING NESS |NESS |(DEG) | (DEG)
ZEERGIEEE R
comTuommEzam
Em3 SFEEE
(H) o> c (KH) (MN)
= .l
.04 | BRANITE| 1 1 2 s¥ [KC  |BKY .5 NH 80 | 55
.15 | GRANITE| 2
.30 | GRANITE 1 1 1 1 H¥ |KC  {BKW .5 B-MH| 30| 7%
.75 | GRANITE} 2
1.39 | GRANITE| 1t 1 2 2 MU [K BKG .5 MH | 290 | 25 | PARTLY INDUCED
1.39 | GRANITE| 1 1 1 3 WY |Kc  |BKGW | .5 MH | 325 | 30 | PARTLY INDUCED
1.78 | GRANITE| 1 1 2 3 MW |KC  |BKGW | .5 HH 95 | 55
1.89 | GRANITE| 1 i 1 2 M |Ke BKGY | .5 HH | 250 | 40 | PARTLY INDUCED
1.90 | GRANITE| 1 1 1 3 T 6 .5 HH 50 | 15
1.97 | BRANITE| 1 1 1 1 MK 6 .5 MH | 325 | 15 | PARTLY,INDUCED
2.24 | GRANITE| 1 1 1 2 Ml |KC 6w .5 Mo | 320 | 25
2.43 | GRANITE 1 1 1 1 HY |kM |G .5 MH | 245 | 25 | FARTLY INDUCED
2.45 | GRANITE| 2
2.76 | BGRANITE| 1 1 2 He |KC |6 .5 MR | 350 | 25 | PARTLY INDUCED
2.76 | GRANITE| 1 1 1 1 Ho K 6 .5 MH 1 310 | 20 | PARTLY IMDUCED
3.55 | GRANITE| 2 t 1 MU |KC  [BKGW |.5 NH 76 | 70
3.75 | GRANITE| 2
4.24 | GRANITE 1 1 3 2 M IKM |BU .5 MH | 270 | 15
4.27 | GRANITE 1 2 25 245 | 30 | SEALED FRACTURE
4.32 | GRANITE| 1 1 1 1 sy |C ] .5 HH 85 | 20
4.71 | BRANITE 1 1 3 2 S¥ |KC  [BKW .5 M | 105 ] 70
4.89 | GRANITE| 2
5.02 | GRANITE 1 1 1 1 ¥y |kC [BRW .5 MK 70 | 20 | MOSTLY SEALED
5.28 | GRANITE 1 2 1 280 | 10 | SEALED FRACTURE
5.39 | GRANITE] 1 1 2 2 TV BKW .5 HH 75 | 50 | PARTLY SEALED
4.28 | GRANITE 1 1 1 2 s¥ K BK .5 MH 275 | 70
6.82 | BRANITE 1 1 1 1 woK BKG 1 MH | 315 | 35 | SHEARED
4.87 | GRANITE| 1 1 1 1 WK BKG .5 MH | 310 | 45 | SHEARED B=315
7.06 | GRANITE] 1 1 k] 2 | s-uu K BK .5 MH | 240 | 40
7.24 | GRANITE| 1 1 2 2 sS4 KL [BKGW |.5 MH 90 | 40
7.26 | GRANITE 1 1 1 1 SU |KC  |BKW .5 who | 315 | 30
B=+0R-20 DEG
7.30 | GRANITE 1 1 1 2 sk  |BKW .5 MH 170 | 45 | T0 7.49
7.38 | GRANITE 1 1 1 2 SH|KC  |EKW .5 MH 100 | 45
7.38 | GRANITE 1 1 1 1 S-MU (K GY .5 MH | 200 | 35 | SHEARED
7.48 | GRANITE 1 1 1 1 MoK BK .5 MH 105 | 50
7.66 | GRANITE 1 1 3 2 We oKL |BKW .5 MH | 335 | 85
B=+DRk-20 DEG
7.74 | GRANITE 1 1 1 1 s4 |k BK .5 MH 45 | 30 T0 8.15
7.79 | BRANITE 1 1 1 1 MoK BK .5 MH 80 | 45
7.90 | GRANITE] i 1 1 se K BK .5 MH 150 | 40
7.90 | GRANITE 1 1 3 H-HU [KE  |BKG 1 H PARTLY INDUCED
8.04 | GRANITE 1 1 1 1 s4 K BK .5 HH 180 | 70 | PARTLY INDUCED
8.05 | GRANITE 1 1 1 1 MU [KC  [BKY .5 HH | 305 | 30 | PARTLY INDUCED
8.15-8.24 CORE LOST
8.24 | GRANITE| 1 1 1 2 MU |KC  |BKGW | .5 MH | 305 | 80 | PARTLY INDUCED
8.25 | BGRANITE 1 1 1 2 MoK BKY .5 HH 45 | 30 :
B.53 | GRANITE| 1 1 1 2 MY KL |BKGW | .5 MM | 300 | 29 | SHEARED
8.56 | GRANITE 1 1 1 1 HW[KEC BKY .5 MH 70 | 20 | SHEARED
8.75 | GRANITE 1 1 1 2 MY K BKG .5 MH 120 | 70
9.09 | BRANITE] 1 1 1 3 MU IKC  [BRGW | .5 MH | 315 | 25 | SHEARED
9.14 | GRANITE 1 1 1 3 WY [KC  [BKGH | .5 MH 70 | 30
9.16 | GRANITE| 1 1 2 3 MU [KC  |BKBU | .5 MH | 310 | 30 | SHEARED
9.32 | GRANITE 1 1 1 3 MU |KC BKGY | .5 NH | 295 | 30
9.84 | BRAWITE 1 1 1 3 MoK BKG .5 MH 190 | 75 | PARTLY INDUCED
11.64 | GRANITE 1 1 1 1 oK BKG .5 HH 105 | 45 | UNCERTAIN ORIENT.
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DISCONTINUITIES AND BREAKS
H6 CONDITION SURFACE MINERALIZATION  [ORIENTATION
CHARACTERISTICS
DEPTH | ROCK | = no calms no cal—s no ca | ROUGH~| WEATH=| TYPE | COLOR | THICK- |HARD{ BETA |ALPHA | RENARKS
TIPE |2 d|ddh bbbt | NESS |ERING NESS |NESS |(DEG) | (DEG)
MR ]
SEEFEEEES
(H) #S3 =1 (HH)
= =
.10 | GRANITE| 1 1 3 1wk e 1 S | 55| &5 | 1/2 GPENED BY Wakp
.29 | GRANITE| 1 1 1 2 | wo [k |6 .5 s | 40| 70 SHEARED
.34 | GRANITE| 1 1 1 B T L .5 s | 335 | 55
.52 | GRANITE| 1 1 1 1| ook e .5 s | 335 | 55
.69 | GRANITE| 1 1 1 2 | wofk e .5 s | 1070
.77 | GRANITE| 1 1 1 1| wo ko |ew 1 5 78
1.08 | GRANITE| 1 1 2 ol om |k e .5 s 80
1.18 | GRANITE| 1 1 i T P .5 s 87 | PARTLY INDUCED
1.41 | GRANITE| 1 1 1 1| W fkc e | .5 5 85
1.58 | GRANITE| 1 1 3 1| o ke e |.s s 75
1.64 | GRANITE| 1 1 3 1 weofkc e | .5 s 75
2.24 | GRANITE| 1 1 1 2 | o[k e .5 s 60
2.48 | GRANITE| 1 1 3 1w [kc feu |5 s 65
2.97 | GRANITE| 1 1 2 1| om ke .5 s 50
2.24 | GRANITE| 1 1 1 2 | W[k e .5 5 60
2.48 | GRANITE| 1 1 3 1| w ke few  |.5 5 45
2.97 | GRANITE| 1 1 2 1| mofk | .5 s 50
3.18 | GRANITE| 1 1 3 v | ow fke e |5 5 é5
4.15 | GRANITE| 1 1 3 1| o fke few |5 B SHEARED
4.38 | GRANITE| 1 1 1 1 | we fke |eks | 2 |WW | 90| 55 | sHEARED
4.50 | GRANITE| 1 1 3 2 | wu ke Bk | 1 |mw | 60| 8o | 2 SHEARED FR. B1=60
4.51 | GRANITE| 1 1 3 2 | W [kc |Bu 190 | 40 | A1=B0;B2=190,42=40
4,65 | GRANITE| 1 1 1 2 | s-ww [kc [skow | 1 [MW | 100 | 40 | SHEARED
4.72 | GRANITE| 1 | 2 2 | Wu [kc  [skow | 1 |WH | 90 | B0 | SHEARED
5.19 | GRANITE| 1 1 2 2 | w ke [me | 1 |mwe | 120 | 55
5.30 | GRANITE| 1 1 1 1 | W [kc |BkBHG | 2 [HH | 100 | 65
5.51 | GRANITE FR.ZONE 5.51-.77
5.77 | GRANITE| 2
6.09 | GRANITE| 2 , RUBBLE 10 6.2
6.25 | GRANITE| | 1 t 2 | W ke (k6 |.5  |HW | 120 | g0
6.41 | GRANITE| 1 1 1 1| w ke | 2 WM | &5 80
6.92 | GRANITE| 1 1 2 vl ome ks 1 | 0 | 85 | SHEARED,PART INDUCE
7.04 | GRANITE| 1 1 1 1w ke feu 3 |ww | 170 | 22
7.16 | GRANITE| 1 1 | 1] omo ke .5 |WH | 265 | 70 | PARTLY INDUCED
7.48 | GRANITE| 1 PERCUS.HOLE IN CORE
7.55 | GRANITE| 1 1 3 2 | sw ke |me |5 |me | 150 | 32
7.61 | GRANITE| 1 1 1 1| su [kc few .5 |mM | 95|15
7.66 | GRANITE| 1 1 1 2 | su [kc [meow |.5  |WH | 295 | 50
8.12 | GRANITE| 1 1 1 30| we o |kc [skow [ 1w | 35|75
8.19 | GRANITE| 1 1 t 2 | su |kc  [sxew |.s 270 | 9
8.36 | GRANITE| 1 1 2 2 | su ke jow  |.5 W | 2107
8.54 | GRANITE| 1 2 c 20 WEATHERED CALCITE
8.48 | GRANITE| 1 2 c 20 WEATHERED CALCITE
8.49 | GRANITE| 1 1 1 2 | su |KCEF |BKB6 |.5  MH-H | 25 | 85 | SHEARED SEVERAL
VEATHERED CALCITE
FRACTURES
9.10 | GRANITE| 1 1 1 1w ke fow 1 |m | 10| &5
9.32 | GRANITE| 1 1 1 I I T I 1 | MM | 195 | 45
9.70-9.90 SEVERAL
EP IDDTE-SEALED FRAC
9.90 | GRANITE| 2
9.99 | GRANITE| 1 1 1 2 | s o1 e 5 |mw | oo 80
10.10 | GRANITE| 2
10.20 | GRANITE| 1 1 3 2 | su [k e |.5  |m | 170 | 50
10.49 | GRANITE| 2
10.69 | GRANITE| 1 1 1 1 | su fkc [mx6 |.5  |mw | 195 | a0
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DISCONTINUITIES AND BREAKS
H7 CONDITION SURFACE HINERALIZATION DRIENTATION
CHARACTERISTICS
DEPTH | ROCK | — n ta|~s n3 ta|s 03 s | ROUGH-| WEATH-{ TYPE | COLOR} THICK- |HARD{ BETA|ALPHA | REMARKS
TWPE |2 m|d o o|bd | NESS |ERING NESS |NESS |(DEG){(DEG)
2E3ReR>5R
SEEEREEE
(H) o> c| oo (HH)
= =
0. SRANITE] 2 0.00 - 15 RUBBLE
.15 | GRANITE 1 i 3 2 56 {K B .5 MH | 280 22
.40 | GRANITE 1 1 3 2 WK B .5 NH | 260 | 80
49 | GRANITE| 1 1 3 3 WK BKG | .5 HH | 150 | 60
.54 | GRANITE 1 1 2 1 HeE 6 1 H | 140 | 45
.79 | GRANITE t 1 3 3 s K BG .5 NH | 150 [ 75 | PART INDUCED
1.08 | GRANITE 1 1 1 1 sH K BKG .5 KH | 175 | BO | ROTATED
1.26 | GRANITE| 3 1 2 sy [k BKG .5 KH | 305 [ 75 | PART INDUCED
1.43 | BGRAMITE 2 2 | S-KU |KF | BKBE 1 KH | 215 | 75
1.41 | GRAMITE 1 1 3 3 s¢ K BKG .5 HH | 220 | 70 | PARTLY INDUCED
1.87 | GRANITE| 2 2151 75
1.90 | GRANITE| 2 245 | 80
2.13 | GRANITE| 2
2.15 | GRANITE| 2 ROTATED
2.18 | GRANITE 1 ! 1 1 SU [KC |BKG .5 NH 35| 70 | ROTATED
2.20 | GRANITE 1 2 1 C U .5 HH | 315 35
2.40 | GRANITE 1 1 1 1 su |k 6 .5 MH | 300} 43 | PARTLY INDUCED
2.58 | BRANITE 1 1 1 1 oK 6 .5 WH | 285 15
2.99 | GRAWITE HIGHLY FRACT ZONE
2.80 | GRANITE 1 1 1 2 sy K BKG .5 ME | 290 | 18
GRANITE 2.99-3.18 RUBBLE
3.18 | GRANITE 1 1 1 1 sW [k BKG .5 NH | 125 80 |[ROTATED,SH.B=150
3.36 | GRAMITE| 1 1 1 1 MU [KC  |BKWG | .5 HH | 120 | 65 | SHEARED B=135
ND LOG 3.51 703.94
3.94 | GRANITE 1 1 1 1 KU |KCF | BKBNG | .5 HH 110 | 70 | SHEARED B=140
4.11 | GRANITE 1 1 3 2 S |KC | BKW .5 MH | 170 ] 55 | ROTATED
4.34 | GRANITE 1 1 2 1 sU |ke  jeu .5 HH 95 | 45 | ROTATED,5H.B=130
4,48 | GRANITE 1 1 1 2 MU [KC  |GBKY | .5 WH | 130 | 70 | SHEARED B=145
4.45 | GRANITE 1 1 3 3 su ke j6BKY | .5 MR | 230 | 75 | SHEARED B=140
4.67 | GRANITE 1 1 1 1 WY |Kc  |ou .5 MH 95| 70 | SHEARED B=130
4.85 | GRANITE 1 1 1 1 MW K |GBKW | .5 MH | 115 70 | SHEARED B=145
4,93 | GRANITE 1 1 1 1 56 K BKG .5 MH 155 | 80 | SHEARED B=140
5.10 | GRANITE 1 1 1 2 s |k 6 .5 HH | t10{ 75
5.15 | GRANITE 1 1 1 2 s (K BKG .5 BH | 185 | B5 | ROTATED
5.41 | GRANITE 1 1 1 1 M |KC  |6BKY | .5 HH O] 315 ] 20
5.68 | GRANITE 1 1 1 3 su |k BK .5 M | 280 | S5
5.87 | GRANITE 1 1 3 2 | S-MY {KC  [BKG .5 NH | 340 70
5.92 | GRAKITE 1 1 1 1 WU |KC | GBKW | .5 NH | 100 | 45
4.07 | BRANITE 1 1 1 K BK 2 HH | 350 25
6.11 | GRANITE 1 t 2 1 Ho|K BKG .5 HH | 250 70 | ROTATED
6.22 | GRANITE 1 1 1 1 su K BKG .5 MH | 220 18
6.31 | GRANITE 1 1 ! 1 MU |KC | GBKW | .5 MH 105 | 45
4.50 | GRANITE 1 1 1 1 SU |KE [BKG .5 [HH-H | 320] 22
4.67 | GRANITE| 2
7.01 | GRANITE 1 1 1 2 SU |KC  |BKGW | .5 HH | 310 35
7.26 | BRANMITE 1 1 1 1 MU [KC  [BKGY | .5 M | 315 17 SAME FRACTURE
7.39 | GRANITE 1 ! 1 1 MW |KC  [BKGU | .5 HHOL 35| 17 SANE FRACTURE
7.54 | GRANITE 1 1 1 1 M |KC | BKM .5 MH | 105 | 45 | FR. ZONE TO 7.78
7.78 | GRANITE 1 1 1 1 Mé |KC | BKGW | .5 MNH | 150 | 10
B.07 | GRAMITE| 2
8.30 | GRANITE 1 1 1 1 SU |KC  |BKGW ] .5 [WH-H | 315 | 25
B.97 | GRANITE 1 2 KE 305 | 20 | SEALED
9.05 | GRANITE 1 1 2 1 WU |KE | BKGW | .5 MH | 315 23 | PARTLY INDUCED
9.49 | GRANITE i 1 1 2 KC | BKU .5 MH 135 ] 45 | PART SHEARED B=330
9.56 | GRANITE 1 1 1 1 Wy [KC | BKU .5 MH | 260 53
10.10 | GRANITE 1 1 1 1 e ke |Bku | .5 HH 105 | 55 | SHEARED ANGLE=310
10.20 | GRANITE| 1 1 1 1 SU |KE | BKG .5 [MH-H | 305 30
10,23 | GRANITE 1 1 1 2 su (K BK .5 H 15| 35
10.32 | GRANITE 1 1 1 1 SU {KCE |BKGW | .5  INH-H | 300 | 30 | FR. ZONE TO 10.49
10.49 | GRANITE[ 2 CORE ROTATED
10.74 | GRANITE 1 1 1 2 M4 [KCE |BKUG | .5 |WH-H | 125 | 40
10.83 | GRANITE 1 1 1 1 MU LK BKG .5 |MH-5| 315 30
10.95 | GRAHITE 1 1 1 1 sé |K BK .5 |MH-H ] 100 | S5 | PARTLY INDUCED
11,03 | GRANITE i 1 1 1 SU |k BKG .5 |MH-H | 315| 25
11.12 | BRANITE 1 1 1 1 WU LK BKG .5 INH-§ | 315 27 | SHEARED ANGLE=320
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DISCONTINUITIES AND BREAKS
H8 CONDITION SURFACE HINERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH ROCK | ~ ro )= 0o cafes 0o 0 | ROUGH-|{ WEATH=]{ TYPE | COLOR [ THICK- |HARD{ BETA|ALPHA | REMARKS
TYPE +held S dlod L | NESS |ERING NESS |NESS |(DEG) | (DEG)
PEEREEESE
CcComzZemie ™M
TR 8Fzc 2
(") o> = 1) (MH)
= =
.10 | GRANITH 2 285 75
.43 | GRANITH 1 1 2 Hd K 6 1 MH | 325 5 140 CN LONG FRACTURE
.62 | GRANITE] 3 2 Ky |KC BH 1 HH | 260 | 28
.94 | GRANITE] E 6 5 H EP VEIN
.96 | GRANITH 3 3 3 HY | E 6 4 H 1701 55
.96 | GRANITE KE 6 FR.ZONE TO 1.16
1.16 | GRANITE] 1 1 3 2 KU K 6 t HH o} 35
1.20 | GRANITE 1 1 3 2 HU | KC 6U 1 MH 20| 20
1.39 | GRANITH 1 1 3 3 B | KC BKEW | 2 S-MH | 195 35
1.48 | GRANITE 1 1 1 1 Ml [ K 6 1 NH 17201 30 PARTLY CLOSED
2.36 | GRANITH 1 1 1 2 S¥ | KC BKGH | .5 HH 147 | &5 | PARTLY INDUCED
2.42 | GRANITH 1 1 1 2 WY | KC BKGY 1 HH 75| so
2.81 | GRANITE 1 1 B 1 MU LK BKGU 1 KH
3.06 | GRANITE 2 1701 80
3.37 | GRANITE 1 1 3 3 MY | K BKG 2 MH | 310 55
3.85 | GRANITE 1 1 3 1 He | KC BK 1 HH 45| 50
4.30 | GRANITH 1 1 1 2 HU (KC BKG i MH 40| 45
4.58 | GRANITE 1 1 3 3 s |KC BKW .5 HH 270 | 20
4.463 | GRANITE 3 1 3 4 sS4 K BKG .5 HH 270 55
4,70 | GRANITE 2
4.80 | GRANITE 1 1 1 3 MY LKC BKGW 1 MK 340 10
5.33 | GRANITE] 1 1 3 3 HU [ KC 6 1 MH | 320 20
5.57 | GRANITE 1 1 1 1 HU KL GBKUY 1 MH 751 42
5.76 | GRANITE 1 1 1 1 HE | KC GBKW | .5 HH | 260 50
5.84 | GRANITE] 1 1 2 1 H-HU | KC GBKY | 2 MH 220| 33 SHEARED
5.86 | GRANITE 1 1 2 2 MY | KC ol 1 MH | 230| 25
5.95 | GRANITE 1 1 B 2 sSU | K BKG .5 MH 115| S0 FARTLY INDUCED
6.26 | GRANITE] 1 1 1 1 5-HU | KC GBKY | .5 HH 80 7 | PARTLY INDUCED
7.00 | GRANITE] 1 i 3 3 sS4 K BK .5 HH 180 | 40
7.04 | GRANITE 2
7.06 | GRANITH 2
7.06 | GRANITH 2
7.41 | GRANITH 1 1 1 2 sU | K BKG | .5 HH 250 | 55 FARTLY INDUCED
7.56 | GRANITE 1 1 1 1 54 | KC BKG .5 HH
7.87 | GRARITH i 1 1 1 SH | KC GuY .5 HH 0 80 PARTLY INDUCED;
SHEARED
8.08 | GRANITE 1 1 1 2 M4 | KC ] 1 HH 40| 80 PARTLY INDBUCED;
SHEARED
8.11 | GRANITH 2
8.20 | GKANITE 1 1 1 2 S4 | KCF | BKBGU| .5 HH 185] 30
8.92 | GRANITH 1 1 i M4 L KC BKGU i MH 85| 43 SHEAREL
9.17 | GRANITH 2 305 | 85
9.83 | GRANITEH 1 1 1 1 ne | Ke BKG .5 HH 80| 40
10.05 | GRANITH 1 1 1 3 H4 | KCF | BKB6 | .5 HH 90| 50
10.28 | GRANITH 1 1 3 3 sU K BKG .5 HH 80| 50 FARTLY INDUCED
10.42 | GRANITH 1 1 3 3 S0 | KC BKG .5 MH 85| &5
10.59 | GRANITH 1 1 1 2 s4 | KC BK .5 HH 260f 45
10.63 | GRANITH 2
10.97 | GRANIT END
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DISCORTINUITIES AND BREAKS
M1 CONDITION SURFACE HINERALIZATION ORJENTATION
CHARACTERISTICS
DEPTH RDCK 80 tt|= 0 Gaf s 0o oo | ROUGH-] WEATH-{ TYPE | COLOR [ THICK- |HARD- BETA}ALPHA { REMARKS
TYPE Thaldholvd NESS [ ERING NESS |NESS [(DEG) | (DEG)
2EEEEICEE
SEESEREEE
B M o=t L] e c
() e | {NH) (NH)
= kel
.01 | BRANITE 2 2
.09 | GRANITE 2 2
«41 | GRANITE 2 2
1.02 | GRANITE 1 1 1 3 s |K G 3 S 200 | 80
1.46 | GRANITE 2 2
2.28 | GRANITE 2 2
2.89 | GRANITE 1 1 1 1 MU [KC Gi ] 5 155 | 30
3.05 | GRARITE 1 1 1 2 SU KM 64U .3 s 69 | S0
3.31 | GRANITE 1 1 1 2 HV K 5 ] 5 280 § 83
.64 | GRANITE i i 3 3 S84 |K [ 35 H 150 | 53
3.76 | GRANITE 1 1 1 ! sU|K [ ] S 130 | 45
3.80 | GRANITE 1 1 2 1 B |[KCE |6W ] HS 275 20
4.45 | GRANITE 1 1 1 1 s¥ K 6 .5 s 275 | 2% SHEARED
4.63 | GRARITE 1 1 1 1 HU  |KC GU .5 K 210 | 35
4.82 | GRANITE 1 1 2 2 s¥ |€ v .3 H 20 | 65
4,96 | GRANITE 1 1 1 3 s¢ [KC ;] -3 s 7201 75
4,98 | GRANITE 1 1 3 2 §W |KC 64 .3 N 80 | S0
5.30 | GRANITE 1 1 ! 3 s |K 3 5 S 95 | 70
5.53 | GRARITE 1 1 3 1 KU {KC 6Y .3 S 75 { 55 SHEARED
§.76 | BRANITE 1 1 i 2 HU |KC 6U ] 5-M 285 | 15
S.94 | GRANITE 2 2
6.55 | GRANITE 1 1 1 2 KU [KE 6 29 ] 200 | 40
6.58 | GRANITE| 1 1 3 2 S¥ K 6 5 s 210 | 70
6.70 | GRARITE 1 1 1 2 N4 JKE 6 -3 L} 280 | 10
6.78 | GRANITE 1 1 3 3 CE GV .5 N 260 | 40
6.89 | GRANITE 3 3 1 N (E 6 5 H 345 | 75 PARTLY INDUCED
6.98 1 GRANITE 1 1 1 1 KU |KC 64 3 E-H 75 ] 60
6.98 | GRANITE 1 1 1 i Hy  [KE 6 ] - 270 { 15
7.81 | GRANITE 1 1 1 2 MU [KC GUY .9 H] 95 | 65
7.84 [ GRANITE 1 1 1 3 LU & .3 S 285 | &5
B.19 [ GRANITE 1 1 3 2 LU 6 .5 HH 275 | 25
B.28 | GRANITE 1 1 1 2 LU G 1 S 85| 83 SHEARED
8.50 | GRANITE 1 1 2 2 (K B .5 S 60 | 45
8.79 | GRANITE 1 1 1 1 W [KC Gu .5 HH 751 55 SHEARED
9.00 | GRARITE 1 1 1 2 HU  KC :1} .3 § 105 | 75
9.07 | GRANITE 1 1 3 2 KU |KCF {6W .5 HH 75 | 60
9.21 | GRARITE 1 1 1 2 Wy (C L] ] HH 55 { &5 ONLY THRU 1/2 CORE
9.25 | GRANITE 1 1 1 2 sy K G .5 s 15 1 &5
9.29 | GRANITE 1 1 1 1 HU jKC 6U 5 S 280 ( 20
10.26 | BRANITE 1 1 1 2 LB LS 6 -3 HH 190 | S50 PARTLY INDUCED
10.46 | BRANITE 1 1 1 2 Hy (C ] 9 HH 40§ 35
10.50 | GRANITE 1 1 1 1 H (K G .5 HH 170 | 60 SHEARED
10.5% | GRANITE 1 1 1 ! HU K i ] KH 160 | 50
10.78 | GRAMITE 1 1 1 1 WY [KC -] .3 HH 90 | 59
10.82 | BGRANITE 1 1 2 2 S |K Y .9 HH 260 1 15
11.13 | GRANITE 1 1 i 1 KU (K 6 .5 HH 160 | 40
11.25 | GRANITE 2
11.31 | BRANITE 1 t 1 1 KU 1KC G .5 HH 90 | S§ SHEARED
11.58 { GRANITE i i 1 2 sV iC U ] LL 240 | 35
11.74 | GRANITE i 1 1 1 KU (K G 5 HH 60 | 30
11.88 | BRANITE 1 1 2 2 sv |C ] ] HH 240 | 25 PARTLY INDUCED
12,06 | GRANITE 1 1 1 2 HY [KC Gy .5 HH 300 | 25
12.21 | BRANITE 1 1 2 2 MU [KCH | 6W .8 HH 300 | 20
12.33 | GRANITE 1 i 1 1 LUBEA G 1 HH 150 | 35
12.37 | GRANITE f 1 1 1 Wy K 6 .3 HH 60 | 45
12,49 | GRANITE 1 1 1 1 KU {KC 6Y o3 HH 40 | 45
13.12 | BRARITE 1 1 1 2 HU {KC -1 .5 MH 230 ¢ 20
13.23 | GRANITE 1 1 1 3 W 3K G .3 KH 180 | 50
13.29 | GRANITE 1 1 1 2 KU [KC 6U .5 HH 180 | 43
13.31 | GRARITE 1 1 3 1 HY |KC Gu .3 NH 310 [ 20
13.45 [ GRANITE 3 i i MK 6 .3 HH 160 | 45
13.64 | BRANITE 1 1 1 1 HE IKC 6U .5 HH 40 | 45
13.69 | GRANITE 1 1 3 3 sH (K [ o3 KH 165 | 60
14.00 | GRANITE i 1 1 1 HU LKL 6U ] 1] 551 30
14,03 | GRARITE 1 1 1 2 HY | KC 64 .3 S 59| 30
14,20 [ GRANITE 1 1 1 2 LU 6 ] s 320 | 20 SHEARED
14,49 | GRANITE 1 1 1 3 B¢ JKC Gy .5 HH 85 | S0
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DISCONTINUITIES AND BREAKS

M2 CONDITION SURFACE HINERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH ROCK | = no ct}= n3 caf= a0 o1 | ROUGH=-| WEATH-{ TYPE | COLOR|THICK- |HARD{ BETA|ALPHA | REMARKS
TYPE zmloddlvd s~ | NESS |ERING NESS |NESS [(DEG) | (DEG)
> XEEI|TODI =R
CEmERRES M
Ema SF3EE
(K) o> I~ (LY (MN)
-4 =
.08 | GRANITE 2 2
.24 | GRANITE 2 2
.61 | GRANITE 1 1 3 1 MU (K |ou .5 5 185 | 75
.70 | GRANITE 2 2
1.38 | GRANITE 1 1 3 2 MK 6 5 5 45 | 65
1.43 | GRANITE] 2 2
1.59 | GRANITE 1 1 1 2 Hy|KC [ 5 § | 255 | 40 SHEARED
2.73 | GRANITE 1 1 3 3 sy |c 1 .5 ] 60 | 20
2.83 | GRANITE 1 1 3 S¥ |KE 6 .5 5- N 280 | 85
3.06 | GRANITE 1 1 1 1 My |CE Gy .5 ] 150 | 85
3.23 | GRANITE 1 1 1 2 s¢ |c ¥ .5 Gt 0| 85
3.25 | GRANITE 1 1 1 2 MU IKCE |G .5 M-S 100 | 20
3.41 | GRANITE 1 1 1 2 MU |C 1] .5 i 110 | 50
3.77 | GRANITE 1 1 1 3 sS4 |E 6 .5 K 70 | 40
4.14 | GRANITE 1 1 2 1 M [KEC Gy .5 § | 285 | 15
4.24 | GRAMITE 2 2
4.70 | GRANITE 1 1 1 1 Nu o |KC GY .5 5-H 160 | 40
4.71 | GRANITE 1 1 1 2 MY JKE 6 .5 § | 270 | 20
4.99 | GRANITE 1 1 3 2 SV |KE 6 .5 § | 270 | 40
5.50 | GRANITE 1 1 3 2 S0 K 6 .5 5 290 | 50
5.75 | GRANITE 2 2
5.81 | GRANITE 1 1 3 3 S8 |E ] .5 M 330 | 40
5.81 | GRANITE 1 1 1 3 sy |C U .5 | 210 10
5.98 | GRANITE 1 1 1 5 50 |K [ .5 s 180 | 45
5.99 | GRANITE 1 1 1 2 MUK 6 .5 S | 240 25
6.13 | GRANITE 2 2
6.27 | GRANITE 1 2 E G 20 180 | 30 SEALED EF ZONE
6.56 | GRANITE 2 2
6.59 | GRANITE 1 1 3 3 B (K 64 .5 § | 300 5
4.75 | GRANITE 1 1 2 3 MU lKe Gy .5 s 130 | 10
4.83 | GRANITE MANY FR. 6.83-4.91
4.87 | GRANITE 1 1 1 2 Holc RY .5 N 20 | 30
6.89 | GRANITE 1 1 1 2 HU 1K 6 5 s | 280 15
6.91 | GRANITE 3 3 4 S0 [K G .5 5 90
6.91 | GRANITE 1 1 1 1 sU |k (1] .5 5-4 | 275 | 10
$.93 | GRANITE 1 1 3 2 su |C ] .5 HH 35| 50
7.03 | GRANITE 1 1 2 2 sS4 |C W .5 HH 40 | 35 | ONLY THRU 1/2 CORE
7.03 | BGRANITE 1 1 2 2 HY |K 6 .5 § 100 | 30
7.14 | GRANITE 1 1 1 2 Me o KC ] .5 s | 280 25
7.15 | GRANITE 1 1 1 1 HY K 6 1 s | 250 | 20
7.37 | GRANITE 3 3 2 sU K 6 .5 HH | 360 | 80 | PARTLY IMDUCED
7.59 | GRANITE 2
7.93 | GRANITE 1 1 2 1 HY KT Gy .5 MH 25| 75
8.21 | GRANITE 1 1 1 1 B |KC Y .5 § | 300 50 SHEARED
8.21 | GRANITE 1 1 1 2 H o |KC 64 .5 MH 45 | 45
8.48 | GRANITE 1 1 1 2 Wy oK G 1 § | 350 70
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DISCONTINUITIES AND BREAKS
M4 CONDITION SURFACE HINERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH ROCK | = n ca}= mo af=s to tu | ROUGH-| UEATH-| TYPE | COLOR | THICK-|HARD{ BETA|ALPHA | REMARKS
TVWPE |zwmcloddloea s | NESS {ERING NESS [NESS |(DEG)|(DEG)
2SR EEER
SERITaRBESS
D M -y = - —
(H) rox = | ) (MH)
= =
.04 | GRANITE 2
.09 | GRARITE| 1 1 1 1 WK BK .5 HH 70 | 25
.10 | GRANITE 1 1 1 2 sy |t ] .5 HH | 350 | 15 | WOSTLY CLOSED
.18 | GRANITE 1 1 1 1 su | BK .5 MH | 125{ 40 | PARTLY INDUCED
.29 | GRANITE 1 1 i 1 s |K BK .5 M 80 | 40
.32 | GRAWITE 1 1 1 1 sW ke {BK .5 HH | 260 20
.35 | GRANITE 1 1 1 1 sy [k BK .5 NH 75| 50 | SHEARED
.44 | BGRANITE 1 1 2 1 SU {KC |BKY .5 KH 90 | 40 | B=150
.4 GRANITE 1 1 1 1 S4 KL  {BK .5 iiH 851 55
.49 | GRANITE 1 1 1 1 s4 |kC  |BK .5 HH 80 | 45
.74 | GRANITE! 1 1 2 1 He ke BK 1 HH 45 1 45
.79 | GRANITE 1 1 1 1 S-#W |KC  |BKM .5 HH 70 | 55
.85 | GRANITE i 1 1 1 5-HW |KC  |BKUW .5 MH 55 | 55
.97 | GRANITE 1 1 1 2 WY [KM  [BK .5 [B-MH | 285 | 35 | END OF FRALTURE .98
.98 | GRANITE 1 1 1 1 W [k [Bru .5 HH 150 | 25
1.05 | GRANITE 1 1 2 1 K-HY [KC  |BKY 5 WH | 270 | 45 | 2 FR;SHEARED,B=315
1.25 | GRANITE 1 1 2 1 s4 [KC  [BKY .5 HH 80 | 50
1.28 | GRANITE 1 1 1 2 MW [KC  |BKY .5 HH 75 | 720 | SHEARED,B=145
1.34 | GRANITE 1 1 1 2 WM [KC  [BKW .5 MH 80 | 55
1.46 | GRANITE 1 1 1 2 su KL |BKU .5 MH 90
1.76 | GRANITE| 1 1 1 1 HY |KC  |BKG 3 B-MH | 270 | 15
1.86 | GRANITE 1 1 3 2 sS4 {KC  |BKW .5 MH 130 | 80
.86 | GRANITE 1 1 2 1 sS4 |KE BKU .5 HH 45 | 55 | OPENED BY LOGGER
1.88 | GRANITE| 2
1.90 | GRANITE| 2
2.09 | GRAMNITE 1 1 2 2 WY IKC  |BKW .5 HH &5 | 35
2.36 | GRANITE 1 1 1 1 s K BK .5 HH | 270 | 75
2.42 | GRANITE 1 2 ¥ BKG 1 180 | 45 | SEALED WITH X
2.46 | GRAMITE 1 1 1 1 S K BK .5 KH | 300 | 70
2.58 | GRANITE 1 2 E 5 H | 175 | s0
2.42 | GRANITE| 2
2.49 | BRANITE 1 2 K 6 2 HH | 145 | 30
3.05 | GRANITE 1 1 1 2 KK BKG .5 MH | 295 | 30
3.11 | GRANITE 1 2 .5 305 | 10
3.42 | GRANITE 1 1 3 2 HU ke |BRU .5 MM | 270 | 40
3.54 | GRANITE 1 1 1 1 He [k BKG .5 HH | 285 | 40 | SHEARED,B=320
3.61 | BRANITE 1 1 1 1 MK BK .5 HH 55 | 85
3.68 | GRAMITE 1 2 X 6 3 HH 185 | 30
4,11 | GRANITE 1 1 2 1 S8 KL  |BKW .5 HH 90 § 50 | PARTLY INDUCED
4.17 | GRAMITE 1 2 6 160 | 10
4.31 | GRANITE 1 2 C ¥ .5 HH 90 | 50
4,42 | GRANITE 1 1 2 1 KC  {6uY .5 MH | 300 | 40
4.59 | GRANITE 1 2 K 6 1 155 | 25
4.68 | GRANITE 1 1 2 1 woK G 1 HWH | 180 | 25
4.68 | GRANITE 1 2 KE SEALED FR,4.68-4.84
4.74 | GRANITE| 2
4.76 | GRANITE 1 2 E 5 175 | 35
4.84 | BRANITE| 2
5.03 | GRANITE 1 1 2 2 s K BK .5 MH | 185 | 20
5.15 | GRANITE| 2 :
5.17 | GRANITE 1 2 E 4 230 | 15
5.31 | GRANITE 1 2 E 8 165 | 25
5.31 | GRANITE 1 1 .5 90 | PARTLY OPEN
5.34 | GRANITE| 2
5.5t | GRANITE 1 1 1 s4 KL [BK .5 ¥H 40 | 3 | NDSTLY INDUCED
5.62 | GRANITE 1 1 2 sS4 JKC  IBKW .5 MH 115 | 55
5.73 | GRARITE 1 1 1 1 HE IKC [BKW | .5 NH 85 | 40
5.82 | GRARITE i 2 K .5 270 | 40 | SEALED FRACTURE
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DISCONTINUITIES AND BREAKS
M4 CONDITION SURFACE ALRERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH ROCK — 2 o1l= 13 0| = 0o w | ROUGH-| WEATH-1 TYPE | COLOR | THICK~ [HARD BETA]ALPHA | REMARKS
TYPE b ovoe | HESS |ERING NESS |NESS [(DEG) | (DEG)
ZEEmoI> 5™
SERFmElERD
") ?QE = ”':E (MNH) (MK )
= -
5.84 | GRANITE 1 2 K .5 275 | 55 SEALED FRACTURE
5.87 | GRANITE 1 1 ! 2 HY KL BKY G Hid 80 | 55
6.01 | GRANITE 1 2 .5 1251 40 UITH K Ok EP
6.18 | GRANITE 1 1 1 1 HY  [KC BKY .5 MH 250 | 70 SHEARED
6.20 | GRAMNITE 1 1 1 1 WU JKC BKY .5 HH 95 | 45 SHEARED, B=80
4.35 | GRANITE 1 2 K 1 SEALED FRACTURE
6.45 | GRAMITE 1 1 1 1 su K BK .5 HH 260 | 60
6.54 | GRANITE 1 2 K 1 110 {7 SEALED FR,A=55-70
7.00 | GRANITE 1 1 3 1 MY [KC BKU 2 HH 60 | 40
7.05 | GRANITE 1 1 1 1 s¥ KL BKBW .5 HH 110 | 45
7.10 | GRANITE 1 1 1 2 sS4 [KC BKG .5 HH 75 | 45
7.18 | GRANITE 1 i 2 1 S-HY |KC BKW .5 MH 90 | 40
7.21 | GRANITE 1 1 1 1 He  KEC BKY .5 - HH 95 | 45 SHEARED ,B=120
7.31 | GRANITE 1 2 K 1 80 | 35 SEALED FRACTURE
7.35 | GRANITE 1 i 1 1 WU KC BKY .5 HH 90 | 40 SHEARED,B=145
7.48 | GRANITE 1 1 1 1 M |KC BKW 1 HH 115 | 45
7.51 | GRANITE 1 1 1 1 sy |Ke BKU .5 MH 105 | 50 SHEARED,B=165
7.57 | GRANITE 1 1 1 1 sy [ke BKY .5 MH 105 | 50
7.65 | GRANITE 1 1 1 1 sS4 KC BKU .5 HH 100 | 50 SHEARED, B=160
7.71 | GRANITE 1 1 1 2 s4 ke BKM .5 MH 110 | 40 SHEARED, =180
7.88 | GRANITE 1 1 2 1 KU KL BK .5 HH 110 | 55
7.97 | GRANITE 1 2 K [ 4 320 1 65 SEALED FRACTURE
8.14 | GRANITE 1 1 1 1 K BK .5 HH 105 | 40 SHEARED,B=155
8.35 | GRANITE 1 1 1 1 MY K BK .5 HH 255 | 75
8.40 | GRANITE 1 1 1 1 S-HW [KC BKU .5 MH 85 | 40
B.45 | GRANITE 1 1 3 2 54 [k BK 5 MH 70 | 70
B.47 | GRANITE 1 1 2 1 MK BK .5 HH 85 | 45
8.53 | GRANITE 1 1 3 1 S5 K BK .5 MH 85 | 50
8.41 | GRANITE 1 1 2 1 He o ke BKBW |.5 HH 105 | 70 SHEARED, B=155
8.76 | GRANITE 1 2 K 1 MANY SEALED FRACT;
B=70-90,4=50-55
8.80 | GRANITE 1 1 3 2 sy K BK .5 HH 210 | 70
8.85 | GRANITE 1 2 K 1 MANY SEALED FRACT,
8.85-8.86;
B=110-115,A=45-55
9.43 | GRANITE 1 1 1 1 s4 |t Y .5 HH 20 | 80
9.51 | GRANITE 1 1 3 2 sU K BK .5 MH 90 | 65
9.54 | GRANITE 1 1 1 2 s K BK .5 HH 80 | S5
9.77 | GRANITE 1 1 1 2 sk BK .5 HH 75 | 70
10.05 | GRANITE 2
10.09 | GRANITE 1 2 KE 1 80 | 50 | SEALED FRACTURE
10.83 | GRANITE 1 2 KE 1 75 | 40 10 SEALED FRACTURES
10.09-10.83;4250-40
10.83 | GRAMITE 1 1 1 2 TR BK .5 HH 75 | 45
10.91 | GRANITE 1 1 1 1 TR (o BKY 2 MH 320 | 45 SHEARED, E=315
11.04 | GRANITE 1 1 1 1 MY HC BKY .5 MH 80 | 55
11.09 PEGHATITH 340 | 65 30MM
11.12 | GRANITE
11,23 | GRANITE 1 1 1 1 s¥ K BK .5 HH 65 | &5
11.30 | GRANITE 1 2 E 1 285 | 45 1 SEALED FRACTURE
11.46 | GRANITE 1 1 1 2 HY KC BKY .5 HH 65 | &0
11.50 | GRANITE 1 1 t 2 sU K BK .5 MH 50 | 50 PARTLY INDUCED
11.88 | GRANITE 1 1 2 2 HY IKC BKU .5 HH 275 | 25
12.55 | GRANITE 1 1 1 2 S-HY K BK .5 HH 320 | 80 PARTLY INDUCED
12.82 | GRANITE 1 1 1 1 He o [KC BKG .5 MH 75 | 70 SHEARED,B=130
12.88 | GRANITE 1 1 3 2 My K BKY .5 HH 175 | 75
12.94 | GRANITE 1 1 3 3 50 [k BK .5 MH 270 | 60
13,09 | GRANITE 1 1 2 2 U K BKG 1 NH 295 | 30
13.58 | GRANITE 1 2 C 1 110 | 40 SEALED FRACTURE
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DISCONTINUITIES AND BREAKS
M5 CONDITION SURFACE HINERALIZATION ORIENTATION
CHARACTERISTICS
DEPTH ROCK | = 0 ta)= n3 el no o | ROUGH-]WEATH-} TYPE | COLOR|THICK- |HARD{ BETA|ALPHA | REMARKS
TYPE el bd|oms | NESS |ERING NESS |NESS [(DEG){{(DEG)
2EEmoDsE o
R R
D> M - - E - -~
(H) o> o (MH)
= b
.03 1 GRANITE| 3 3 2 sy (K BK6 | .5 HH 220 | 55
.13 | GRANITE 1 1 2 2 MK BK 2 HH 2951 45
.56 | GRAMITE 1 1 2 2 §-HY |K BK .5 HH | 200} &0
.79 | GRANITE 1 1 i 2 54 K BK .5 MH 3251 55
.84 | GRANITE 1 1 2 2 S8 K BK .5 HH 270 | 50
.93 | GRANITE i 345 | 55
.98 | BGRANITE 2
1.34 | GRANITE 1 1 1 1 #y |{kC |BKUY .5 MH 180 | 35
1.52 | GRANITE 1 1 2 2 MU |KeC BKGU | .5 HH 215 | 45
1.58 | GRANMITE 1 1 1 2 sy |K BK .5 NH 180 | 85
1.59 | GRANITE 1 1 1 2 WK BK .5 NH 170 | 65
1.41 | GRANITE i 1 1 1 Me K BK .5 NH 180 | 65 SHEARED, B=150
1.65 | GRANITE 1 1 1 1 MY K BK .5 MR 190 | 50 SHEARED,B=135
1.70 | GRANITE 1 1 1 1 MY K BK .5 NH 225 | 50 THO SUBPARALLEL
FRACTURES
1.74 | GRANITE 1 1 1 2 MK BKG .5 HH 75| 40 | SHEARED=155
1.80 | GRARITE 1 1 1 2 MU (K BK .5 MH 160 | 50
2.80 | GRANITE 1 1 1 1 MU [KC BK .5 MH 80 [ 40
2.2 | GRAMITE 2
2.26 | GRANITE 1 (I SO 1 HH K BKG .5 HH 165 20
2.33 | GRANITE 1 1 3 2 sy K BK .5 HH | 215 ]| 75
2.50 | GRANITE 2
2.87 | GRANITE 1 1 t 1 S0 K BK .5 ] 70| S0
3.33 | GRANITE 1 1 2 2 MY [KC BK 1 MH 35| 45 SHEARED,B=300
3.41 | GRANITE 1 1 1 2 MY K BK .5 MH | 315 | 60 SHEARED,B=310
3.47 | GRANITE 1 1 1 2 su[KC BK .5 NH 65| 40
3.54 | GRANITE 1 1 2 1 My K 6 .5 MH 30| 35 | SHEARED B=310
3.58 | GRANITE 1 1 1 1 sS4 |KC BK .5 HH 70| 50
3.58 | GRANITE 1 1 2 1 sU |K BK .5 MH | 235 45
3.69 | GRANITE 1 1 3 HW |KE | BKG .5 H | 230 75 | PARTLY LOST
3.49 | GRANITE 1 1 3 2 SU |K BK .5 MH 90
3.95 | GRANITE 1 1 1 1 SH K BK .5 MH 85| 35 | PART INDULED
4.09 | BGRANITE 1 1 1 1 HY lKC BKY .5 MH 80| 35 SHEARED,B=140
4.29 | GRANITE 1 1 1 2 su |k BK .5 NH | 230 45
4.31 | GRANITE 1 1 1 1 su K BK .5 MH 80 | 40 SHEARED, B=155
4.43 | GRANITE 1 2 K 1 75| 45 | SEALED FRACTURE
4.53 | GRANITE 1 2 K 1 270 | 15 SEALED FRACTURE
4,55 | GRANITE 1 2 Kl 1 95| 45 | SEALED FRACTURE
4.649 | GRANITE 1 1 1 2 sy |k BK .5 HH | 250 &5
4.70 | GRANITE 1 1 1 1 sd |k BK o5 HH 90| 40
4.81 | GRANITE 1 1 2 1 H-HU |C RY 1 HH 35] 75 | MICROCLINE
4.88 | GRANITE 1 2 E 2 315 | 50 SEALED FR;HICROCLIN
4.98 | GRANITE 1 1 1 2 WK BKG .5 MH | 295| 25 | SHEARED,B=0
5.07 | GRANITE 1 1 1 1 MY [KC BKGY | .5 HH 351 20
5.11 | GRANITE 1 1 1 1 S-HU | KC BKY .5 KH 85| 40
5.11 | GRANITE 1 1 2 1 My |k 6 .5 HH | 340 50 SHEARED, B=315
5.12 { GRANITE 1 1 1 1 Hy | KC 6 .5 MH | 310] 40 | SHEAKEL,B=320
5.18 | GRANITE 1 1 1 2 s¥ K BK .5 HH 90
5.29 | GRANITE 1 1 1 2 S¥ |KC BKY .5 HH 40| 45
5.44 | GRANITE 1 1 1 1 54 |K BK .5 MH | 280 85
5.70 | GRANITE 1 1 1 1 s4 |K BK .5 HH | 255| 75
5.85 | GRANITE 1 1 1 1 S8 |KC BKY .5 MH | 240 70
5.93 | GRANITE 1 1 f i S0 |K BK .5 MH | 250 70
5.98 | GRANITE 1 1 1 2 sy |KC BKY .5 MH | 230 75 PARTLY INDUCED
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DISCONTINUITIES AND BREAKS
M5 CONDITION SURFACE HINERALIZATION CRIENTATION
CHARACTERISTICS
DEPTH ROCK | = ro cul= s ea|—= o o | ROUGH-] UEATH-| TYPE | COLOR | THICK-{HARD{ BETA|ALPHA | RENARKS
TYPE 2 dldd Slod o~ | NESS [ERING NESS |NESS {(DEG) {(DEG)
ZEEmoZeE o
SEE-EREEE
") Fez = o (NH)
= =
6.12 | GRANITE 1 ' 2 se |C U [ .5 | MM 35| 75
6.14 | GRANITE 1 1 1 s4 K BK .5 MH | 250 | 65
6.34 | GRANITE 1 2 K BK i go| s0 SEALED FRACTURE
6.39 | GRANITE| 1 1 2 1 54 {KC | BKUM .5 HH | 335| B0
6.51 | GRANITE 1 2 3 ) 3
4.96 | GRANITE 1 2 K 1 230 | 40
7.38 | GRANITE i i 2 2 sy 1y BY .5 M4 | 295 S0
7.55 | GRANITE 1 1 1 1 s |K BK .5 MH | 355] 65
7.55 | GRANITE 1 1 1 1 Sy [KC | BKY .5 MH 1101 60
7.64 | GRANITE 1 1 1 2 sU |KC | BKu .5 HH 25| &0
7.44 | GRANITE 1 1 t t s K BK .5 MH 190{ 25 | PARTLY INDUCED
7.74 | GRANITE 1 2 BK 1 H | 200} 25 | SEALED FRACTURE
8.23 | GRANITE t 1 2 t sS4 |KC | BKY .5 HH 100| 40
8.51 | GRANITE 1 2 K 1 2720 15
8.41 | GRANITE 1 1 3 2 54 (K BK .5 HH | 250 | 45 | PARTLY CLOSED
FR ZONE,8.59-B.41;
PARALLEL TO 8.41 FR.
8.76 | GRANITE 2
8.94 | GRANITE 1 1 2 2 su | KC | BKY .5 MH 951 35
10.10 | GRANITE} 2
10.88 | GRANITE 1 1 1 2 sy | K BK .5 NH 120 50
11.32 | GRANITE 1 1 3 2 s | K BK .5 HH 125 55
11.54 | GRARITE 1 1 1 1 s K BK .5 MH | 230| 25 | MOSTLY CLOSEB
11.42 | GRANITE| 2
12.04 | GRANITE] 2
12.04 | GRANITE 1 2 E 2 175| 30 | SEALED FRACTURE
12.23 | GRANITE 1 2 3 £ 2 SEALED FRACTURE
12.27 | GRANITE 1 1 2 t M| E 5 1 H | 325 PARTLY INBUCED
12.31 | GRANITE 1 2 E 2 210 55
12.31 | GRAMITE 1 2 KE 1 SEALED FRACTURE
B=145-170,A=30-35
13.11 | GRANITE} 2
13.23 | GRANITE 1 2 E 3 175| 30 | SEALED FRACTURE
13.23 | GRANITE 1 2 3 2 SEALED FR,13.23-79
13.75 | GRANITE 1 2 KC 1 325| 15 | SEALED FRACTURED
13.79 | GRANITE t 1 2 1 s4 |E 6 .5 H 210 55
<BOTTOH OF FILE>
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APPENDIX B. Photographs of Time-Scale Experiment Core Samples
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Borehole M5, 0 - 13.79 m (XBC 784-3963)



0 ‘€3 @10ya.09

—_—~

=t

M~

o0

N

<

0

M~

- (8]

[aa]

><
N

=

: M~

O

o

<3

e

]

(1/8e-¥8L 29X) W 80°¥T - 0 ‘I3 dl0ys4og




94

GVEANEY,
X I
0071958
aeaey

i8R XX Ly

e R R N T 2 e B e

Borehole E4, 0 - 14.58 m (XBC 784-3877)

Borehole E5, 0 - 13.90 m (XBC 784-3876)
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Borehole H2, 0 - 11.77 m (XBC 784-3870)



Boreho]e H3, 0 - 10.85 m (XBC 784-3879)

‘&u

Borehole H4, 0 - 6.28 m (XBC 784-3890)
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Borehole H4, 6.28 - 10.48 m (XBC 784-3891)
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Borehole H5, 0 - 11.07 m (XBC 784-3889)

Borehole H6, 0 - 10.82 m (XBC 784-3880)
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Borehole H7, 0 - 11.18 m (XBC 784-3894)
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Borehole H8, 0 - 10.97 m (XBC 784-3888)
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APPENDIX C. Stereonet Plots of Fracture Poles for Time-Scale
Experiment Boreholes
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Time Scale Experiment
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Time Scale Experiment
Hole H5

Lower hemisphere
Wulff Net

XBL 798-11234
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Time Scale Experiment
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Mag. N

Time Scale Experiment
Hole H7

Lower hemisphere
Wulff Net

XBL 798-11235
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Time Scale Experiment
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Time Scale Experiment
Hole M1
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Time Scale Experiment
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