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ABSTRACT

This report covers a project to identify existing underground open-
ings which may be utilized as facilities for geomechanical, geochemical
and hydrogeologic tests pertinent to the isolation of radioactive wastes
in crystalline rock. With a few exceptions, crystalline rocks in this
study were limited to plutonic rocks and medium to high-grade metamorphic
rocks. A review of the literature was conducted, based primarily on MAS,
the Minerals Availability System of the U.S. Bureau of Mines and to a
lesser extent on CRIB, the Computerized Resources Information Bank of the
U.S. Geological Survey, and GEOREF. Nearly 1700 underground mines, possibly
occurring in crystalline rock, were initially identified. Application of
criteria, which included:

o Crystalline rock
Depths below 600 feet
Workings of adequate size to provide for a Stripa-sized facility

Workings open within the past 10 years and not flooded or caved

Workings below the water table

e Good rock support
resulted in the identification of 60 potential sites. Within this number,
26 mines (''class 1') and 4 civil works were identified as having potential
in that they fulfilled the criteria; these are summarized in detail. Thirty
mines ("class 2'") may have similar potential if information on one or more
criteria is obtained; information on these mines is tabulated.

Most of the mines identified are near the contact between a pluton and
older sedimentary, volcanic and metamorphic rocks. However, some mines
and the civil works are well within plutonic or metamorphic rock masses.
Civil works, notably underground galleries associated with pumped storage
hydroelectric facilities, are generally located in tectonically stable
regions, in relatively homogeneous crystalline rock bodies.

A program is recommended which would identify one or more sites
where a concordance exists between geologic setting, company amenability,

accessibility and facilities to conduct in situ tests in crystalline rock.



ii

TABLE OF CONTENTS

Abstract

Table of Contents

List of Figures and Tables

Acknowledgements
Introduction
I. Identification and Selection Processes
1T1. Summaries of Information
I1I. Conclusions and Recommendations
IV. Descriptions of ''class 1" Mines and Civil Works
MINES
Arizona
Lakeshore Mine
Miami East Mine
San Manuel/Kalamazoo Mine
California
Pine Creek Mine
Colorado
Climax Mine
Schwartzwalder Mine
Urad Mine/Henderson Mine
Colorado School of Mines, Experimental Mine
Idaho

Lost Packer Mine
Coeur d'Alene District

Dayrock Mine

Page

ii

Xix

21
25

27

27
37

47

63

75
89
99

109

117
125

143



Idaho (cont.)
Star-Morning Mine
Coeur Mine
Maine
Black Hawk (second pond) - Blue Hill Mine
Minnesota
Minnamax Project and Ely Prospect
Montana
Black Pine Mine
Butte Mining District and Butte Underground Mines
Leonard Mine
Steward Mine
Granite-Bimetallic Mine
Nevada
Tem Piute District
New Jersey
Mount Hope and Scrub Oaks Mines
New Mexico
Questa Molybdenum Mine
New York
Balmat-Edwards District Mines
Lyon Mountain District
South Dakota
Homestake Mine
Tennessee

Ducktown District

iii

Page

147

151

155

163

171

183

194

197

201

209

217

231

245

257

265

285



iv

Page
Washington
Holden Mine 295
Wyoming
Sunrise Mine 307
CIVIL WORKS 315

California

Helms Underground Powerhouse - Pumped Storage Project 317
Idaho

Dworshak Dam Site 325

Nevada

Nevada Test Site - Climax Stock 331

South Carolina

Bad Creek Pumped Storage Project 343
Bibliography 349
Index 411
Appendix 1 - Sources of Information 443

Appendix 2 ~ Mines in Crystalline Rocks Considered for Study 457




LIST OF FIGURES AND TABLES

Page
I. Identification and Selection Process 6
Figure 1. Identification and selection process
for potential underground sites
II. Summaries of Information
Figure 1. Location of underground workings on 10, 11
map of the United States
Table 1. ""Class 1" mines 12, 13, 14
Table 2. "Class 2'" mines l6, 17, 18, 19
III. Conclusions and Recommendations
Iv. Descriptions of 'class 1" mines and civil works
MINES
Arizona
Lakeshore Mine
Figure 1. Location map of the Lakeshore ore 28
body, Pinal County, Arizona (Hallof, 1974)
Figure 2. Preliminary geology of the Lake- 30
shore Mine area has been largely inter-
preted from drill hole data., Cross section
A-A' is seen as Figure 3 (Harper, 1969)
Figure 3. Geologic section A-A' of Lakeshore 30
ore deposit (Harper, 1969)
Figure 4. North-south and east-west cross 33
sections of Lakeshore deposit illustrating
the three zones of mineralization: oxide,
sulfide, and tactite (EMJ, June, 1969)
Table 1. Lakeshore Mine rock properties 35
(Board, 1974)
Miami East Mine
Figure 1. Index map of Arizona showing loca- 38

tion of Globe quadrangle (Peterson, 1951)



vi

Page

Figure 2. Geologic sketch map of Globe 39
quadrangle, Arizona. Data from Ransome
with modifications (Peterson, 1951)

Figure 3a. Geologic plan and sections, In- 41
spiration Mine, Gila County, Arizona
(Olmstead, 1966)

Figure 3b. Geologic map of Miami area 43
(Peterson, 1962)

San Manuel/Kalamazoo Mine

Figure 1. Sketch map showing principal towns 48
and topographic features in the area sur-
rounding the San Manuel district, Arizona
(Schwartz, 1953)

Figure 2. Geologic map of area around San 49
Manuel and Tiger, Arizona (Schwartz,
1953)

Figure 3. Geologic map of the San Manuel 51
area (Lowell, 1968)

Figure 4. Schematic drawings showing pos- 53
sible origin of Kalamazoo ore body
(Lowell, 1968)

Figure 5. Geology of 1,475 haulage level 54
(Thomas, 1966)

Figure 6. Idealized cross section looking 55
northeast (Thomas, 1966)

Figure 7. Idealized longitudinal section 56
looking northwest (Thomas, 1966)

Table 1. Summary of quartz monzonite 59
Brazilian test data (Kendorski, 1976)

Table 2. Quartz monzonite compression test 59
summary (Kendorski, 1976)

California

Pine Creek Mine

Figure 1. Location map of the Bishop, Cali- 64
fornia area (Bateman, 1965)



vii

Page

Figure 2. Geology of the Mount Tom quad- 65
rangle (Gray, 1968)

Table 1. Geologic column (Gray, 1968) 66

Figure 3. Surface geology of Pine Creek Mine 69
and vicinity (Gray, 1968)

Figure 4. Block diagram of Pine Creek Mine, 71
California (Bateman, 1965)

Coloxado
Climax Mine

Figure 1. Relationship of Climax to the 76
Colorado mineral belt (Wallace, 1968)

Figure 2. Generalized bedrock geology of the 77
Climax area (Wallace, 1968)

Figure 3. Diagrammatic sections showing mul- 79
tiple intrusion and mineralization, and
progressive tilting (Amax, 1974+)

Figure 4. Cross section, showing generalized 81
geology and ore zones (Wallace, 1968)

Figure 5. Cut-away diagram of Climax Mine 83
(Amax, 1974+)

Figure 6. Production levels at Climax Mine 84
(Amax, 1974+)

Figure 7. Phillipson level, showing general- 85
ized geology and ore zones (Wallace, 1968)

Schwartzwalder Mine

Figure 1. Map of Colorado-Denver mountain 90
area

Figure 2. Simplified geologic map of Ralston 91
Buttes district, Jefferson County, showing
the principal uranium deposits {Sims, 1964)

Figure 3. Simplified geologic map of the 93

Schwartzwalder Mine area Ralston Butte
district, Jefferson County (Sims, 1964)



viii

Figure 4. Geologic section of the Schwartz-
walder Mine, Ralson Butte district, Jef-
ferson County (Sims, 1964)

Figure 5. Recent cross section of Schwartz-
walder Mine with level map (EMJ, Nov. 1978)

Urad Mine/Henderson Mine

Figure 1. Generalized surface geologic map of
Red Mountain showing location of section
480 H (Ranta, 1976)

Figure 2. Generalized geologic section 480 H
(Ranta, 1976)

Figure 3. The complexity and number of de-
velopment openings needed for mining the
Henderson are enormous . . .(Hoppe, 1976)

Colorado School of Mines, Experimental Mine

Figure 1. Location map, Colorado School of
Mines, experimental mine, Idaho Springs,
Clear Creek County, Colorado

Figure 2. Geologic map of Idaho Springs area
(Lovering and Goddard, 1950)

Figure 3. Map showing location of experimen-
tal room, Colorado School of Mines, exper-
imental mine, Idaho Springs, Colorado

Figure 4. Geology of the experimental room area

Ldaho

Lost Packer Mine

Figure 1. Location map showing the Lost Packer
Mine, Custer County, Idaho

Figure 2. Geologic map of the Loon Creek Min-
ing district, showing the location of the
Lost Packer Mine

Figure 3. Transverse section through Lost
Packer vein, Loon Creek district, Idaho,
looking north. (Umpleby, 1913)

Page

94

97

100

102

107

110

111

113

114

118

119

122



Coeur d'Alene district

Figure la. Location map of the Coeur d'Alene
area (Chan, 1972)

Figure 1b. Location of Coeur d'Alene dis-
trict in Shoshone County, Idaho

Figure 2. Coeur d'Alene mining district
showing mines and major faults
(Sorenson, 1947)

Table 1. Generalized statigraphic section,
Coeur d'Alene district, Idaho (Hobbs and
others)

Figure 3. Isometric drawing of regional
sections centered on the Coeur d'Alene
district showing the general thickening
of the stratigraphic section to the north
and east (Hobbs and others, 1965)

Figure 4. Zones of fault gouge and breccia-
tion along Osburn fault as seen in the
main cross cut of the Star-Morning Mine
(Hobbs and Fryklund, 1968)

Dayrock Mine

Figure 1. Generalized geologic cross section
of the Dayrock Mine, Coeur d'Alene mining
district, Idaho (Farmin, 1961)

Maine
—_—ll

Black Hawk (Second Pond)-Blue Hill Mine

Figure 1. Location map of Blue Hill Mine,
Hancock County, Maine

Figure 2. Basic geologic environments,
State of Maine (Young, 1968)

Figure 3. Simplified geologic map of the
Blue Hill area (Smith, 1907)

Page

126

126

127

129

130

136

144

156

157

158



Minnesota

Minnamax Project

Figure 1. Location map of Minnamax Project,
St. Louis County, Minnesota (EMJ, 1976)

Figure 2. Geologic map of southern part of
Duluth complex (Bonnichsen, 1972)

Figure 3. Geologic map of Babbitt-Hoyt Lakes
region (Bonnichsen, 1972)

Figure 4. Minnamax Exploration Shaft (EMJ,
1976)

Montana
——

Black Pine Mine

Figure 1. Location map of Black Pine Mine,
Granite County, Montana

Figure 2. Geologic map of the area around
the Black Pine Mine, Granite County,
Montana (Wallace, 1978)

Table 1. Generalized geologic column for
the Black Pine Mine area, Philipsburg
mining district, Granite County, Montana
(Ross, 1963, Emmons, 1913)

Figure 3. Geologic cross section of the
Combination Vein, Black Pine Mine, in
relation to the Spokane formation quart-
zite. Displacements are shown along
several faults, and early mine workings
(Emmons and Calkins, 1913)

Figure 4. Recent development drifts at
Black Pine Mine. The main haulage drift
is along Combination Vein (Figure 3)
(White, 1976)

Butte Mining District and Butte Underground Mines

Figure 1. Location map of Butte Underground
Mines, Silver Bow County, Montana

Page

j64

165

165

168

172

173

175

177

180

184



xi

Page

Figure 2. Generalized geologic map of the 185
Butte mining district and Boulder batho-
lith relative to major tectonic elements
in southeastern Montana (Meyer and others,
1968)

Figure 3. Generalized rock column for the 186
Butte mining district, Montana, showing
intrusive-vein-alteration sequence and
available age dates of rock-alteration
assemblages (Miller, 1973)

Figure 4. Composite plan at 2800 and 3800 191
levels showing zones of mineralization
. in relation to the principal shafts
of the district (Meyer and others, 1968)

Figure 5. Plan view of the State, Syndicate, 192
and Anaconda vein systems near the center
of the district at the 1800 level, high
ore (Meyer and others, 1968)

Figure 6. Cross section view of Anaconda 193
Vein, looking west, showing dips of Ana-
conda fissures (Meyer and others, 1968)

Figure 7. Map of the Leonard Mine at the 195
3600 level, Silver Bow County, Montana
(Soc. Econ. Geol., 1973)

Figure 8. Map of the Leonard Mine at the 196
4800 level, Silver Bow County, Montana
{Soc. Econ. Geol., 1973)

Figure 9. Map of the Steward Mine at the 198
4200 level, Silver Bow County, Montana
{Soc. Econ. Geol., 1973)

Figure 10. Map of the Steward Mine at the 199
4400 level, Silver Bow County, Montana
(Soc. Econ. Geol., 1973)

Granite-Bimetallic Mine

Figure 1. Location map, Granite-Bimetal- 202
lic Mine, in Granite County, Montana

Figure 2. Generalized geology of the Phil- 203
ipsburg batholith and surrounding area
showing location of the Philipsburg dis-
trict (Prinz, 1967)



xii

Table 1. Stratigraphic succession in the
Philipsburg district (Prinz, 1967)

Figure 3. Plan and elevation of levels in
Granite-Bimetallic Mine (Emmon and
Calkins, 1913)

Nevada

Tem Piute district

Figure 1. Location map of Tem Piute

Figure 2. Geologic map of the Tem Piute
district (Tschanz, 1970)

Figure 3. Geologic map of Tem Piute
(Lincoln) Mine property, Tschanz, 1970)

New Jersey

Mount Hope and Scrub Oaks Mine

Figure 1. Index map showing the location of
the Dover district (Sims, 1958)

Figure 2. Geologic map showing the location
of the Mount Hope and Scrub Oaks Mines
in the Dover mining district, Morris
County, New Jersey, (Sims, 1958)

Figure 3. Geologic map and section of
Side Hill adit, Mount Hope Mine, (Sims,
1958)

Figure 4. Vertical longitudinal projection of
Taylor ore body, Mount Hope Mine (Sims,
1958)

Figure 5. Map and longitudinal projection of
main workings at Scrub Oaks Mine (Sims,
1958)

New Mexico

Questa Molybdenum Mine

Figure 1. Map of Taos County showing location
of Questa Molybdenum Mine (Schilling, 1960)

Page

204

207

210

211

212

218

220

223

225

228

232



Figure 2. Generalized geology of Questa
Molybdenum Mine area (Schilling, 1960)

Figure 3. Generalized rock section of the
Questa Molybdenum Mine area (Schilling,
1960)

Figure 4. Questa Molybdenum Mine area,

geologic map and D section

Figure 5. Block diagram of the Questa
Molybdenum Mine, Taos County, New
Mexico (Schilling, 1960)

Balmat-Edwards District Mines

Figure 1. Index map, showing location of
the Balmat-Edwards district, New York
(Lea, 1968)

Figure 2. Generalized geologic map of the
Balmat-Edwards district within the
northwestern Adirondacks, showing the
distribution of major rock types and
mineral deposits (Lea, 1968)

Figure 3. Geologic map of the Balmat-Ed-
wards district: Edwards area (Lea, 1968)

Figure 4. Geologic map of the 1500-foot
mining level: Edwards Mine (Lea, 1968)

Figure 5. Edwards Mine: northwest-south-
east section (Lea, 1968)

Figure 6. Section through No. 4 shaft,
Balmat Mines, St. Joe Minerals Corp.
(EMJ, Nov. 1976)

Lyon Mountain District

Figure 1. Map showing locations of the
Chateaugay and 81 Mines, Clinton County,
New York.

xiii

Page

233

234

236

237

246

247

250

251

252

253

258



xiv

Figure 2. Geologic map of the Lyon Mountain
area, Clinton County, New York, showing
the location of the Chateaugay and 81
Mines (Postel, 1952)

South Dakota

Homestake Mine

Figure 1. Location maps of the Homestake
Mine, Lawrence County, South Dakota
(Slaughter, 1968)

Figure 2. Geologic map of the Lead district
(Slaughter, 1968)

Figure 3. Precambrian geology in the vicin-
ity of the Homestake Gold Mine, Black
Hills, South Dakota (Noble, 1949)

Figure 4. Distribution of the Precambrian
sedimentary rocks and the metamorphic
zones in those rocks in the Lead district
(Noble, 1948)

Figure 5. Relation of ore bodies to struc-
ture (Slaughter, 1968)

Figure 6. Cross-folded structures, 2600
level (Slaughter, 1968)

Figure 7. Cross-folded syncline, 2300 level
(Slaughter, 1968)

Figure 8. Idealized section of Homestake
Mine (Homestake Mining Company, 1976)

Figure 9. Cross section of 9-ledge struc-
ture, showing open cut and fill stoping
(Homestake Mining Company, 1976)

Tennessee

Ducktown District

Figure 1. Location maps, Ducktown district,
Polk County, Tennessee

Page
259

266

267

270

272

275

277

278

279

281

286



XV

Page

Figure 2. Regional geologic map of the Duck- 287
town area (Magee and others, 1968)

Table 1. Stratigraphic sequence across the 288
Ducktown region of the Great Smoky
Mountains (Magee, 1968)

Figure 3. Cross sections of the Boyd and 291
Eureka ore deposits. The drag fold pat-
tern of the Boyd ore body is evident
(Magee, 1968)

Figure 4. Horizontal plan views of the Boyd 292
and Eureka ore deposits (Magee, 1968)

Washington
Holden Mine

Figure 1. Location maps - Holden Mine, 296
Chelan County, Washington

Figure 2. Geology of the Holden area 297
(Youngberg, 1952)

Figure 3. Gross structural trends and major 301
faults in the North Cascade Range of
Washington (Grant, 1969)

Figure 4. Idealized geologic cross section 302
of the Holden ore body, showing ore zoning
and its relationship to the wall rocks
and intrusions (Youngberg, 1952)

Figure 5. Geologic structure of a west-east 304
section of the Holden Mine, showing miner-
alization, mine levels, and No. 2 shaft.
(Youngberg, 1952)

Wyomin
Sunrise Mine
Figure 1. Location map of Sunrise Mine, 308

Platte County, Wyoming.



xvi

Figure 2. Geologic map, vicinity Sunrise,
Wyoming (Carter, 1963)

Figure 3. Generalized sections of Sunrise
Mine operations (EMJ, 1974)

CIVIL WORKS
California

Helms Underground Powerhouse - Pumped storage

project
Figure 1. Location of Helms Project in Cali-
fornia, 60 miles east of Fresno
Figure 2. Original and modified layout of

underground powerhouse complex—Helms
Bumped Storage Project

Figure 3. Plan and profile, Helms Pumped
Storage Project

Table 1. Rock properties and project
characteristics
Idaho
—

Dworshak Dam Site

Figure 1. Dworshak Dam Site in Idaho,
approx. 40 miles east of Lewiston

Figure 2. Geologic map of the Orofino
region, northern Idaho, (Johnson, 1947)

Nevada

Nevada Test Site - Climax Stock

Figure 1. Location map of the Nevada Test
Site-Climax Stock area, Nye County, Nevada

Figure 2. Generalized geologic map of the
Yucca Flat area. Unpatterned areas are
surficial deposits (Hinrichs, 1968)

Page

310

312

318

319

320

322

326

327

332

333



Figure 3. Geologic map of the Climax Stock
area (Ramspott, 1979)

Table 1. Summary of laboratory tests on
Climax Stock quartz monzonite (Pratt,1976)

Figure 4. Failure envelopes of both intact
and fractured Climax Stock granodiorite
under dry and saturated conditions, 240 m
level (Heard, 1971)

Figure 5. Failure strength as a function of
confining pressure for dry samples and
samples with excess water, 240 m level
(Duba and others, 1974)

Figure 6. Layout of 420 m level, Climax
granite, showing new construction for
spent-fuel test (Ramspott, 1979)

South Carolina

Bad Creek Pumped Storage Project

Figure 1. Location map of Bad Creek Project
in QOconee County, South Carolina (Over-
street, 1965)

Figure 2. Vertical section through the water-
ways—Bad Creek Pumped Storage Project
(Nester, 1974)

Figure 3. Simplified geologic map of the
Lake Jocasee area (Overstreet, 1965)

Table 1. Rock properties - Bad Creek area
Bibliography
Index
Appendix 1. Sources of Information

Exhibit 1. Printout of data on the San Manuel/
Kalamazoo Mine from the MAS data base
(U.S. Bur. Mines Minerals Availability
System)

xvii

Page

335

337

339

340

341

344

345

346

347

447



xviii

Exhibit 2. Printout of data on the Crescent
Mine from the CRIB data base.

Exhibit 3. Bibliographic references dealing
with the Leadville quadrangle, Colorado,

from GEOREF.
Appendix 2. Mines in Crystalline Rocks Considered
for Study
Table 1. Quantitative summary by state of
underground sites reviewed and selected
for study.
Table 2. Mines considered for study, listed

alphabetically along with state and county.

Page
451

455

458

459



xix

ACKNOWLEDGMENTS

During the compilation of this report the work of many authors was
drawn upon. These contributions are acknowledged in the report by refer-
ence to the appropriate publications.

In addition to the principal contributors and authors shown, we wish
to acknowledge the following individuals and institutions:

Jon Stone and Peggy Edwards of the U.S. Bureau of Mines were most
helpful in searching the Minerals Availability System (MAS) data base
for information on mines in known rock types.

Maureen Johnson, U.S. Geological Survey, and Jerlene Bright and Pat
Tracy, University of Oklahoma, searched the CRIB data base; Carol
Backhus of LBL's Mechanical Engineering Library assisted in searching
the GEOREF data base; and Helen Reed, of Utah International, Inc.
provided use of their mining library. Mrs. Beatrice Lukens, librarian
of the Earth Sciences Library, University of California, Berkeley, was
most helpful. Gary Murrie and Todd Gates, Dames and Moore Co.,
Cincinnati, Ohio, discussed with us their project to identify crystal-
line rock bodies of the U. S. and provided access to their files
containing valuable information on this subject.

Other LBL personnel instrumental in providing support in preparing
this report included Ellen Diamond, Dodie Kataque, Cynthia Childs,

Bob Flower, and Lorraine Allen. This work was supported by the ONWI,
Columbia Division of the U. S. Department of Energy under Contract

W-7405-ENG-48.






SEARCH FOR UNDERGROUND OPENINGS

FOR IN SITU TEST FACILITIES IN CRYSTALLINE ROCKS

INTRODUCTION

The objective of this project was to identify existing underground
openings suitable for performing geomechanical, geochemical, and hydro-
geologic tests pertinent to the storage of radioactive waste in crystal-
line rock. Crystalline rock, for the purpose of this study, has been
defined to include intrusive igneous rocks and medium- to high-grade meta-
morphic rocks. The underground openings would be located at sufficient
depth and would be of sufficient volume to conduct laxge-scale in-situ
experiments. This project, covering active or recently inactive mines
and civil works, was conducted simultaneously with a study (Cohen, 1979)
to identify criteria for in-situ test facilities and to formulate a pro-
visional program of experiments,

Concurrently, the Dames and Moore Company conducted a preliminary
assessment of crystalline rock bodies in the U. S. which may accommodate
a waste-isolation facility.

Based on a search of open literature, 26 ''class 1' sites were identi-
fied as having, possibly, the greatest potential for underground test
facilities. Thirty sites were categorized as ''class 2" because data in
the open literature were not sufficient to verify one or more established

criteria. Potentially suitable underground openings in crystalline rocks,

primarily exploration adits, shafts, and drifts, which are not documented in

the open literature were not included in this project report.



This report summarizes a systematic search and analysis of the
available literature on underground openings in crystalline rocks.
Because of its preliminary nature the study was restricted to the open
literature. Neither mining companies, state geologists and bureaus of
mines, nor utility and transportation authorities were contacted.

There was generally not sufficient information in the open literature
on the hydrologic settings of most of the underground workings. This is
partially because it is difficult to define a water table in crystalline
rocks; also, total water production and its component introduced by mining
operations are data normally in company files. It is safe to state, how-
ever, that mines encompassing a broad depth range, for example the Home-
stake, with levels aecessible from depths of 1100 to over 8000 ft., would
intersect a variety of hydrogeologic conditions.

The report consists of four sections, a bibliography, index, and two
appendices as described below:

Section I - Identification and Selection Process - principal data
bases, criteria, and the selection process.

Section II - Summaries of Information - locations and tabu-
lations of mines and civil works.

Section III - Conclusions and Recommendations - Summary of find-
ings and an outline of studies designed to refine the list
of potential sites.

Se¢tion IV - Descriptions of 'class 1" mines and civil works.

Bibliography - a general bibliography of all literature searched,
including the individual bibliographies for 'class 1" sites.

Index - lists place and mine names referred to in the text and

bibliography.



Appendix 1 - Sources of Information - description of data bases used.
Appendix 2 - Table giving the number of mines by state which were
derived from various sources, and list of mines in crystalline

rock which were considered.






I. IDENTIFICATION AND SELECTION PROCESS

The process of identification and selection of potential under-
ground sites is diagrammed in Figure 1. It depended on the availability
of information in the literature and personal knowledge of the authors.
To identify candidate sites, a variety of information sources were used
to collect data on the existing underground mines and civil works. In-
formation was extracted from two mine data bases: The Minerals Avail-
ability System (MAS) of the U.S. Bureau of Mines and the U.S. Geological
Survey's Computerized Resources Information Bank (CRIB). Additional
sources utilized were GEOREF (the Geological Reference file prepared by
the American Geological Institute), mining directories, various geological
and mining engineering reports and tunneling and excavation reports.

Data on the civil works were obtained from the open literature and con-
sultants. Descriptions of the data bases and examples of printouts are
given in Appendix 1. Also listed in the first appendix are the kinds of
information obtainable from these sources of information.

Based on underground mine information, a list of 5900 mines was ex-
tracted from the 130,000 mines on record in MAS, and an additional 120
sites were identified from other data bases. Thirty-four civil works sites
were added from discussions with consultants. After initial review the
compiled list of surface and underground mines in crystalline and non-
crystalline rock totaled approximately 6100. Application of the criteria
described below resulted in identification of 60 underground sites in

crystalline rock.
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Along with information on mines in crystalline rocks, similar data
were obtained from MAS on over 3000 mines in non-crystalline rocks.
This data base is available for a preliminary characterization of under-
ground workings in argillaceous, carbonate and volcanic rocks.
Criteria

The base list of underground sites was reduced by categorizing the
openings on how well they fit the criteria defined below. The criteria
were designed to include a broad spectrum of underground openings, within
which conditions might approximate those of a waste repository in crystal-
line rock.

1) The underground workings or a sufficient portion must be
located in crystalline rock (intrusive igneous or medium- to
high-grade metamorphic rock). Exceptions are mines located
in low- to medium-grade metamorphic rocks of Precambrian age
in Idaho, Michigan, Minnesota, and eastern Wyoming. These
mines are considered acceptable because of: (a) their loca-
tion in tectonically-stable, mid-continent regions as in the
case of the Michigan, Minnesota, and eastern Wyoming sites;
and (b) because a number of them have been the sites of in
situ geomechanical testing, resulting in a large amount of
information characterizing the sites, especially the Coeur
d'Alene mines of Idaho.

2) The site must be underground, at a depth greater than 600 ft.

3) An acceptable underground working should be of sufficient size
to provide for an in situ testing facility, similar in size to

the Strip experimental facility in Sweden.



4) The workings should not have been closed for over 10 years,
caved, sealed or flooded as reported in the literature and
annual reports of mining activity.

5) It is desirable that the workings be located below the
water table, though sites which have workings both above and
below the water table may provide access for tests comparing
rock and hydrologic properties of the saturated and unsatu-
rated zones.

6) The workings should encompass rock with physical and mechanical
properties adequate to provide good support in new excavations
and long-term access for the experimental program.

In the final review of underground sites, a site was designated as
"class 1" if all of the criteria were met and verified in the open litera-
ture. A site was assigned "class 2" status if the criteria were believed
to be met but it was not possible to verify one or more of the parameters
in the literature. Characteristics of the underground sites are summarized

in Tables 1 and 2 in the following section.



IT. SUMMARIES OF INFORMATION ON MINED OPENINGS

IN CRYSTALLINE ROCK

The selection process detailed in the previous section identified
26 mines and 4 civil works in crystalline and high- or medium-grade
metamorphic rocks as ''class 1" sites for in situ testing facilities.

These are listed in Table 1.

A second group of mines which appear to be suitable potential sites,
but lack data on one or more established selection criteria, are listed
as '"'class 2" sites., Table 2 summarizes information available on ''class
2" sites, and indicates which key criteria for each mine could not be
verified.

Several mined openings are summarized under the heading "Civil Works."
These include the Helms, Dworshak Dam, and Bad Creek Pumped Storage
Projects.

All of the "class 1" and '"'class 2" sites and the civil works are
located on a map of the United States (Figure 1).

A summary description of each '"class 1" site is included, alphabetically
by state, in the following portion of the report. Each summary includes
data on location and accessibility, geologic setting, description of mine

or civil workings, and references.
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ITI. CONCLUSIONS AND RECOMMENDATIONS

Summary and Conclusions

Relying primarily on information in the open literature, we have
identified 30 ''class 1" sites in 14 states which may have potential for
underground test facilities. These include, primarily, existing or
recently inactive mines, and also civil works such as pumped sStorage
facilities. The search also suggests that another 30 'class 2" sites
in 14 states may have similar potential if adequate information on one
or more key criteria were available. The criteria include the following
considerations:

o Crystalline rock
o Depths below 600 feet
o Workings of adequate size to provide for a Stripa-sized facility
o Workings open within the past 10 years and not flooded or caved
o Workings below the water table
e Good rock support
The locations of the 60 sites are shown on the map of the U.S.,
Figure 1 in the preceding section. Potential underground workings range
in size from a few thousand lineal feet, having employed or employing a
few tens of miners, to several hundred miles, employing hundreds of miners.
Depths range from near our threshold limit of 600 ft. to over 8000 ft.

"Class 1" mines or civil works in tectonically stable mid-continent
or eastern regions of the United States include one in Maine, two in
Minnesota, two in New Jersey, two in New York, and one in South Carolina.
The remaining ''class 1" sites are in the Rocky Mountain region and westward.

Of the civil works, pumped-storage facilities incorporating underground
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powerhouses and appurtenant galleries may offer the best prospects for
in-situ test facilities because, even though they may be operating,
access may still be available to test and support galleries.

It is expected that a comparable number of underground openings,
primarily exploration adits, shafts, and drifts, not mentioned in the
open literature but probably documented in company files, may also
exist. These workings may furnish access for test facilities in crystal-
line rock.

Many of the workings in ''class 1'' mines are in hydrothermal vein
deposits, at or near contacts between plutonic and older sedimentary,
volcanic or metamorphic rocks. Test facilities at these sites would
therefore be located relatively near the margins of crystalline rock
masses. Notable exceptions are the Climax, Urad and Henderson mines in
Colorado, mines in the Butte district, Montana, the San Manuel-Kalamazoo
in Arizona, and mines in the Duluth Gabbro, Minnesota. All of these ore
bodies are located well within plutons.

Mines within medium to high grade metamorphic rock masses include
the Homestake, South Dakota, the Schwartzwalder and Colorado School of
Mines' experimental mine in the Colorado Front Range, the Mt. Hope - Scrub
QOaks, New Jersey, and the Lyon Mountain district, New York.

Structural settings of mining districts are dominated by the aforemen-
tioned contact zones, by strong folding and faulting in the case of mines
in metamorphic rocks, and by zones of intersecting faults in the mines
in plutonic rocks. Because of their stability requirements, underground
hydroelectric facilities in crystalline rocks are located in relatively
stable tectonic settings, usually away from the contacts with other rock

types. Accessible openings associated with hydroelectric facilities may
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. offer rock property conditions most similar to those of potential waste
isolation sites.

Recommendations

It is recommended that a program follow which would definitively
evaluate the available and accessible underground workings. This program
will result in the identification of one or more sites where a concordance
exists between rock type and structural setting and depth, company amen-
ability, accessiblity, facilities, and hydrogeologic setting.

The recommended program would encompass the following activities:

1) The appropriate companies or governmental agencies controlling
""class 1 or 2" sites would be contacted to arrange discussions
with designated personnel. These discussions would explore
the willingness of the companies/agencies to participate in
the project and would serve to validate and increase the
information developed in the preliminary description of the
sites. It is expected that, following the initial company/
agency contact, the number of prospective underground workings
would be significantly reduced. It is also possible that in-
formation on some hitherto unknown potential sites would be
obtained, resulting in some additions to the list of prospects.

2) During and following the discussions, plans would be made for
the initial site visits, which would commence at the earliest
convenience of company/agency personnel.

3) Concurrently, the results of the companion project {Cohen, 1979)
to develop criteria for in-situ test facilities and to formulate

a preliminary testing program would be incorporated, providing



24

4)

5)

criteria for assessment of the prospective sites.

With these criteria in mind and with the permission of and

accompanied by company/agency personnel, the sites would be

visited and evaluated.

The recommended program would culminate in a report covering:

(A) the criteria used to evaluate the sites;

(B) results of site visits:

(1) detailed descriptions of the location and
accessibility of the site,

(2) detailed descriptions of the geologic settings
and underground workings,

(3) geotechnical and hydrologic data base.

(4) detailed descriptions of facilities which would
lend themselves to a test facility;

(C) recommendations of which sites, based on their technical
merits, would best qualify for in-situ geomechanical,
geochemical, and hydrogeologic tests relevant to the
underground storage of radioactive wastes in crystalline

rock.
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IV. DESCRIPTIONS OF ''class 1" MINES AND CIVIL WORKS

A description of each ''class 1" site is included, alphabetically by
state, in the following portion of the report. Each summary includes data
on location and accessibility, geologic setting, description of mine or

civil workings, and references.
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LAKESHORE MINE
(OPERATED BY NORANDA EXPLORATION, INC.,
A SUBSIDIARY OF NORANDA MINES, LTD.)

LOCATION

The Lakeshore mine is located at 32°31'N, 111°54'W, within the bound-
aries of the Papago Indian Reservation, in Pinal County, approximately 28
miles south of Casa Grande, Arizona, and approximately 70 miles northwest
of Tucson (as shown in Figure 1). The Lakeshore ore body lies under the

southwest pediment of the Slate Mountains, The surface elevation in the

area is approximately 1800 feet.

GEOLOGIC SETTING

Data describing the regional geologic setting were extracted from
Board (1977), Hallof (1971), and Harper (1969).

Precambrian Pinal schist is the oldest exposed formation in the area,
and it forms the core of the Slate Mountains. The Pinal schist is
unconformably overlain by the Late Precambrian Apache Series which is exposed
approximately 5 miles north of Lakeshore. The Apache Series consists of the
Pioneer shale (425 feet thick), the Dripping Spring quartzite (1085 feet
thick), and the Mescal limestone (200 feet thick). Diabase intrusions are-
common in the units.

The Paleozoic formations in the area of the Slate Mountains are
represented by the Troy (or Bolsa) quartzite, the Abrigo, the Martin, the
Escabrosa, and the Horquilla formations, which include a variety of sedi-
mentary and metasedimentary rocks (quartzite, mudstone, dolomite, limestone,
and siltstone). The aggregate thickness of these formations may exceed
1600 feet in the southeastern part of the Slate Mountains near the

Lakeshore property.
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Recurrent volcanism and continental deposition characterized the
Cretaceous and Early Tertiary in southern Arizona. The resulting thick
accumulation of clastic and volcanic conglomerates and agglomerates are
exposed at several locations in the Lakeshore area. Drilling at Lakeshore
has intersected substantial thicknesses of andesite and andesite breccia
in the immediate mine area. The andesitic volcanics unconformably overlie
the Paleozoic and Upper Precambrian formations, while the andesite is
overlain by a thick sequence of Tertiary fanglomerate and young Tertiary

volcanics and conglomerate.

Mine Area

Information on the geologic setting of Lakeshore mine were extracted '
from Board (1977), Hallof (1971), Harper (1969), and EMJ (1969).

A stock of quartz diorite and related porphyritic rocks of Tertiary
age have intruded the Precambrian, Paleozoic, and Cretaceous formations
previously described. The northern and eastern margins of the stock are
exposed on the western slope of the Slate Mountains, while the southern
and western margins are obscured by alluvium. Complex faulting in a wide
zone along the assumed southern and western margins of the stock further
complicates the relationship between the quartz diorite and the Late
Precambrian and Paleozoic rocks. Fanglomerate overlying the Cretaceous
andesite thickens to 1100 feet over the western portion of the deposit.

The geology of the deposit is illustrated in Figures 2 and 3.

Figure 3 is a cross-section of the deposit, looking toward the north. The
andesite-metasediment sequence is bounded on the east by a steeply dipping
normal fault. Quartz diorite is present east of the fault. This fault

marks the eastern limit of the major subsurface deposit, as well as the
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small open pit ore body. In the central part of the deposit, drill holes
indicate that the formations strike northerly and dip westerly at about 25°.

A fine to medium grained prophyry of quartz diorite to quartz
monzonite composition intrudes the metasediments and andesite. Its relation-
ship to the quartz diorite stock is not clear. The main mass of porphyry is
located in the north central part of the deposit as an irregular body with
fingers which extend upward and to the east.

The metasediments in the western part of the area are displaced
approximately 700 feet below those in the central part of the deposit by a
postoxidation, high angle reverse fault.

The andesites, porphyry, metasediments, diabase, and upper part of the
underlying intrusive have been extensively shattered and are moderately
to strongly altered. The andesite, porphyry, and metasediment-diabase
sequence are the primary host rocks for the mineralization. The upper
portion of the underlying intrusive occasionally contains disseminated
sulfides.

The ore body has beendivided into three distinct zones of mineralization
which have been termed: (1) ozide zone, (2) sulfide zone, and (3) tactite
zone. The oxide zone occurs in the upper portions of the ore body and
consists primarily of leached and oxidized quartz monzonite porphyry and
Cretaceous sedimentary and volcanic rocks. The sulfide zone underlies the
oxide zone and includes all quartz monzonite porphyry and Cretaceous rocks
which have not been oxidized. The thickness of the sulfide zone is
variable and ranges from 200-400 feet. The tactite zone occurs in a series
of Paleozoic metasediments consisting of tactite, quartzite, diabase,
hornfels and dikes of quartz monzonite porphyry. The tactite zone is

highly variable in thickness (averaging 63 feet) and underlies
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the Cretaceous volcanics and sediments throughout the mine. Figure 4

illustrates the general relationship of ore types in the mine.

MINE CHARACTERISTICS

Information concerning the mine was extracted from Board (1977},
COBBS Report, EMJ (1978, 1979), and Harper (1969).

The Lakeshore mine was first brought into production as an
underground mine by Hecla Mining Company in April 1976. A weak copper
market prompted Hecla to close the mine for an indefinite period beginning
in September 1977. Maintenance expenses at the closed mine were approx-
imately $600,000 per month. Noranda Exploration Inc., a U.S. subsidiary
of Noranda Mines Ltd. (Canada), has acquired the mine from Hecla/El Paso
Natural Gas, and renegotiated leases with the Papago Indians. Noranda

plans to begin mining 6000 stpd of ore by September 1979.

MINE FACILITIES

When originally opened by Hecla, the mine employed approximately
1600 people, was designed with a daily ore capacity of 16,500 tpd, and
mined 1 to 10 million tons of ore per year and 1 to 10 million tons of
waste per year, extracting a total volume in excesses of 180,000,000
cubic feet.

Based on its large size (% to 1 billion tons of ore) and layered
characteristics, the deposit lends itself to an extraction plan which
integrates mechanized underground mining techniques. Hecla's approach to
mining the ore body was to develop a block caving operation based on high-
grade sulfide ore in the tactite zone underlying the deposit during the

early stages of the operation. Incontrast, Noranda will reopen the mine
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based on extraction of copper oxide ore, while studying the sulfide ore's
grade and quantity. From available data it is not known whether Noranda
will be mining copper oxide ore from the open-pit or from underground
workings, or from both.

Access to the miﬁe is by a twin decline on a 15° slope providing
entry to the ore body, and equipped with conveyors, provides the main
ore handling facility. The length of the decline to a point beneath
the central part of the deposit will be approximately 7500 feet. Infor-
mation regarding the location and orientation (straight or switch-back)
of the decline, and rock types penetrated was not available; the length
and slope suggest that favorable rock tfpes are among those encountered.

However, published information does not indiciate the extent of

underground workings in crystalline rock types.

Rock Mass Properties

Table 1 lists the basic sulfide mine rock properties. Testing of
the intact rock was conducted at the University of Arizona, Tucson, by

White (Board, 1977).
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LAKESHORE MINE ROCK PROPERTIES
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Uniaxial Comp. Poisson's Young's Internal Angle
Rock Type Strength (psi) Ratio Modulus of Friction
(x106 psi)
Tactite 11,798 0.3 5.42 53
Quartz 14,912 0.19 9.00 31
Monzonite
Hornfels 13,542 0.21 14.00 52

Board (1977)
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‘MIAMI EAST MINE

(OPERATED BY CITIES SERVICE COMPANY)

LOCATION

The Miami East mine is located adjacent to the town of Miami and ap-
proximately 6 miles northwest of Globe, Arizona, at 33°24'N, 110°53'W (Fig-
ure 1). The elevation at the mine is approximately 3500 feet, with several

hundred feet of relief in the area.

GEOLOGIC SETTING
Regional

The regional geologic setting has been extracted from Olmstead (1966),
Peterson (1962, 1954), and Rubly (1938).

The rocks of the Globe-Miami district range in age from Lower
Precambrian to Recent. Figure 2 is a geologic map of the region. The
Precambrian Pinal schist, diabase of possible Mesozoic age, Willow Springs
granodiorite, Schultze granite, dacite, and Gila conglomerate are
immediately connected with the Miami East deposit.

The Pinal schist is one of the ore deposit host rocks and is the
oldest formation in the area. The Pinal schist makes up the bulk of the
Pinal Range, which covers an area of 16 by 12 miles. The disseminated copper
deposits of Miami occur in the northeast portion of the range. The schist
consists of a sequence of metamorphosed sedimentary rocks, and is irregularly
intruded by Precambrian quartz diorite, granite, and the Tertiary Schultze
granite. The metamorphic sequence is composed of coarse-grained quartz-

muscovite schist, fine-grained quartz-sericite-chlorite schist, and some
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EXPLANATION
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FIGURE 2. Geologic sketch map of Globe quadrangle,
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(after Peterson, 1951).
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fine-grained amphibole schist. The general schistosity strikes about
N50°E and dips steeply to the southeast. The outlines of the ore deposits
and the intrusion of granite porphyry closely parallel the orientation of
schistosity.

Tertiary diabase intruded the metamorphic and sedimentary strata as
irregular sheets, sills, and dikes.

The Tertiary Willow Springs granodiorite outcrops within several
thousand feet of the Miami mine; however, it has no obvious relationship
to the ore bodies in the area.

The rock most directly associated with the ore deposits is the
Tertiary Schultze granite, which is believed to be contemporaneous with the
copper mineralization. Facies of this rock contain part of the ore deposit
and often border the ore zones. The Schultze granite stock extends many
miles south and west of Miami and constitutes a large portion of the north-
west Pinal Mountains. Its composition varies between granodiorite, quartz
monzonite, and porphyritic quartz monzonite. From the standpoint of the ore
deposit, the most significant constituent of the Schultze granite is a
granite porphyry, a separate marginal and younger facies of the Schultze.
In some of the ore bodies in the area, half of the ore may be in granite por-
phyry, while the other half is in Pinal schist. The granite porphyry is a plug
which intruded older facies of the Schultze granite and formed sill-like
tongues in the schist.

The Tertiary dacite in the area is believed to represent the final
stage of igneous ‘activity. The massive dacite shows sheeting, which trends
north-south and dips moderately to the west.

Massive thick beds of Plio-Pleistocene Gila conglomerate overlie much of

the area. Bedding trends northwest-southeast and dips gently to the southwest.
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42

MINE AREA

Data concerning the geology of the Miami East mine were not readily
- available in the literature. The information which was available suggested
that rock-type relationships in the Miami East ore body are very similar to
those in the Inspiration and Miami mines located several thousand feet to
the southwest. Much of the following description of mine area geology is
drawn from literature on local mines by Olmstead (1966), Peterson {1962,
1954), Rubly (1938), and Skillings (1975).

The Miami East ore body is located approximately 2500 feet northeast
of Shaft No. 5, as shown in Figure 3. The mineralized area is 3000 feet
long, has a width of 1400 feet, and a maximum thickness of 400 feet. The
deposit has a varying dip to the north and east with a maximum pitch of 34°.
The ore body is situated nearly 2000 feet east of the original Miami deposit,
and its top occurs at a depth of 2500 feet.

Structures in the mine area are related to the general structure of
the Precambrian schist, which trends northeasterly and dips to the southeast.
Locally, granitic intrusives have distorted and obliterated the schist
structure, but the schistosity prevails as the major lineation that controlled
mineralizing solutions. The geology of the local mine area is shown in
Figures 3a and 3b.

Faults controlled the intrusion of the granite porphyry with which
the ore bodies are associated. The Miami fault (a normal fault) strikes N25°E,
dips about 50°E, and drops the Gila conglomerate to the east of the exploited
ore bodies, between 2000 and 3000 feet. This fault or the ancient break it
followed may have had some pre-porphyry movement. East of the mining areas,
the ore bodies appear to be terminated by the Miami fault, although there are

some indications that the ore did not reach the fault zone or that there is
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Geologic map of the Miami East area, Gila County,

Arizona (Peterson, 1962)

FIGURE 3b.
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a leached zone near the fault. Some ore in diabase occurs at considerable
depth east of the Miami fault, and one drill hole disclosed secondarily-
enriched sulfides lying below low-grade primary material near a branch of

the Miami fault.

MINE FACILITIES

Data related to the Miami East mine facilities were extracted from
Carter (1975), Skillings (1975), and Mining Annual Review (1978).

The Miami East mine of Cities Service Company contains an estimated
50 million tons of 1.95% copper ore. Underground mining at the original
Miami mine was replaced by in-place leaching in 1959. The deeper Miami
East ore body was confirmed by drilling in 1969, and a program of shaft
sinking and underground development was commenced. Production was expected
to begin in 1976, however, after substantial development work, it was
decided to place the mine on standby, which is the current status.

Two shafts were sunk on the Miami East project. The 12 ft-diameter
concrete lined No. 11 shaft, which provides downcast ventilation and serves
as an escapeway bottomed at a depth below 3300 feet. The 14 ft-diameter
concrete-lined No. 12 shaft, an exhaust and ventilation facility, was exca-
vated to a final depth of 2900 feet. At the end of 1973, the existing No. 5
production shaft was deepened from 1150 feet to 3500 feet, with stations
developed at the 2900 and 3200 foot levels. The development drifts on the
2900 and 3200 foot levels of No. 5 shaft have been extended approximately
2500 feet to the ore body.

The Miami East ore body is mined by the modified horizontal cut and
fill method; block caving was deemed undesirable due to a potential subsi-

dence problem at the site. Production was planned to reach 5000 tpd.
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A typical stope will measure 8x1ll feet in cross-section, advancing
a 100 foot slot. Stopes will be developed on 16 foot centers. Highly
mechanized mining equipment will be used for ore recovery. Eimco 911 and
912 LHD's* will load and transport ore to the mine's main rail haulage network.
Ore haulage to the No. 5 shaft will initially utilize battery-powered loco-
motives. As full productive capacity is neared, these will be replaced by
diesel-powered units.

The main haulage levels measure 11x13 feet in cross-section. Ground
support will utilize a dry process shotcrete method, with additional rock

bolting over shotcrete when necessary.

* LHD = Load, haul, dump.
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SAN MANUEL/KALAMAZOO MINE

(OPERATED BY MAGMA COPPER COMPANY,
A SUBSIDIARY OF NEWMONT CORPORATION)

LOCATION AND ACCESSIBILITY

The San Manuel mine is located just south of Tiger, Arizona in the
01d Hat mining district of Pinal County, at 32°41'N, 110°42'W (Figure 1).
The San Manuel deposit is located in sections 34 and 35, T.8S., R.16E.
of the Gila and Salt River meridians. The Kalamazoo deposit is located
in sections 3, 4, 9, 10, T.9S., R.16E. The San Manuel/Kalamazoo mine
area is approximately 35 miles (46 miles by road) northeast of Tucson.
The elevation in the mine area is approximately 3,200 feet, with several
hundred feet of relief in the general area. The nearest railroad is at
Winkelman on the Gila River, 20 miles north of San Manuel and Tiger.
Electric power and natural gas are available;
GEOLOGIC SETTING

Data describing the regional geological setting has been extracted
from Creasey (1965), Lowell (1968), Kendorski (1976), Ridges (1972),
Schwartz (1953), and Thomas (1966). Figure 2 illustrates a simplified
regional geologic setting. There is a rather limited variety of rocks
exposed either on the surface or underground. The San Manuel/Kalamazoo
mine is located in an extensive area of Precambrian quartz monzonite,
known as the Oracle granite, which itself is part of a much larger
granite mass on the north slope of the Santa Catalina Mountains.

The Oracle granite is considered to be the result of metasomatization
of earlier rocks, possibly the Pinal schist. A northeasterly grain in

the Oracle is evidenced by the alignment of xenoliths in the rock mass
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z, 1953).

Sketch map showing principal towns and topographic features
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and the foliation of feldspars and mafics. The rock varies in compo-
sition from granodiorite to granite, and is deeply weathered.

The Oracle granite was intruded by monzonite porphyry or perhaps
locally metasomatized during Laramide time. A complex relationship
exists between the quartz monzonite and the monzonite porphyry. Recent
investigations suggest that the monzonite porphyry comprises a dike and
igneous mass swarm.

The sequence of episodes which followed the formation of the monzonite
porphyry consisted of: (1) intrusion of diabase dikes and irregular masses,
which although altered and mineralized, appear to have acted as partial
barriers to the movement of ore solutions; (2) a porphyry-type copper-
molybdenum ore mineralization, associated with considerable alteration
and centered on the monzonite intrusion; (3) post-ore Tertiary rhyolite,
intruded in two main sheets; and (4) the deposition of the Gila conglom-
erate, late Tertiary and Quaternary, which, with the exception of recent
alluvium, is the youngest rock in the area, and is normally unconformable
to all the older rocks.

Figure 2 shows the geology of the region as described.

Mine Area

The locations of the San Manuel/Kalamazoo ore bodies are shown in
Figure 3. Data for this section were extracted from Lowell (1968, 1970),
Kendorski (1976), Ridges (1972), and Thomas (1966).

Alluvial deposits lie unconformably on the Gila conglomerate. The
Gila conglomerate is the most widely distributed surface rock type, and
‘reaches thicknesses in excess of 1200 feet over the mine area. The ex-

tensively tilted and deformed conglomerate has a prevailing northwest strike,
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with a dip of 25° to 45°NE. The quartz monzonite and monzonite porphyry
are interrelated in such a complex manner that their detailed structural
relationships are difficult to determine.

The conglomerate and underlying rocks are cut by many faults, only a
small number of which have been accurately mapped. Of the recognized
faults, the San Manuel fault, a normal fault, dipping 25° to 30°SW and
bordering the southwest side of the exposed mineralized area, is the most
significant. The San Manuel fault divided the original ore complex (which
had previously experienced a tilt of approximately 70° to the northeast)
into two segments: the San Manuel segment, and the Kalamazoo segment which
is faulted some 8000 feet down dip in the low angle normal fault. Figure 4
illustrates schematically the possible origin of the San Manuel/Kalamazoo
ore bodies.

The original pre-faulting ore complex, based on a minimum 0.5% copper
content, had the general shape of a flattened cylinder with an axial
length in excess of 7700 feet and a diameter between 2500-5000 feet. Min-
eralization and alteration form approximately coaxial cylindrical zonmes.

Hydrothermal alteration is characteristic of most rocks in the mine
area, with the exception of the Gila conglomerate and younger rocks. Based
on the characteristic mineral assemblages, four types of alteration are
recognized. A detailed discussion of prophyry alteration has been pre-
sented by Lowell (1970).

Figures 5, 6, & 7, geologic maps of the 1,475 haulage level and its
-respective cross-sections (NW-SE and SW-NE) in the San Manuel mine are
characteristic of the general rock distribution/relationships found in
the San Manuel/Kalamazoo mines. The vast majority of underground workings

are either in quartz monzonite or monzonite porphyry.



1. Precamnbrian quartz monzonite (pCgm) was intruded
by a Laramide age monzonite porphyry (TKmp) <dike
swarm. A hollow cylindrical or pipe-shaped orebody with
dimensions of approximately 8,000 X 3,500 feet was formed.
It was probably nearly vertical and centered on the mon-
zonite dike swarm. (Section line shows position of
Figure 7.)

2. Tilting of the orebody was followed by erosion, then
deposition of conglomerate aund interbedded volcanics
(Tcb?). A thin chalcocite blanket (Ccs) was formed at
the water table.

3. Continued tilting was followed by crosion of con-
glomerate and quartz monzonite and deposition of middle
Tertiary Gila Conglomerate (Tge).

FIGURE 4.
(Lowell, 1968).
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®

4. Orebody is now at a flat angle due to continued tilting,
An erosion surface is cut on the tilted quartz monzonite and
Gila Conglomerate. Incipient San Manuel fault is formed.

SAN MANUEL

5. Upper portion of orebody is displaced approximately
8,000 fect down the dip of the San Manuel fault. Some
imbricate displacement may have occurred in the Kalamazoo
segment.

RED ROCK FAULT
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6. High-angle normal fault displacements produced small
offsets in the San Manuel orebody and a large displacement
on the Red Rock fault west of the Kalamazoo orebody.
Iirosion exposed intrusive rocks and a corner of the San
Manuel orehoidy and produced oxidation and limited chalco-
cite enrichment in the upper portion of the San Manuel
orebody.

Schematic drawings showing possible origin of Kalamazoo ore body
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Mine Facilities

The data for this section were extracted from Hynd (1976), Jackson
(1978), and Magma Copper Company. Magma Copper Company, a wholly owned
subsidiary of Newmont Mining Corporation, opened the San Manuel mine in
1956. Over 300 million tons of ore have been hoisted since the mine opened.
Production currently runs at approximately 52,000 tpd. Remaining ore re-
serves at San Manuel are estimated to be in excess of 600 million tons.
The present mining method is block caving.

Mining at San Manuel moved progressively down from the 1,475 level
to the 1,775, 2,075, and 2,375 levels. Development work is underway on
the 2,675 level, which is scheduled for production in mid-1979.

All production at the mine has come from the San Manuel ore body:
however, long-range development work is being done in the Kalamazoo ore
body on the 2,950, 3,440, 3,530 (pump station), and 3,740 levels. Since
the start of production, 224 miles of horizontal workings, 152 miles of
vertical workings, and 115 acres of undercut area have been driven or
excavated.

Mine

The data for this section were extracted from Hynd (1976}, Jackson
(1978), and Magma Copper Company. At its current rate of production,
San Manuel must complete 30,000-40,000 feet of development drifting annually.
Drifts outside the cave area are supported by square timber sets; H-beam
caps with square timber posts; or by steel arc sets. Normal spacing of
sets is 5 feet, but may vary with ground conditions.

There are about 20 drill jumbos in the San Manuel mine, including a
spare for each level. There are 73 drifters in the mine, of which 50 are

typically in use at one time and 23 are spares.
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Ore stored in raises is transported to ore hoisting shafts by a
trolley-operated railroad system. There are four hoisting shafts: 3A
& 3B (equipped with 6000 hp hoists) and 3C & 3D (equipped with 7000 hp
hoists). Additional transportation facilities at the mine include
shafts: No. 1 (used for concrete supply, waste rock, and ventilation);
No. 2 (sunk for exploration and quick development within the ore body
proper, has been abandoned); No. 4 (used for ventilation and transpor-
tation of men and supplies), and No. 5 (service and development hoisting).
The shafts range in depth from 2310 to 4123 feet.

Ventilation is supplied to the San Manuel mine at a rate of 1.2
million cfm of air. The ventilation department is designing a refrigera-
tion system for the future, with a goal of maintaining a temperature of 80°F.

A total of 6600 gpm of water is pumped from the San Manuel mine, mainly
from the deep shafts. Increased flow is expected at the lower levels
expecially in the Kalamazoo ore body. During early shaft development
through the lower Kalamazoo horizon, water inflows reached 2300 gpm at a
temperature of 120°F.

Rock Mass Properties

The data for this section were extracted from an article by Kendorski
(1976) . The fracture patterns mapped in the underground workings can be
generalized as four sets: EW and NS, both vertical; N80°E to EW, vertical;
and horizontal. Oriented compression and Brazilian tension tests on the
quartz monzonite showed that the mappable fracture pattern is reflected

in planar weaknesses in the rock. Tables 1 § 2 summarize the tests.
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TABLE 1. Summary of Quartz Monzonite Brazilian Test Data

Direction 1 Direction 2

Direction 3

Overall
Results

Anisotropy planes

030, 105, 165 045, 150 060, 105, 165 -

Identification A B C D E F G H -
Decrease in strength
from &, percent 15, 23, 6 43, 37 14, 23, 23 23
Density, X, g/cm3 2.65 2.65 2.77
Tensile strength, psi
X 1474 1263 1405 1389
S 328 224 335 252
Tests in direction
breaking along pre-
existing planes,
percent 63.9 44.4 41.7 50.0
Tests in directions
that are highly altered
with ragged failure,
percent 16.7 16.7 27.8 204
Tests in direction
with a clean break 19.4 38.9 30.6 29.6
% is the mean
S is the standard deviation
TABLE 2. Quartz Monzonite Compression Test Summary
Direction
Overall
1 2 3 Results
Length (in.), X 4.53 4.39 4.49 4.47
Density (g/cm3), % 2.65 2.62 2.74 2.67
Uniaxial compressive
strength (psi)
X 11129 14700 15300 13500
S 3514 2050 4600 3900
Modulus of elasticity
(psi X 108)
X 6.9 7.0 8.4 7.4
S 3.1 1.7 2.4 2.4
Poisson’s ratio
b 0.26 0.13 0.20 0.20
S 0.14 0.07 0.12 0.12
Tests in direction
failing along weakness
planes, percent 71 60 67 67

X is the mean

S is the standard deviation

(KENDORSKI, 1976)
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PINE CREEK MINE

(OPERATED BY UNION CARBIDE CORPORATION)

LOCATION AND ACCESSIBILITY

The Pine Creek mine is located at 37°22'N, 118°43'W, in the Bishop
District on the eastern escarpment of the Sierra Nevada west of the town
of Bishop, California. Figure 1 illustrates the location of Bishop,
approximately midway between Reno, Nevada and Los Angeles, California.
Outcrop relief exceeds 6000 feet; from an elevation of about 7400 feet on
the floor of Pine Creek Canyon to a high point of 13,652 feet on the summit
of Mt. Tom. Despite the high elevation, the mine is accessible year round

by paved road from Bishop.

GEOLOGIC SETTING
Regional

Data for this section were extracted from Gray (1968), and Bateman
(1965).

The Pine Creek pendant, which contains the Pine Creek mine, is a lens of
metamorphic rock nearly 7 miles long and as much as one mile wide. As shown
in Figure 2, the pendant extends from the northeast face of the Basin Mountains
northward across Horton Creek, Mt. Tom, and Pine Creek, to the south end
of Wheeler Crest.

Figure 2 and Table 1 summarize the age relationships of the various
formations in the area. The pre-Tertiary rocks consist of a series of meta-
sedimentary and metavolcanic rock remnants enclosed by plutonic rocks of

various compositions ranging from hornblende gabbro to alaskite. The
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FIGURE 1.

Location map of the Bishop, California
areca, from Bateman (1965).
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TABLE 1.

Geologic Column

Age
m.y.
(2)

81-87
74-76

74-84
84-87
69-99

Geologic
Age

Pennsylvonian (?) Triassic

Quaternary

Cretaceous

a
Permicn {2)

Jurassic

Rocks

Alluwial fill
Glocial deposits
VYolcanic deposits
Older Glacial deposits
Bosalts
UNCONFORMITY
Fine groined quartz monzonite

Rocks similar to the
Cathedrol Peak Granite

Tungsten Hilis Quortz Monzanite
Gronodiorite of Deep Coanyon

Lomarck Gronodiorite

Round Valley Peok Gronodiorite
Wheeler Crest Quoartz Monzonite

Diorite, quoartz diorite, and
hornblende gobbro

PINE CREEK PENDANT
Malic meto-volconic racks
Felsic  meta--volcanic rocks
Micoceous quartzite
Marble

Pelitic horntels, micoceous
quartzite, and vitreous
quarlzite.

(from Gray, 1968)
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metasedimentary rocks (micaceous quartzite, pelitic hornfels, metachert,
marble, calc-hornfels, etc.) consist of low- to intermediate-grade metamorphic
- equivalents of fine-grained sediments deposited during the Paleozoic era in
a miogeosynclinal environment. The metavolcanics are Mesozoic in age, and
were deposited in a eugeosynclinal environment, and consist of both felsic
and mafic types. Strong folding followed the deposition of sediments and
volcanics. During or after this time, magma intruded the folded formations.

The metasedimentary rocks are distributed in a northwest-southeast pattern
east of the metavolcanics. The metavolcanics are believed to be stratigraph-
ically higher than the metasediments based on their occurrence along the east limb
of a major Paleozoic syncline. Strontium isotope ratios in the granitic rocks
suggest that the magma was generated by melting sediments mixed with volcanics.

The intrusive rocks in the region are considered to be of Mesozoic age.
The oldest intrusives are hornblende gabbros and quartz diorites. These were
followed successively by intrusions of the Wheeler Crest Quartz Monzonite, the
Lamarck Granodiorite, the Round Valley Granodiorite, the Tungsten Hills Quartz
Monzonite, and alaskite dikes. The Tungsten Hills Quartz Monzonite is a light
gray, medium-grained rock, prophyritic with phenocrysts of potassic feldspar.
The rock is usually homogeneous, and little foliation is evident. The Wheeler
Crest Quartz Monzonite is porphyritic with euhedral phenocrysts in a medium-
grained groundmass. The Lamarck Granodiorite consists of quartz, orthoclase,
and plagioclase, and ranges in composition from granodiorite to quartz monzonite.
Planar foliation is well developed near the margins of the Lamarck, and is
weaker toward the center. The Round Valley Peak Granodiorite has a composition
similar to the Lamarck Granodiorite, but has a finer texture.

The contacts between intrusives are usually sharp and well-defined.

Metasedimentary and metavolcanic rocks show little change as the granitic
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contact is approached. The tactites which contain the Pine Creek ore
bodies are a product of material exchange along thin boundaries between

marble and granitic melts.

MINE AREA

Data for this section were extracted from Gray (1968) and Bateman (1956,
1965) .

Figure 3 illustrates the surface geology of the mine and vicinity. The
Pine Creek ore bodies outcrop along the east wall of a cirque at the head of
Morgan Creek, a southward flowing tributary of Pine Creek. The deposits lie
along a 3000 foot segment of the contact between quartz monzonite and the
marble that flanks the west side of the north part of the Pine Creek pendant.
The Pine Creek mine is comprised of six deposits as shown in the cutaway
diagram in Figure 4. From north to south they are: the Loop ore body, the
North ore body, the Pinnacle ore body, the Main ore body, the South ore body,
and the Bend ore body. Typically, the larger deposits have average dimensions
on the order of 75 feet in width, 500 feetin length, and 2000 feet in
vertical extent.

The 1ithology and structure of the northern two-thirds of the Pine Creek
pendant, of which the Pine Creek mine is part, are relatively simple. The
mine area is near the north end of the pendant and on the west side of the
marble, along a span where the outcrops of marble are narrowest. The width
of the marble varies from 200 feet at the north end of the property to. 1000
feet at the south end. Tactite is present along most of the 3000 foot extent
of contact in the mine area; however, the thicker masses of tactite which
contain the ore bodies compose about 1000 feet of the contact. Along the

remaining 2000 feet of contact the tactite is either too thin or too low grade
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to be exploited. Of the six ore bodies that make up the Pine Creek mine,
only the Pinnacle ore body is totally enclosed in marble, while the others
are in the margins of the marble adjacent to the Tungsten Hill Quartz
Monzonite. The trace of the intrusive contact with the marble is quite
distinct and generally very sSteep or vertical.

The primary ore control is the contact between the marble and Tungsten
Hills Quartz Monzonite, where ore traps formed in irregularities in the
granitic contact. The geometry of ore body extensions in the marble is
frequently influenced by the original bedding.

Pre-ore faulting has not been an important element in the mineralization
of the tactites. Underground post-mineral fractures are commonly parallel with
a regional system of near-vertical joints developed in the quartz monzonite.
The displacement on the majority of fractures is less than one foot, with

occasional displacement of as much as 40 feet.

MINE FACILITIES

Data for this section were extracted from Bateman (1956, 1965) and Gray
(1967).

The Pine Creek mine was discovered in 1916, and has been operated by
Union Carbide Corporation since 1935. As of 1973, the mine had a production
capacity of approximately 325,000 tons of ore per year containing about 6
million pounds of recoverable tungsten.

The mine is entered through adits and is developed by means of raises,
levels, and sublevels. Figure 4 illustrates the mine workings and rock types
as they existed in 1965. The main adits are level C, level A, the Zero adit,
and the Easy-going adit, at elevations of 11,215; 10,940; 9430; and 8100 feet,

respectively. Levels A and C intersect the Main, South, and North ore bodies,
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the zero adit intersects only the Main ore body, and the Easy-going adit
is located about 1300 feet below the bottom of the present ore body.

The mine consists of two parts: (1) the part above level A (“old mine"),
and (2) the deeper part between level A and the Zero adit. The '"old mine"
has been considered to be worked-out; however, higher tungsten prices may
cause the reopening of the portion of the mine above level A.

The avaiiable literature does not indicate which of the ore bodies are
currently being mined, however, it is very probable that at least 3 of the
ore bodies are dormant. As indicated on Figure 4 and based on the available

cross-sections from Bateman (1965), there are substantial workings in the

quartz monzonite.
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CLIMAX MINE
(OPERATED BY CLIMAX MOLYBDENUM COMPANY,

A SUBSIDIARY OF AMERICAN METAL CLIMAX, INC.)

LOCATION AND ACCESSIBILITY

The Climax deposit is situated just above Fremont Pass on the west
slope of the Ten Mile Range, about 12 miles northeast of Leadville and
about 65 miles WSW of Denver, Colorado, at 39°22'N, 106°10'W (Figure 1).
The elevation of the mine area is approximately 11,500 feet with 3500 feet
of local relief. Excellent all-weather roads connect Climax with Leadville

and Denver.

GEOLOGIC SETTING

Data for this section were extracted from AMAX (1974+), Vanderwilt
(1955), and Wallace (1968).

As shown in Figure 2, Precambrian crystalline rocks constitute most of
the Ten Mile Range for several miles to the north, east, and south of
Climax.

The Precambrian biotite-quartz-feldspar schist and gneisses of the
Idaho Springs Formatioﬁ are the oldest rocks in the region. Locally these
rocks have been metasomatized to granite, and reinjected along with scattered
mafic dikes. Later in the Precambrian, the Silver Plume Granite intruded
the Idaho Springs Formation, in three closely related pulses.

During the Paleozoic Era approximately 5000 feet of sediments
{(limestone, sandstone, and conglomerate) were deposited. These sediments

were metamorphosed to quartzites and dolomites.
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Mesozoic sedimentary rocks are exposed to the north and east of
Climax. There are no Mesozoic sediments, or their equivalents, preserved
in the mine area.

Tertiary dikes and stocks intruded the Precambrian crystalline rocks,
and Tertiary sills and dikes cut the Paleozoic sediments. The intrusive
bodies range in composition from quartz monzonite to diorite. Porphyry dikes
are a common feature of the crystalline rocks north of Leadville. The

porphyry dikes represent the last phase of igneous activity in the region.

MINE AREA

Data for this section were extracted from AMAX (1974), Vanderwilt (1955),
and Wallace (1968).

During the Tertiary Period three granitic stocks intruded the Climax
area, The stocks were similar in composition and in close proximity, but
were not contemporaneous. Each stock created a molybdenum/tungsten ore body,
and was characterized by intense alteration.

The Southwest Mass of the Climax Porphyry was the first stock in the
series. The intrusion caused fracturing in the adjacent country rock, which
provided channels for ore-forming hydrpthermal fluids. The Ceresco molybdenum
ore body was formed in the shape of an inverted bowl, approximately 3,500 ft.
in diameter above the Southwest Mass, as shown in Figure 3a. Silicification
occurred beneath the ore body, replacing the existing rocks with nearly pure
quartz.

The area east of the Southwest Mass was intruded next by the Central
Mass of the Climax Porphyry. As in the previous intrusion, fracturing, up-
ward migration of hydrothermal fluids, and silicification were repeated, and

the Upper ore body was created. The ore body located above the Central
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Mass as shown in Figure 3b is of similar shape but smaller than
the Ceresco ore body.

The Aplitic Phase of the Climax Porphyry was the last ore-related
intrusion. It is located slightly east of the Central Mass, and experienced
the same series of mineralizing events. The resulting Lower ore body (and
Lower ore body high-silica zone), the smallest of the three, is similar in shape
to the others, and is located above the Aplitic Phase, as shown in Figure 3c.

A fourth igneous stock, the Porphyritic Granite Stock, was intruded into
the Aplitic Phase of the Climax Porphyry, as shown in Figure 3d. This non-ore
bearing stock has associated with it several large dikes and numerous small
dikes, which cut part of the ore bodies.

The emplacement of igneous stocks was followed by intense faulting and
fracturing. Major movements occurred along the Mosquito, South, and East
Faults, shown on Figures 2 and 7. The Mosquito Fault is a major structural
feature of Central Colorado. Movement along the Mosquito Fault had a profound
effect on the Climax mine. Approximately 9000 feet of vertical displacement
{(west block down with respect to east block) has been recorded. The upward
displaced east block, which contains the ore bodies, was subject to erosion
and glaciation, which resulted in the destruction of most of the Ceresco ore
body and the top of the Upper ore body. The approximate erosion surface is

shown in Figure 3d and 4.

MINE FACILITIES
Data for this section were extracted from AMAX (1974+) and Vanderwilt (1955).
American Metal Climax, Inc., the owner/operator of the Climax mine, was
formed by a merger of Climax Molybdenum Company and American Metal Company,

Ltd., in 1957. Prior to 1957, Climax Molybdenum Company operated the mine for
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about 40 years. The mine/plant employs approximately 2500 workers. The

mine operates three shifts per day, seven days per week, averaging 354 working
days per year. The present rate of production is between 37,000 and 48,000
tons per day, depending on market demands and plant efficiencies. As of

1972, the ore reserves at Climax were estimated to be in excess of 450 million

tons, of which 64% will be recovered by block caving.

Mining began at Climax in the Upper and White levels which were
abandoned in the 1930's when production shifted to the Phillipson level.
In the early 1950's a major new production level, the Storke Level, was
opened. The Stérke Level now produces more than half the current daily
production. Development of the Ceresco and lower levels was begun in the
1960's. In 1972 production started from the new 600 level. In 1973 the
first open-pit production began. The Phillipson and Ceresco levels were
abandoned in 1974. The current production and abandoned levels are illus-
trated in a cut away view of the mines in Figure 5, and individual produc-
tion levels'are shown in Figure 6.

A substantial amount of the mine workings must traverse igneous intrusive
and metamorphic rocks, as shown in Figure 7, a geological plan view of the
abandoned Phillipson Level.

The block caving mining method at the Climax mine is very efficient. The
current operations are serviced by three shafts: No. 4 shaft, service and
hoisfing, 19 ft. diameter, 754 ft. deep, the shaft is enclosed underground
and services the 600 and lower levels from the Storke level; No. 5 shaft, service,
23 ft. diameter, 670 ft. deep; and No. 7 Shaft, ventilation, 29 ft. diameter,
370 ft. deep, services Storke and lower levels. Adits service the Phillipson

and Storke levels, as‘shown in Figures 2, 6, and 7.
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Support is provided by 12' x 12" timber, or 5 ft. long roof bolts and
shotcrete, or concrete legs with rock bolts. Haulage is by rail to the
underground crushing plant, then by conveyor to the surface. Ventilation
is supplied at a rate of 1.3 million cfm. All mine water is collected in
flumes and pumped from the sump across the Continental Divide to be reclaimed
in the closed circuit mill water supply. Water flow averages 400 gpm

with 5000 gpm peaks during spring runoff.
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SCHWARTZWALDER MINE

(OPERATED BY COTTER CORPQORATION)

LOCATION

The Schwartzwalder mine (also known as the Ralston Creek mine) is locat-
ed at 39°50'N, 105°15'W in the Front Range on the southwest side of Ralston
Creek in the northeastern part of the Ralston Buttes district, about 8

miles northwest of Golden, Colorado (Figure 1).

GEOLOGIC SETTING
Regional

Data for this section were extracted from Sims (1964) and Sheridan
(1967).

As shown in Figure 2, metamorphic and igneous rocks of Precambrian
age form most of the bedrock of the Ralston Buttes district. In the north-
eastern part of the district, the Precambrian rocks are overlain unconformably
by sedimentary rocks of Paleozoic and Mesozoic age. An interlayered succession
of mica schist, gneiss, amphibolite, and quartzite comprises the Precambrian
metamorphic rocks. The rocks in this succession are of sedimentary origin,
and were intruded in the western and northern parts of the district by Pre-
cambrian plutons, comprised of granodiorite-quartz monzonite, quartz monzonite,
and hornblende diorite and associated hornblendite.

The predominant trend of layering, foliation, and the axial plane of major
folds in the Precambrian metamorphic rocks is east to northeast. This trend

is a product of major deformation accompanied by intrusion of the principal
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owner.
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SIMS (1964)
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igneous rocks. Four prominent northwestward trending fault systems cross
the district, consisting of breccia reefs, related faults, and intensely
fractured areas. It is believed that these faults were active during

Precambrian time and again during the Laramide revolution.

Mine

Data concerning the mine geology were extracted from Sims (1964),
Sheridan (1967), and EMJ (1978).

The Schwartzwalder mine is in the transition zone along the contact
between the mica schist unit and the undivided hornblende gneiss unit, as
shown in Figures 3 and 4. Bedrock in the mine area is represented by three
principal rock units: (1) mica schist in the southern part of the area,
(2) hornblende gneiss in the central part, and (3) microcline gneiss inter-
layered with less abundant hornblende gneiss in the northern part. The
hornblende gneiss is separated from the mica schist by a transition zone
50-300 feet wide. The mine workings are primarily in this transition
zone.

The rocks in the vicinity of the mine are folded into a fairly large
syncline and an adjacent. anticline, the axes of which plunge steeply to the
southwest. 1In places the syncline is tight, nearly isoclinal, and in part
overturned, while elsewhere it is more open. The predominant plunge and
bearing of lineations in the area are respectively 60°-70°S and 65°-70°W,
approximately parallel to the major fold axes.

Numerous faults and fracture zones of the Rogers fault system lie
within the area, primarily between two major bounding faults. The bounding
fault north of Ralston Creek (a reverse fault) strikes northwest, dips

steeply to the northeast, and has resulted in the displacement of the northeast
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block upward and to the southeast, with a lateral displacement of about
2200 feet. The other bounding fault trends northwest and lies approximately
" half a mile southwest of the mine. The block between the bounding faults is
approximately 3500 feet wide, trends about N50°W, and is cut by a group of
intricately branching and splitting faults. The history of movements along
the various faults is complex, and at least three episodes of fracturing are
recognized; however, the net displacement along the subsidiary faults appears
to be minimal. Some of the subsidiary faults are occupied by the mineralized
veins which make up the Schwartzwalder ore body.

The pitchblende mineralized veins of the Schwartzwalder mine are
typically dark-colored fault breccias and adjoining fractured wallrocks
which are coated, filled, and veiﬁed by ore minerals. The veins range in
thickness from a fraction of an inch to as much as 8 feet, however, in places
where they converge, stopes up to 35 feet wide have been mined. The locally
mineralized, steeply dipping Illinois fault hosts the Schwartzwalder ores.
In the mine, the fault can be seen as a breccia structure with mineraliz-
ation on the second level, as an unmineralized shear zone on the ninth level,
and as a mineralized coarsely crustified open fault with post-pitchblende
calcite on the 11th level. The ore strike length is usually short in
comparison with the miﬁeralized dip length. The source of mineralizing

fluids in unknown.

MINE FACILITIES

Data for this section were extracted from EMJ (1978).

Cotter Corporation acquired the Schwartzwalder mine in 1965, when the
operation was producing about 70 tons of ore per day. Production has since expanded

to 600 tpd, the maximum possible based on installed hoisting capacity.
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As shown in Figure 5, three internal shafts provide access to the
Schwartzwalder stopes: the No. 1 shaft, which is used only as an escape
route; the No. 2, with two 60-inch compartments covering a vertical distance
of 1300 feet; and the No. 3, with two 72-inch compartments covering a
distance of 1000 feet. Twenty levels at 100 foot vertical intervals extend
from the surface down to an elevation of about 4430 feet. Development
is currently being done on the 16th level.

Shrink stope methods, with jacklegs and stopers for drilling, are
used to extract steeper veins. Slushers, trackless loaders discharging into
Young Buggies, and l-cu-yd-capacity front-end loaders expedite transfer of
ore and muck to ore passes.

After mining terminates in a vein, stopes are sealed off to prevent the
escape of radon gas and to streamline the mine ventilation. About 250,000 cfm
of air is downcast through the shafts by 75-hp fans. The air exhausts through
an 8-ft diameter, 2500 ft-deep ventilation raise completed in 1977.

Along with possibly providing access for rock mechanics and hydrological
testing of high-grade metamorphic rock, the Schwartzwalder mine may also offer
sites for the study of natural uranuim occurrences as analogs to the behavior

of radioelements in a crystalline-rock waste-repository environment.
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URAD MINE
HENDERSON MINE
(OPERATED BY CLIMAX MOLYBDENUM COMPANY,

A SUBSIDIARY OF AMERICAN METAL CLIMAX, INC.)

LOCATION

The Urad and Henderson molybdenum mines are located at Red Mountain,
about 8 miles west of the community of Empire, in the Front Range of Color-
ado at 39°46'N, 105°50'W. As shown in Figure 1, the mines are about 50
miles west of Denver. The smaller Urad ore body crops out at the surface,
while the Henderson ore body is located about 3700 feet beneath the 12,315
foot peak of Red Mountain. The Henderson mine is about 2000 feet below the

Urad mine.

GEOLOGIC SETTING
Regional

Data on the geology of the region and the ore bodies was extracted
from Hoppe (1976) and Ranta (1976).

The regional geologic setting of the Urad and Henderson ore bodies can
be discussed jointly because of their proximity to one another within the
Red Mountain igneous complex.

The Red Mountain igneous complex was intruded into the Precambrian
Silver Plume granite near the convergence of two major fault zones. The
Berthoud-Loveland and Vasquez fault zones are believed to have been key
structural elements in the emplacement of the Red Mountain complex. The

Berthoud-Loveland fault zone has a NE trend and lies southeast of Red
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Mountain, while the Vasquez fault has a NNE trend and lies northwest
of Red Mountain.

The intrusive complex is exposed at the surface over an outcrop
area of 1200 by 2500 feet, at 7500 foot elevation; the diameter of the
complex is approximately 5100 feet. Subvolcanic rhyolite porphyries,
near the surface, change downward to mineralogically similar, fine-grained
granite porphyries and to a fine- to medium-grained equigranular granite.
These intrusions were emplaced in late Oligocene to early Miocene time.
Five major intrusive episodes, each with two or more phases, formed the Red

Mountain intrusive complex.

Geology of the Near-Surface Urad Mine

The geology of the Urad mine was extracted from Hoppe (1976) and
Ranta (1976).

The ore body originally contained approximately 13 million tons of
plus 0.3% MoS,. The maximum dimensions of the ore body are 400 feet wide,
1200 feet long, and 1000 feet high.

The Tungsten Slide complex, the East Knob Porphyry, and the Red
Mountain Porphyry are the three principal Tertiary intrusions exposed at
the surface. The relationship of these intrusions is shown in plan view
in Figure 1 and in cross-section in Figure 2. Radial and concentric dike
and explosion breccia patterns suggest that the intrusions were of a shallow,
subvolcanic nature. The ore at Urad is contained in a system of fractures
that transects the Precambrian Silver Plume granite and the Tungsten Slide
Complex.

The Tungsten Slide Complex consists of a breccia, in close association

with the Crowded Quartz Porphyry and the Square Quartz Porphyry. The
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Crowded Quartz Porphyry lies directly beneath the breccia, while the
rhyolitic Square Quartz Porphyry occupies a lower, core position within
- the Tungsten Slide Complex.

The northeastern part of the Red Mountain intrusive complex consists
of Tertiary East Knob Porphyry. The rhyolitic East Knob Porphyry is
strongly altered and pyritized, and locally contains presently-uneconomic
mineralization.

The Red Mountain Porphyry cuts both the Tungsten Slide Complex and the
East Knob Porphyry, and may have removed part of the Urad ore body. This
rhyolitic porphyry plug forms the core of the Red Mountain intrusive complex,

and may have fed a volcanic vent.

Geology of the Deeper-Seated Henderson Mine

Geology of the Henderson Mine was extracted from Hoppe (1976) and Ranta
(1976).

The Henderson molybdenum ore body contains in excess of 300 million tons
of ore, averaging 0.49% MoS,. The deposit has the shape of an inverted cup,
slightly elongate to the northeast. Ore body dimensions are approximately
3000 by 2200 feet with an average thickness of approximately 600 feet.

There 1is a transitional contact zone between the Red Mountain Porphyry plug
and underlying Urad Porphyry, some 2500 feet beneath the surface. Also shown
in Figure 2 are the Primos Porphyry and Henderson granite, which make up the
core of the Urad porphyry. Primos Porphyry solidified beneath the solid
crystalline hood of the Urad Porphyry intrusion, while the late Henderson
granite occupies a similar position beneath the combined Urad-Primos hood.

All of these deep-seated intrusions are granites.
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The Urad Porphyry forms the largest volume of any igneous rock in
the complex, and is the host for the bulk of the Henderson molybdenum ore

body and associated alteration halos.

MINE FACILITIES - Urad Mine
General

Climax Molybdenum Company purchased the Urad mine during the
mid-1960's. Mining at the Urad has been intermittent since 1920. Beginning
in 1967, Climax Molybdenum Corp. produced 6.5 million lbs. per year of
molybdenum at a daily ore mining rate of 5000 tons. From 1967 to 1974, the
now-depleted Urad ore body produced 13.7 million tons of ore, averaging

0.49 percent MoS,.

Mine

Data for this section wereextracted from Kendrick (1970).

The literature regarding the Urad mine does not give any information
concerning the present condition or type of facilities available.

The Urad ore body was made up of two distinct rock types - a Tertiary
fine-grained rhyolite porphyry and a Precambrian coarse-grained granite. On
the basis of these rock types, the block (inductive) caving mining plan had
two major production levels. The first caving, an area of approximately
300 by 450 feet, was totally within the rhyolite porphyry. Access appears
to be by adit rather than shaft. The second caving, about 300 by 300 feet,

was entirely within the granite.
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MINE FACILITIES - Henderson mine
General

Climax Molybdenum Company's Henderson mine began production in
July 1976. Ore production began at approximately 3000 tpd and is expected
to reach 30,000 tpd by 1980. The mine employs about 1300 workers. The
ore body lies 3700 to 5400 feet beneath the crest of Red Mountain, on the
eastern edge of the Continental Divide. The mine plant - headframes, shops,
warchouse, offices, and auxiliary facilities are situated at the foot of
Red Mountain, in the Cléar Creek Valley, some 1700 feet above the top of the
ore body. The mine plant is located alongside U.S. Route 40, 50 miles

west of Denver.

Mine

Data for this section were extracted from EMJ (January § June, 1976,
September 1975).

The Henderson mine project is a significant engineering achievement
based on the facts that its haulage tunnel is the third longest railroad
tunnel in the world, and its production shaft, at 28 feet in diameter and
3100 feet deep, is the largest in North America.

A mechanized panel-caving mining method is being used at Henderson.

In panel caving, the ore body is divided into a series of panels that are
defined by production drifts; each panel is 80 feet wide and of varying length.
There are no pillars left between the panels, which are caved in sequence,
progressing in two directions simultaneously. The first production level,

the 8100, is 2350 feet below the collar of the access shaft. The

second production level, the 7700, to be opened in later years, is

200 feet above the permanent main railroad haulage level.
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The Henderson mine is serviced by 4 shafts: No. 1 with a depth of
2440 feet; No. 2, 3100 feet and offset 2500 feet from the ore body; No. 3,
2290 feet; and No. 4, 1585 feet, located several miles away, which affords
exhaust ventilation for the railroad haulage tunnel.

Th~ No. 1 and No. 3 shafts, which are 23 feet in diameter, are exhaust and
intake ventilation airways. The No. 2 shaft has three-compartments and is equipped
with a 24 x 9 foot man-material cage with a capacity for 100 men or a 20-ton
load, a double-deck man cage with 114 man capacity, and a chippy cage for a
four-man shaft inspection tecam.

Figure 3 is a three dimensional view of the Henderson mine workings.
Total lateral development exclusive of the railroad haulage tunnel exceeds
114,000 feet, including 13,000 feet of ramps.

Henderson's main haulage way for transferring ore from the 24 loading
pockets cut above the 7500 level is a 52,000 foot long railroad tunnel. Ore
is transported in 30-car trains from the 7500 level at 3% grade to the western
portal at elevation 8950 feet and then another 4 miles to the crusher at
the mill site. The tunnel has dimensions of approximagely 16 x 15 feet, and
is driven through granite on the eastern, underground end, then through
Precambrian schists and gneisses. The metamorphosed rocks, which made up the
bulk of the western drive, caused some serious problems in tunneling through
sections of wet, highly fractured, and squeezing ground.

It appears that there are substantial workings in Precambrian granitic
and metamorphic rock, as well as in Tertiary grunitic rock, which may furnish

access for in-situ geomechanical and hydrologic testing.
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FIGURE 3. The complexity and number of development openings needed for mining
the Henderson are enormous. Total lateral development, excluding
the haulage tunnel, will exceed 114,000 feet before production
begins, including 13,000 feet of ramps, (after Hoppe, 1976).
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COLORADO SCHOOL OF MINES, EXPERIMENTAL MINE

LOCATION AND ACCESSIBILITY

The experimental mine of the Colorado School of Mines is located in the
Front Range, immediately northeast of the town of Idaho Springs, Clear
Creek County, at latitude 39°44'N, longitude 105°31'W. The location is
shown on Figure 1. Year-round access is provided by a road through Idaho
Springs, approximately 1/4 mile from Interstate 70.
GEOLOGIC SETTING

The regional geologic setting has been described by Lovering and
Goddard (1950), and the more localized setting by Moench (1964). Figure 2
illustrates the simplified geologic setting of the Idaho Springs area.
The mine is located in the Precambrian Idaho Springs Formation, considered
to be the oldest rock unit exposed in the Front Range (Lovering and Goddard,
1950). The Front Range in this area is generally composed of gneissic rocks
which were intruded at least three times in the Precambrian by igneous rocks.
Three principal rock types occur in the Idaho Springs area. They are, in
order of importance: granite-biotite gneiss, pegmatite, and biotite
gneiss. The granite-biotite gneiss is composed of interlayered granite
gneiss and biotite gneiss. The pegmatite is primarily composed of quartz
and feldspar, with some mica. The dark gray, fine-grained biotite gneiss
is a minor rock type in the area.

Studies of the central portion of the Front Range have shown that the
gneissic rocks were deformed at least twice (Moench, 1964). The first defor-
mation was apparently plagtic at high temperature and pressure, and was

accompanied by regional metamorphism and the emplacement of the intrusive
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bodies. The second deformation was cataclastic at low temperature and
pressure and was restricted to the vicinity of the Idaho Springs - Ralston
shear zone, located nearby to the south of the mine area. The first
period of deformation produced large north-northeast trending folds, and
the second produced intense cataclastic and numerous small east-northeast
trending folds. The area exhibits extensive jointing, with rehealing of
the older joints during periods of deformation.

A plan of the mine workings is shown on figure 3, and a simplified geo-
logic plan and section illustrates lithology and structural features of an

experimental area on Figure 4,
MINE CHARACTERISTICS
Rock-property data, size, facilities, and characteristics of the experi-

mental mine are summarized:

Rock Properties:

Unconfined 18.2 *3.6 ksi (uniaxial)
Strength: 500 psi 21.2 (triaxial)

1000 psi 27.8 (triaxial)
Modulus (Ey) 8.36 * .91x10% psi

Rock Mass Modulus: 4.0-4,7x100 psi
Density: 2.63 gm/cm3

Poissons Ration: 15 % .04
In Situ stress: o, = 456 psi
oy = 575 psi
Oxy = 43 psi (shear)
Hydrologic Conditions: probably above water table

Size: (1x7x3600 = 176,400) + (9x20x60) = 12,960) = 189,360 cu ft.
(7000m3) Fig. 1.
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Facilities:

Mechanical:
Electrical:
Transportation:

Compressors

Characteristics:

Depth: 350 - 600"
Mechanical stability:
Rock type:

very good,

(Figure 2)
Tectonics:

episodes of deformation
Jointing and Fracturing: 3 sets

Set  Strike Dip Spacing (ft)

A N44w 538 1.49
B N31E 558 0.53
C N73E 71N 0.70

The mine is presently used by students and faculty members of the Colorado

‘School of Mines for training and research projects.
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Sufficient to conduct a large test program
1/4 miles on macadam/dirt road off I 70

some rock bolted areas
Granite gneiss and biotite gneiss w/ pegmatite

Precambrian front range (Idaho Springs Fm), several

Length(ft) Block Vol
(cu ft)
0.67 0.55
1.24 0.55
1.29 0.55

As part of their mining

engineering education, essentially all of the underground excavation and

maintenance is done by students.
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THE LOST PACKER MINE
(Ivers Mining Company)

LOCATION

The Lost Packer mine, a small gold, copper, and silver operation, is
located in central Custer County 28 miles north of Stanley, Idaho, at
44°37'N, 114°53'W (Figure 1). Part of the Loon Creek District located in
the Salmon Mountains, the mine lies at an elevation of 8600 ft.

The mine can be reached only by three dirt roads, either from Route 93
or Route 21, Because of the altitude and the fact that Route 21 is closed

in winter access may be difficult.

REGIONAL GEOLOGY

The geology of the area has been described by Ross and Forrester, 1958,
and Umpleby, 1911, and is illustrated in Figure 2.

The oldest rocks in the district are Precambrian mica schist and quart-
zites which correlate with the Belt Series. (The Thompson Peak formation
is the rock unit in the immediate mine area.) They outcrop irregularly
over an area of about two square miles in the central part of the district.
These rocks are truncated in most directions by late Cretaceous grano-
diorite and quartz-diorite outliers of the Idaho Batholith, but they are
overlain to the north by quartz latite of Tertiary age (probably part of
the Challis volcanic series). Few bedding planes are visible in these
Precambrian rocks. Paleozoic rocks overlie the Precambrian rocks in the
south central part of the district. The two age groups are usually separ-
ated by a structural unconformity, but it was not observed in the area of

the Lost Packer mine. The Paleozoic rocks are fine-grained quartzites
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FIGURE 2. Geologic map of the Loon Creek mining district, showing
the location of the Lost Packer Mine.
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and blue dolomitic limestones which were considered by Ross and Forrester,
(1958), to be, respectively, of Cambrian and Ordovician age. Some younger
Paleozoic beds appear in other parts of Custer County. The late Cretaceous
Idaho. Batholith, composed of granodiorite, quartz diorite, and quartz mon-
zonite, extends into the Loon Creek District from the west. Outliers from
it appear to the east of the Precambrian metasediments and undoubtedly un-
~ derlie the whole district. The granitic intrusions in the Lost Packer mine
are related to the batholith., Dikes and veins of granite porphyry and di-
orite porphyry, probable of Eocene age, also cut the area and the mine.
Bond (1978) indicates that the porphyries are capped by mixed Eocene, sili-
cic and basaltic volcanic flows and reworked debris, surrounded by large
granitic plutons and dike swarms, also Eocene age. The Idaho Batholith
borders the Eocene intrusives to the west. Precambrian metasediments, low-
grade mica schist and quartzite, crop out 4 miles southwest of the mine
(Umpleby, 1911) (Figure 2). Based on the recent Idaho Geologic map (Bond,
19%8], it appears that the metamorphic rocks may be mid- to high-grade.
Gneissic rocks are found at the borders of the massive batholith intrusion
(Ross and Forrester, 1958).

The direction of fracturing in the district is generally northeast to
southwest (Bond, 1978). A strong schistosity in the Precambrian metasedi-

ments strikes west of north and dips southwest (Umpleby, 1911).

MINE GEOLOGY

The ore deposits of the Lost Packer mine occur in a fissure vein which
is located in two host rocks: (1) a Precambrian mica schist, and (2) a
Cretaceous quartz monzonite granodiorite-granite dike system. The vein
is offset and the ore often crushed by granite porphyry and diorite por-

phyry dikes. The dikes strike roughly parallel to the fissure vein but
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dip to the west less steeply than does the vein (Figure 3). The vein
strikes N-S and dips 75°W. It varies in width from a few inches to 5 feet.
" The walls of the vein are well defined, and the vein is filled with gouge,
sheeted schists, and/or lenses and stringers of ore. Ore minerals consist
of coarse-textured milky-bluish white quartz with chalcopyrite; together
with small amounts of pyrrhotite, pyrite, and siderite. The chalcopyrite
is the main ore mineral and occurs as bunches, small patches, irregular
grains, and interstitial fillings in a gangue of coarse quartz.

The gold is found mainly in the chalcopyrite and quartz. The age of
mineralization is late Cretaceous to early Eocene (Umpleby, 1911; CRIB,

1974) .

FACILITIES

The Lost Packer mine, owned by Ivers Mining Company (801 Tribune Build-
ing, Salt Lake City, Utah) and operated by Ivers/Finland, is inactive and
consists of six claims and two fractions. There are ten tunnels with a
total length of 10,000 feet reaching to a level of 1000 feet below the
highest outcrop (Umpleby, 1911; CRIB, 1974). No report was found on when
the mine became inactive. There is no information on the state of water
in the mine.

The mine is reported as being explored in 1977 and to have three
employees (Idaho Dept. of Labor and Industrial Services, 1977).

A memorandum from U.S. Department of the Interior, Bureau of Mines,
released in 1979 reports that some form of activity occurred at the mine

in 1978.
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THE COEUR D'ALENE DISTRICT, IDAHO

. LOCATION

The Coeur d'Alene District contains some of the United States' deepest
mines with a value of recorded base metal and silver production exceeding
$2 billion. The district is located in the panhandle of Idaho at 47°30'N,
116°W, between the cities of Wallace and Kellogg, 75 miles east of Spokane,
Washington (Figure 1). Though the mines are in metamorphosed argillaceous
rock, they are sufficiently deep and extensive, and have been characterized
by rock mechanics research, to warrant their consideration in the context
of this report.

GEOLOGIC SETTING

The distribution of mines, major faults and intrusive rocks is shown
on Figure 2 (from Sorensen, 1947). The rocks of the Coeur d'Alene district
comprise several units of the Precambrian Belt Series; their lithology and
stratigraphy have been describéd by Hobbs and others (1965). The Belt
Series is composed predominantly of fine-grained, slightly metamorphosed
quartzite and argillaceous quartzite. Small monzonitic intrusions and
several varieties of dikes cut across the quartzite and vary in age from
Cretaceous to late Tertiary. The Cretaceous monzonite Gem stocks and the
other intrusive rocks make up only a small part of the bedrock. However,
they are important because of their temporal and geographical relationship
to the ore deposits.

The district is at the intersection of a north trending major anticli-
nal uplift and the west-northwest trending Lewis and Clark line. The Gem
stocks crop out near the intersection and are aligned along the axis of
the arch. The Osburn fault which strikes roughly east-west, is the domi-

nant structural feature and bisects the district. The Osburn, a right-
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lateral strike-slip fault, offsets the major folds and other faults, and
separates the northern segment of the ore-bearing area from the segment to
the south. The ore occurs in veins mostly in west-northwest striking frac-
ture zones. The veins lie within a group of near-parallel separate mineral
belts. Those mines north of the Osburn fault include Hecla, Hercules,
Standard-Mammoth, Tamarack, Dayrock, Frisco, and Star-Morning. The group
on the south side of the Osburn fault includes the Galena, Coeur, Sunshine,
Crescent, Bunker Hill, and Page mines.

In general, the mine workings are in quartzite and argillaceous rocks.
However, some mine workings (such as the Tamarack, Interstate, Gem, Frisco,
and Dayrock mines) may extend into the Gem stocks and associated intru-
sives. The district includes the deepest mine in the western hemisphere,
the Star mine, with workings extending to 8300 feet below the surface.

In the following sections, the lithology and structure of the district
are described, followed by descriptions of three mines characteristic of
the district.

Lithology

The lithology and stratigraphy of the Precambrian Belt Series have been
described by Hobbs and others (1965 and 1968) and Sorenson (1947). The
stratigraphic section is outlined in Table 1 and illustrated on Figure 3.
The Belt Series is predominantly argillite and quartzite. Regional meta-
morphism is evident in the recrystallization of quartz grains and the form-
ation of micaceous minerals, chiefly sericite. Metamorphism of sandy and
muddy beds to quartzite and argillite is common, with the quartzite grad-
ing to argillite. Sedimentary structures, such as mud cracks and ripple
marks, abundant throughout the sequence. These features reflect a shallow
water depositional environment for much of the series and a near balance
between deposition and subsidence during much of Belt time. Nowhere is

the base of the Belt Series known to be exposed inside the district and
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TABLE 1. GENLRALIZLD STRATIGRAPHIC SECTION, COEUR D'ALENE DISTRICT, IDAHO,

(Adapted from lobbs and others, 1965, p. 14)

>
2]
m

FORMATION

LITHOLOGY

TIICKNESS

ORE-
BEARING

Quarternary

Alluvial deposits

Unconsolidated sands, gravels, channel deposits
and glacial and glaciofluvial deposits.

(feet)

0-150

No

or

Tertiary

Cretaceous
(7

Lamprophyre dikes

Biotite, hornblende, and pyroxene rich dikes.

0-10+

Dikes undifferentiated

Includes diabase, diorite, and monzonite dikes.

0-10+

Cretaceous

Monzonite

Includes monzonite, syenite, and diorite
intrusive crystalline rocks.

0-4000

Precambrian

Striped Peak Formation

Interbedded quartzite and argillite with some
arenaceous dolomitic beds. Purplish gray and
pink to greenish gray. Ripple marks, mud
cracks common. Top eroded.

1500+

No

Upper part

Mostly medium- to greenish-gray finely
laninated argillite. Some arenaceous dolomite
and impure quartzite, and minor gray dolomite
and limestone in the middle part.

Lower part

Wallace Formation

Light-gray more or less dolomitic quartzite
interbedded with greenish-gray argillite.
Ripple marks, mud cracks abundant.

4500-6500

Yes, but
limited

Upper part

Light greenish-yellow to light green-gray
argillite; thinly laminated. Some carbonate~
bearing beds.

Lower part

St. Regis Formation

Gradational from thick-bedded pure quartzite
at base to interbedded argillite and impure
quartzite at top. Red-purple color character-
istic; some green-gray argillite. Some
carbonate-bearing beds. Ripple marks, mud
cracks, and mud-chip breccia common.

1400-2000

Yes

Revett Quartzite

Thick-bedded vitreous light yellowish-gray to
nearly white pure quartzite. Grades intonearly
pure and impure quartzite at bottom and top.
Cross-stratification common.

1200-3400

Yes

Burke Formation

Light greenish-gray impure quartzite. Some
pale red and light yellowish-gray pure to
nearly pure quartzite. Ripple marks, swash
marks, and pscudo-conglomerate.

2200-3000

Yes

Upper part

Interbedded medium-gray argillite and quart:ose
argillite and light-gray impure to pure
quartzite, Some mud cracks and ripple marks.

Lower part

Prichard Formation

Thin- to thickbedded, medium gray argillite
and quartzite argillite; laminated in part.
Pyrite atundint.  Some discont inous quartzite
cones,  Rase buried.

12,000+
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the thickest partial section, between 40,000 and 50,000 ft. (Campbell,
1960), occurs just east of the Coeur d'Alene district and trends north-
northwest. The Belt Series is divided into six units. They are, from old-
est to youngest: the Prichard and Burke Formations, the Revett Quartzite,
and the St. Regis, Wallace, and Striped Peak Formations.

The Prichard Formation consists of dark gray to black argillite and
argillaceous quartzite. A maximum thickness of 12,000 ft. is exposed; the
thickness of the unexposed basal part is unknown. The upper section of
the Prichard, up to 2000 ft., consists of a transitional zone of alternat-
ing argillite and quartzite.

The overlying Burke Formation is composed of 2200 to 3000 feet of
greenish-gray sericitic quartzite interspersed with some fairly pure quart-
zite. Some argillaceous quartzite also occurs in the Burke Formation. The
contact between the Burke Formation and the overlying Revett Quartzite is
indefinite, and a transition zone extends 500 feet or more.

The Revett Quartzite consists of massive, thick-bedded, gray to white
quartzite. Vitreous quartzite beds make the Revett the most distinctive
formation in the area. Within the district, the formation thickens from
about 1500 ft. in the east to about 3400 ft. in the west.

The next overlying unit is the St. Regis Formation which grades from
interbedded quartzite and argillite to a dominantly thin-bedded argillite
which is typically purplish-red to red in color. The upper section of the
St. Regis Formation is characterized by a chert-like, finely laminated ar-
gillite. The thickness varies from 1000 - 1400 ft. in some areas.

The Wallace Formation is 4500.— 6000 ft. in thickness and consists of
gray to white calcareous quartzite and gray to black calcareous argillite,

dolomite, and limestone.



132

The uppermost formation, the Striped Peak, consists of purplish, pink,
and green quartzite and argillite. Only the basal 1500 ft. of the Striped
Peak lies in the district and its exposure is limited to small areas.

The Cretaceous monzonite stocks are made up of two main bodies and
several smaller ones, and are associated with the Idaho batholith. The
bulk of the rock is monzonite but the composition ranges-from syenite to
diorite. The main bodies are known as the Gem stocks and are located north
of Wallace and east of the Dayrock mine (Figure 2). The contacts on the east
side of the stocks are génerally steep or even overhanging, whereas the
west boundaries dip somewhat less steeply to the west.

Diabase and lamprophyre dikes which transect the district apparently
represent two separate episodes of intrusion, and are of questionable Cre-
taceous and Tertiary age. The dikes commonly are located along the promi-
nent west-northwest faults and many have been sheared subsequent to their
intrusion. The diabase dikes are most numerous and most continuous south
of the Osburn fault. A large dike along the Osburn fault is exposed in
several mine workings and is probably fairly continuous. Another dike
appears to be continuous from the Sunshine mine eastward to the Coeur
d'Alene mine, a distance of about 3 miles, and it may extend farther. The
lamprophyre dikes are abundantly exposed in mine workings. They are dark-
colored, fine grained rocks characterized by biotite or hornblende pheno-
crysts. They are most numerous north of the Osburn fault. The lamprophyre
dikes are devoid of ore minerals, and some dikes clearly crosscut the mon-
zonite stocks and the veins. Presumably the lamprophyre dikes represent
one of the latest igneous episodes in the area. Other dikes include some
silicic and intermediate rock types that are in part direct off-shoots from

the monzonite stocks and also some dikes of undetermined composition.
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Rock Properties

Rock properties and in-situ deformation behavior of the Revett Quartz-
ite and St. Regis Formation (argillaceous quartzite) have been measured by
Chan and others (1972). In general, the quartzites were found to deform
nearly linearly, starting at an applied stress of 5000 to 6000 psi and con-
tinuing to the ultimate strength of the rock. However, when rocks contain
high percentages of carbonate, sulfide disseminations, and microfractures,
or are highly argillaceous, the deformation becomes non-linear. Details of
these tests and deformation behavior of rock masses in the Galena, Lucky
Friday, Silver Summit, and Star mines were reported in Chan and others
(1972), in the Bunker Hill mine by Conway (1972), and in the Crescent mine
by Skinner (1972).

Regional Metamorphism

All Belt sedimentary rocks are weakly to moderately metamorphosed. The
chlorite and biotite in the Prichard and Burke Formations, far removed from
the stocks, indicate the extent of regional metamofphism and show that it
was low-medium grade (Hobbs and others, 1965). Though the Belt Series
rocks are predominantly quartzite and argillite, in some parts of the dis-
trict, metamorphism has resulted in phyllite and schist.

Contact metamorphism has occurred around the stocks. The most wide-
spread effect is an aureole of recrystallization, extending a few feet
into the sedimentary units.

Structure

The regional structure of the Coeur d'Alene mining district is illus-
trated on the geologic map in Figure 2. The district is located at the
intersection of the Lewis and Clark Line with a broad anticlinal arch that

extends in a northerly direction from the Idaho batholith to Kimberly,
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British Columbia, Canada (Hobbs and Fryklund, 1968). The Lewis and Clark
Line is a prominent zone of faulting, shearing, and complex folding that
trends in an east-southeast direction. The Osburn fault is the major
structure of the Lewis and Clark Line in the district. The rocks of the
district are intensely deformed, and Hobbs and others (1965) describe the
area as a ''structural knot'". The rocks are tilted, sheared, and faulted,
and most dip at angles of 45° or greater. Nearly vertical dips are common
and many beds are overturned.

Faults are the dominant structural feature of the Coeur d'Alene dis-
trict and control the location of the ore deposits. The faults have been
grouped into four categories by Hobbs and others (1965):

(1) low-angle reverse faults

(2) early steep-dipping reverse and normal faults

(3) strike-slip and rélated normal faults

(4) late normal faults.

The Osburn fault, the major structural feature in the district, has a
right-lateral displacement of 16 miles. The Osburn divides the district
into two parts that differ markedly in structural characteristics (Wallace
and others, 1961). North of the Osburn fault, the rocks are moderately
deformed and the axes of the folds trend in a northerly direction. South
of the Osburn fault, the fold axes trend westerly and the folds are tightly
compressed so that beds dip vertically and in some cases are overturned.

Between the Osburn fault and the Placer Creek fault, which roughly par-
allels the Osburn 3 - 4 miles to the south, are numerous other faults that
trend northwest. They form the connecting links between the two faults.
Most dip steeply to the southwest and are reverse, normal, or strike-slip.

The Crescent, Silver Summit, Consolidated Silver, and Coeur d‘'Alene mines
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are located along these faults. Two sets of faults predominate north of
Osburn fault. One set trends west-northwest and is subparallel to the
- Osburn fault. The Lucky Friday mine is located within this set. The
second set trends north and includes the location of the Dayrock mine.
(Figure 2).

Fault gouge and zones of sheared, crumpled, or highly fractured rocks
are associated with all the faults. Hobbs and others (1965), report

that in quartzite:

"The strain along a fault is characterized by a relatively
narrow zone of gouge bordered by a zone of breccia which grades
outward into small shears and joints. In comparison, along a
fault of similar displacement in argillite, the strain produces
a relatively wider zone of gouge surrounded by contorted and
crumpled rock."

An example of zones of fault gouge and brecciation along the Osburn fault
is illustrated in the Morning mine (Figure 4 ). Bedding-plane slippage and
puckering are additional types of faulting or shearing that are common in
the district.

Hobbs and others (1965) recognized differences in the structure and
lithology on opposite sides of the Osburn fault and use this information
to substantiate the 16 miles of right lateral strike-slip displacement
along the tault. On the other hand, Full (1955) believed that the geology
is too complex to explain the displacement on the Osburn fault as strike-
slip. However, geologic evidence substantiates the observations that the
pattern of faulting formed after the major period of folding. Displace-
ment along strike-slip faults has offset fold-axes, and displacement on

dip-slip faults has cut folds.

Mineralization is probably directly related to the structural history

of the region and extends from Precambrian to Tertiary time. The veins of
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the major period of ore formation were probably localized along a system of
throughgoing fractures that were opened after the intrusion of the monzo-
" nite stocks. Thus, the major mineralization is Cretaceous or younger.
Much of the structural pattern was present prior to the formation of the
principal ore deposits; however, a major amount of strike-slip movement
took place after ore emplacement. Regardless of the differences in fault
pattern and orientation in the district, all the major ore bearing zones
have approximately the same orientation, N65°W. The orientation of the
zones of ore bodies is about 10° to 15° more northerly than the general
trend of the Osburn fault.

ORE DEPOSITS OF THE COEUR D'ALENE DISTRICT

The Coeur d'Alene district ore deposits have been described by several
authors, including Sorenson (1947), Campbell and others (1961), Hobbs and
Fryklund (1968), and Carter and Li (1976). The definitive study is the
paper by Fryklund (1964). The major ore deposits are steeply dipping tab-
ular replacement veins containing lead, zinc and silver. The veins range
in thickness from less than an inch to a yard, and locally may be several
times this thickness. Individual ore shoots are known to range in length
from several feet to more than 3000 feet and some may exceed this length
when fully developed. The important producing veins are nearly straight,
parallel to subparallel, and trend about N65°W.

There were six periods of mineralization, each distinguished by the
minerals it emplaced (Fryklund, 1964). Precambrian mineralization is
represented by arsenopyrite-pyrite veins cut by uranium-bearing veins.
Hydrothermal alteration also occurred in the Precambrian. Late in the
Cretaceous, after emplacement of the Gem stocks and monzonite, the main
period of mineralization occurred. The metal-producing veins of galena,

sphalerite, and tetrahedrite were intruded, and the surrounding country
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rock was recrystallized. The final phases of mineralization occurred in the
Tertiary period. The first was a period of base metal mineralization. A
second phase is represented by stibnite and scheelite-stibnite veins; these
veins are older than the Tertiary diabase dikes. A third phase includes
arsenopyrite and gold veins; these veins are younger than the diabase dikes.

The mineral belts are structural features. In some places the mineral
belts parallel the trends of the fold axes; in others they cut across the
axes at high angles. The monzonite stocks interrupt the mineral belts but
do not disturb the main trends of the belts that are aligned across them.
Within the mineral belts the distribution of veins, shears, and fractures
differs from place to place and apparently is affected by the physical
properties of the country rock and other factors.

The length of the mineral belts ranges from 1-14 miles. The ore shoots
are scattered in the mineral belts in a random pattern. The size of indi-
vidual shoots covers a broad range. An example of a large ore shoot is the
main ore body in the Star and Morning mines. This ore body measures 3000
ft. long and 7500 ft. from its exposure at the surface to the lowest level
mined. The maximum vertical extent is not known; its width is up to 60 ft.

The mineralization is clustered in two groups on opposite sides of the
Osburn fault, localized along well-defined parallel or subparallel belts.
As summarized by Hobbs and Fryklund (1968), the ore belts north of the
Osburn fault are zoned concentrically around the Gem stocks; the major ore
minerals are galena and sphalerite. The deposits south of the Osburn fault
show no evidence of concentric zoning, the gangue minerals show no orderly
pattern, and the major ore minerals are sphalerite, galena, and tetrahe-
drite.

Among the 175 mines of the Coeur d'Alene district, which include 32

active mines (1daho Dept. of Labor and Industrial Services, 1978), there
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are many deep underground workings in metamorphic rock. Two mines north

of the Osburn fault, the Dayrock and Star-Morning, and the Coeur mine south
of the fault will be described because of their characteristics and poten-
tial accessibility. Other mines in the district with potential because of
rock type, depth of workings, and possible accessibility are the Lucky
Friday, north of the Osburn fault; and the Consolidated Silver, Silver Sum-

mit, Crescent, Galena, and Sunshine south of the fault.
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DAYROCK MINE

(DAY MINES, INC.)

LOCATION

The Dayrock Mine lies 3 miles north of Wallace, Idaho, along Ninemile
Creek Canyon, at a surface elevation of 3200 ft. TIts location is shown on
Figure 2 of the preceding section. The lead-silver-~zinc mine is located at
township 48N, range 4E, section South 10, 11, 14, and 15. It was reported
active in 1978 with seven employees (Idaho Dept. of Labor and Industrial
Services, 1978). Currently, the mine is inactive and is being kept open
for potential exploration.

GEOLOGIC SETTING

The geologic setting of the Dayrock mine was described by Hobbs and
others (1965), Farmin (1961), Fryklund (1964),'and Carter and Li (1976).

A generalized geologic cross section, Figure 1, shows the rock type, geo-
logic structure, and ore bodies to a depth of 1250 feet. The host rocks
are the Precambrian Belt Series argillites and quartzites. The upper
three-quarters of the mine is located in St. Regis argillites and the lower
quarter is in underlying Revett Quartzite. Shearing and alteration have
weakened the rock and there are abundant clay minerals and sericite in the
argillite.

One of the Gem stocks lies approximately 250 ft. east of the mine; how-
ever, its proximity is the result of movement on the nearby Dobson Pass
fault. A few dikes cut across the mine for lengths up to 100 ft. They are
altered and softened, requiring timbering in the mine.

The ore is mainly galena, pyrite, sphalerite, and tetrahedrite with
subordinate amounts of gangue minerals. The ore occurs in lenses, string-

ers and disseminations.



144

N \ \
\ \%eq;»‘-" DAYROCK MINE

Z \ \ \ GEN. GEOLOGICAL CROSS
- \ SECTION

v n \ Looking West
\ Vi \\\\ ~Scale: linch= 200 feet

’ \By G.M.Crosby

E-' \ Levels
‘\ E \ \ 2% - —_ 0
\ ‘,_‘ E | — 100
SR A |
- .:/ — 200
] .°- . ,!\ | . 300
{_-a——”'\
| ' ‘ | — L0O
|
Y z , ' ! S00
v, \‘.‘_‘ ‘
: ..'\ . %' | — 450
] . ?%\ m&
o :.¥.<§ / —~—— 800
- ! ’ {/ :
R N
: : — 95
7 L f / sﬁ : >
-
RS VA
ifr /7 § / : — 1100
, @ B
1T
: — 1250

FIGURE 1. Generalized geologic cross section of the Dayrock mine,
Coeur d'Alene mining district, Idaho (Farmin, 1961).




145

STRUCTURAL SETTING

The Belt rocks in the Dayrock mine strike northwesterly and dip north-
easterly 45°-80°. The mine area is bounded by the Dobson Pass fault on
the east and the Blackcloud and Osburn faults on the south. The veins
occupy fractures or shears in the host rocks and may be traced for up to
hundreds of feet. Numerous stringers, pods, and disseminated bodies of
ore minerals are scattered between the veins.

Faulting in the Dayrock mine is complex (Hobbs and others, 1965).
Normal faults cut the veins and displace them by as much as hundreds of
feet, progressively lower to the west. Another set of faults with reverse
movement up to 90 ft. parallels the veins, complicating the geology and
mine development. The rocks and, to a lesser extent, the veins are drag-

folded, especially near faults.

MINE CHARACTERISTICS \

Notes on the Dayrock mine workings and mining method are based on
few sources and a paucity of information. The workings are in quartzite
and argillite and may extend into intrusive rock. They include a 300 ft.
adit, a vertical shaft, and tunnels at the 1400 ft. and 3000 ft. levels,
and possibly others. A total of 900,000 tons of ore were extracted between
1923 and 1962 with a 3.6 million oz. silver content (Idaho Bureau of Mines
and Geology, 1963). The mine workings are fairly wet and are timbered in
the faulted and sheared areas (Acres, 1975). The lead, silver, and zinc
is vein mined by cut and fill (Cobbs, 1976). Some areas are backfilled
with quartz sand. Haulage is accomplished by rail.

The Dayrock mine was reported mined out in mid-1974 (Carter, 1976);
however, new exploratory drilling was completed in 1975 in an area west of
the mineralized zones. Results were inconclusive and additional drilling

or shaft sinking may have been undertaken.
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STAR-MORNING MINE

(BUNKER HILL-HECLA MINING COMPANIES)

LOCATION
The Star-Morning Unit represents the intersection of the Star mine

workings on the west and Morning workings to the east. It is situated

six miles northeast of Wallace, Idaho, and north of the Osburn fault. The
mine's location is shown on Figure 2 of the preceding section. The Star-
Morning ore shoot lies-in rocks of the Precambrian Belt Series in township
48N, range 5E, section 21 and 22. The mine is reported active and continu-
ing normal operations with very good results during the first quarter of
1979 (Wallace Miner, Apr. 19, 1979). There were 360 employees at the Star
mine and 2 at the Morning in 1978 (Idaho Dept. of Labor and Industrial Ser-
vice, 1978). The Star and Morning mines are operated as a single unit, and

are accessible by interconnecting tunnels at depth.

GEOLOGIC SETTING
The geologic setting of the Star-Morning mine has been described by

Hobbs and others (1965}, Fryklund (1964), and Sorenson (1947). It is as-
sumed that the geology of the Star-Morning Unit is similar to, and closely
associated with, the Star and Morning mines; however, literature does not
give sufficient detail to validate this assumption. The Star mine is lo-
cated entirely in Precambrian Revett Quartzite, while the top of the Morn-
ing mine is in the St. Regis Formation (argillite and quartzite), but be-
cause the contact between the Revett Quartzite and St. Regis Formation dips
steeply eastward, most of the mine levels are in both formations. Beds in

the Star and Morning mines generally strike slightly west of north, dip
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steeply, and are cut by the veins at high angles. A monzonite dike is ex-
posed in the upper level of the Star-Morning mine. Fine grained dikes with
phenocrysts transect the mine. The largest dikes extend 5500 ft. from the
top of the mine with a maximum width of 70 ft. The dikes are associated
with haloes of alteration that may extend 50 ft. or more into the country
rock on each side. The alteration includes chlorite and chloritized

quartzite.

STRUCTURAL SETTING

The Star fault cuts the Star mine veins and is subparallel to them.
The fault also offsets the monzonite dike. There is about 270 ft. of dis-
placement on the Star-Morning ore shoot with the north side moving east on
the Star 2300 level. More recent faults have developed thick gouge seams

in the vein and along the hanging wall and footwall.

MINERALIZATION

The Star-Morning ore shoot is the largest in the Coeur d'Alene dis-
trict. The vein in the Morning mine was stoped for about 6725 ft., with the
last 1000 ft. below sea level, where the vein still contains ore. The ore
shoot has not been mined to the same depth in the Star mine. Within the
ore shoot, the vein is divided by large inclusions of country rock. The
average vein width is about 10 ft.

The main ore body of the Star mine is in a nearly vertical shear zone
striking N79°W and has a maximum length of 4000 ft. and an average stoping
width of 10 ft. The competence of the ore vein is less than the wall rock.
Physical properties of the quartzites collected from the lower levels of

the mine show an average compressive strength of 26,000 psi (Chan and
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others, 1972), an average modulus of elasticity of 8.5 x 10° psi, and an
average tensile strength of 1500 psi (Waddell, 1966). Additional rock
properties and in-situ measurements have been completed by Patricio and

Beus (1976).

MINE CHARACTERISTICS

The Star-Morning Unit is mined by the horizontal cut and fill method.
There are five shafts and extensive tunnelling at depths from 800 to 1400
feet below the surface. Actual ore tonnage is 282,000 short tons with a
daily ore capacity of 1100 tpd and 852,000 tons proved reserves (E/MJ,
1977). The mine is a leading producer of silver, zinc, and lead, with
a cumulative ore tonnage of 20 million tons (1894-1962) and 49 million

ounces of silver (Idaho Bur. of Min. Geol., 1963).

The workings extend to a depth of 6720 ft. with a length of approxi-
mately 3900 ft. and width of 49 ft. (CRIB, 1976). The Star and Morning
mine§;tunne11ed through the mountain and joined workings in the late
1970'5; currently an exploratory tunnel is being driven to the Lucky Friday

mine across the Hunter fault with five miles of tunnelling in barren rock.

Recent exploration may have extended workings into plutonic rock.
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THE COEUR MINE
AMERICAN SMELTING AND REFINING COMPANY

(COEUR D'ALENE MINES CO.)

LOCATION

The newest silver mine in Idaho, the Coeur mine began operation June
1976 énd currently ranks fifth in terms of production among underground
silver mines in the United States (Wallace Miner, Apr. 26, 1979). 1t is
located along the Polaris fault, south of the Osburn fault, and 3.5 miles
west of the city of Wallace. Its location is shown on Figure 2 of the pre-
ceding section. The mine came into production after 11 years of explora-
tion and development costing $20 million (Carter, 1976). The deposits lie
in quartzites and slates, in the footwall of the Polaris fault. The mine
has extensive workings to a depth of 4428 ft. and the 3400 foot level con-

nects the Coeur to the Galena mine, 7500 ft. to the southeast.

GEOLOGIC SETTING

The geologic setting of the Coeur mine was described by Carter and Li
(1972), Hobbs and others (1965), and Fryklund (1964). The Coeur ore-
bearing veins lie in quartzites, argillite, and slate in the Precambrian
St. Regis-Revett transition zone. The transition zone extends from near
the surface to the 3700 foot level. The veins strike from the northeast
to northwest, dip steeply to the south, average over 5 ft. in width, and
have an average strike length of 750 ft.

The ore-bearing veins also occur along the footwall of the Polaris
fault which is well exposed in several of the workings. A zone of gouge a

few inches wide and several yards of sheared rock are commonly associated
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with the fault. On the adit level, the zone of gouge and sheared rock
along the fault is more than 10 ft. wide. Very little specific geologic

information on the new mine is available in the literature.

MINERALIZATION

Most of the mineralization is contained in two veins. One vein has a
strike length of 600 ft. and extends vertically for about 1000 ft. The
second vein has a strike length of 800 ft. and a vertical extent of more
than 1600 ft. These two veins having an average thickness of 5 ft. are the

initial mining targets.

MINE CHARACTERISTICS

Conventional horizontal cut and fill methods are used to mine the ore.
Drifts are being driven on the veins to further develop ore blocks by rais-
ing. From the horizontal stope cuts, ore is slushed to chutes that feed
the main haulage rail system. Stopes are filled with mill tailings.

The mine workings include two shafts. The main shaft extends to a
depth of 4430 ft. with the last 1134 ft. below sea level. Other mine de-
velopment work includes a 2300 ft. ventilation raise and development raises.
A drift has been driven from the Coeur 3400 foot level to the Galena mine
3700 foot level to serve as a secondary exit.

Production in 1977 was 118,600 short tons with daily capacity of 450
tpd (Eng. Min. J. Directory, 1977). The net production in 1978 was 152,000
tons extracted (Wallace Miner, July 5, 1979).

Recent development work has added more than 150,000 short tons of new

ore to reserves (E/MJ, March 1979). Plans reported in March 1979 call for



153

extending working levels of the Coeur mine (E/MJ, March 1979).
Mining equipment includes a rail haulage transport system, and a dou-

ble-drum hoist in the main hoisting area.
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THE BLACK HAWK (SECOND POND) - BLUE HILL MINE
(Kerr American, Inc.)
LOCATION

The ore deposits are located at 44°22'N and 68°41' W in Hancock
County, Maine, south of Blue Hill village which lies 14 miles west of
Ellsworth and 30 air miles from Bangor (Figures 1 and 2).

REGIONAL GEOLOGY

The Hancock County area lies in the Southern Volcanic Belt (Doyle
1966) . This belt is composed mostly of granite with smaller amounts of
diorite and diabase. The granite of Devonian age (?) intrudes highly
altered schists and amphibolites—the Ellsworth formation of Precambrian
to Ordovician age (?), the oldest formation in the area and the next in
abundance. The formation strikes approximately north-south (Chin-Yuanili,
1942) (Young, 1968).

In the immediate mine area, the country rock, the Ellsowrth formation,
strikes approximately north-south and is almost surrounded by the intrusive
granite on the east and the south. An intrusive diorite-diabase body
bounds it on the west. (Figure 3)

Metamorphism and Structure

Metamorphism of the rocks is of medium to high grade. Folding and
faulting is minor. This deformation is considered to be of Devonian age
(MAS, 1979). The major structural features of the area strike NE-SW, para-
1l1el to the regional structural pattern of Maine. When viewed as a whole,
the granite intrusions also occupy a NE-SW belt. In the mine region, the
strike of the schistosity is predominantly WNW-ESE and the dip is 50°SW.
However, local variation of these features can be large (Ching-Yuan Li,

(1942).
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FIGURE 2. Basic gcologic environments, State of Maine
(Young, 1968).
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Mine Geology

The Second Pond deposit occurs as a series of shallow dipping (26°)
parallel ore zones wrapped around the nose of a gently folded southerly
plunging anticline (CRIB, 1978). The ore bands are in highly altered
schists and amphibolites of the Ellsworth formation and near granite
intrusions and are thought to be genetically related to these intrusions
(Young, 1968) (Ching-Yuan Li, 1942). The ore minerals are chalcopyrite,
sphalerite, galena, and pyrrhotite.

Hydrology

In Maine, some tracts of land considered suitable for mineral rights
staking are controlled by the state. These are usually called "public
lots." Natural water bodies greater than ten acres are in this category
(Young, 1968). Second Pond is one of the latter. This suggests that the
mineralization is beneath a water body and is, evidently, the reason for
the inclined shaft on this property. Water removal is therefore a
problem in the mine because of the high water table. At present the
Second Pond Mine is completely water filled. In fact, when the mine
was put on standby, the water followed the departing miners (private
communication).

FACILITIES

The mining property is owned and operated jointly by Kerr American
Inc. (subsidiary of Kerr Addison) and Black Hawk Mining Ltd. (subsidiary
of Denison Mines Ltd.), (3900 S. Tower, Royal Bank Plaza, Toronto,
Ontario, Canada) which are Canadian companies. The ore reserves as of
December 31, 1976, were estimated to be 140,200 tons. In 1973, ore

reserves were estimated to be 670,000 tons (CRIB, 1977). 1In 1970, the
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shaft depth was 698 feet with levels at 280, 380, 400, 580, and 680 feet.
A trackless mining method was used.

Engineering and Mining Journal (1965) stated that the company was
sinking an inclined shaft to 1300 feet. Young (1968) reported that a
three compartment 1300 foot shaft was sunk and several thousand feet of
development completed on the 380, 480, and 580 levels. CRIB (1977)
stated that in 1968, the shaft depth was 400 meters with levels of 116,
146, and 177 meters.

Operations were halted in 1977 and the mine placed on standby because
of low copper and zinc prices. In 1977, the total amount of mined ore
was 144,964 tons (483 tons/day) (Canadian Mines Handbook, 1978-79) (The
Mineral Industry of Maine, Minerals Yearbook 1971). The Kerr Addison
1977 Annual Report indicates that mine openings were closed with concrete
bulkheads at that time. Their 1978 report states that mining and milling
operations were being conducted on a care and maintenance basis only.

The mine is now inactive and filled with water.
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MINNAMAX PROJECT

(OPERATED BY AMERICAN METAL CLIMAX INCORPORATED)

LOCATION
The Minnamax project site is located approximately 5 miles SSE of
Babbitt, and about 60 miles north of Duluth, Minnesota (Figure 1) at

47°37'N and 91°52'W. The elevation of the area is about 1600 feet.

GEOLOGIC SETTING
Regional
Data for this section were extracted from Bonnichsen (1972), Minnesota
Department of Natural Resources (1977}, and Phinney {(1972). The Duluth
Complex of northeastern Minnesota includes about 2500 square miles of Upper
Precambrian anorthositic, troctolitic, gabbroic, and granitic intrusive
rocks. The complex has an arcuate pattern extending from Duluth northeast-
ward into the northeasternmost tip of Minnesota, a distance of 150 miles.
The complex was intruded along an unconformity between the ovérlying volcanics
(North Shore Volcanic Group - mainly rhyolite) and underlying older rocks of
Early and Middle Precambrian ages (Virginia Formation sediments, Biwabik Iron
Formation, and Giant Range batholith). Radiometric dating indicates an age
of approximately 1120% 15 million years for the Duluth Complex intrusives.
The region in which the Minnamax project is located is referred to as
Babbitt-Hoyt Lakes, and is approximately midway along the northwestern edge
of the Duluth Complex, as shown in Figure 2. The geology of the Babbitt-Hoyt
Lakes region as well as the location of the Minnamax project is shown in

Figure 3.
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Two major rock groups in the complex are recognized, a troctolitic series
and an anorthosite series. The troctolitic series consists of troctolite
(primarily calcic plagioclase and olivine), and augite troctolite, while the
anorthositic series consists primarily of gabbroic anorthosite and troctolitic
anorthosite. The troctolitic series occurs adjacent to the western margin
of the complex. The anorthositic series generally is located east and south-
east of the troctolitic series. Numerous inclusions of fine-grained, generally
granular hornfelses, ranging in size from a few inches to thousands of feet,
are present in the southern half of the complex, and are especially abundant
within the troctolitic series adjacent to the western margin. Hornfelses

derived from mafic volcanic rocks probably are most abundant,.

MINE GEOLOGY

The data fér this section were extracted from Phinney (1972), and CRIB.

Exposures are poor in the area of the Minnamax project, and the relation-
ships among the various units are not well understood. The host basal trocto-
litic gabbro of the Duluth Complex varies in grain size, mineral proportions,
structural attitude, and texture. The exploration shaft and accessory tunnels
are apparently in the Duluth Complex intrusive, The data available suggests
that the main rock types in the mine workings are medium-grained troctolite
grading locally into olivine gabbro; the texture in places may be pegmatitic.
The copper/nickel mineralization is in the form of a sulfide segregation in
the troctolitic intrusive.

The shape of the deposit is tabular, with dimensions of approximately
6000 meters in length, 115 meters in width, and 100 meters in thickness. The
ore body strikes N45°E and has a dip of 17°SE. The depth to the top of the

ore body is about 430 meters.
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MINE FACILITIES

The data for this section were extracted from CRIB, EMJ (1976), and
.USGS (1979).

The Minnamax ore body was discovered by Bear Creek Mining Company in 1957,
and was later acquired by Amax Exploration, Inc. Amax has carried on a sub-
stantial amount of exploration since acquiring the property. A 14 foot
diameter shaft has been sunk to a depth of 1710 feet, as illustrated in Figure 4.
Approximately 6000 meters of drifting has been done from the shaft,

A decision to develop the prospect will not be made before 1980, and
startup will require an additional 3 to 4. years.

Amax is permitting the U.S. Geological Survey and the University of
Minnesota to use part of its Minnamax underground workings to c¢onduct a

comprehensive series of stress measurements.

ELY PROSPECT

The Ely prospect of International Nickel Company is located approximately
15 miles east of Ely, Minnesota, less than 20 miles north of the Minnamax
project. The geology of the Ely prospect is likely similar to Minnamax,
since both are part of the troctolitic gabbro of the Duluth Complex. The
underground workings at the Ely prospect consist of a shaft approximately
1,000 ft. deep, a 400 ft. long, 8 ft. wide drift, and a 40 ft. wide, 180 ft.
deep stope. A limited description of the site, along with a more complete
discussion of hydraulic fracturing field tests, were given by Von Schonfeldt
(1970). 1In this report the Ely prospect is categorized in group 2 because

sufficient data are presently not available.
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BLACK PINE MINE

(CONSOLIDATED COPPER CO.)

LOCATION AND ACCESSIBILITY

Black Pine Mine is an active small silver mine in the Philipsburg
District, Granite County, Montana. Since 1882, it has been mined intermit-
tently with an estimated cumﬁlative production (1885-1964) of 2.6 million
ounces of silver and 3000 ounces of gold (Krohn and Weist, 1977). Formerly
called the Combination mine, it is located west of Henderson mountain at
46°27'N, 113°22'W at an elévation of 6500 ft. It is accessible by gravel
road, 12 mi. northwest of the town of Philipsburg (Figure 1).

The Black Pine Mine is included among the ''class 1" mines in this study,
as representing an active mining district, and also for comparison with
mines of the Coeur d'Alene District, Idaho. The Coeur dVAlene mines are
located in quartzitic rock types similar to those of the Philipsburg
district, but the structural Settings of the two districts are distinctly
different. The new development drifts at Black Pine may extend into the

nearby intrusive rocks.

GEOLOGIC SETTING

The geology of the Black Pine mine area was briefly outlined by
White (1976) and described in detail by Wallace and others (1978),
Prinz (1967) and Emmons and Calkins (1913). It is an area of folded
and faulted Precambrian sedimentary rocks that have been intruded by

Cretaceous batholiths (Figure 2). The sedimentary rocks consist mainly

of limestone, dolomite, shale, quartzite, and phosphatic quartzite which,
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FIGURE 2, Geologic map of the area around the Black Pine Mine,
Granite County, Montana. (Wallace, 1978)
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near the contacts with batholithic rocks, have been metamorphosed to
marble, tactite, and hornfels. The stratigraphic sequence in the
Philipsburg district is outlined in Table 1.

The oldest unit in the district is the Spokane Formation, equivalent to
the Miésoula Group of the Precambrian Belt Series (Ross, 1963). The Spokane
Formation consists of a series of thin-bedded red to brown siltstone, mas-
sive gray to reddish brown quartzite and thin-bedded sandstone and shale,
with an aggregate thickness of 5000 ft. (Ross, 1963). The Spokane Formation
is the only rock unit at the mine, and the ore, so far as is known, is con-
fined to the quartzite members. The quartzite is slightly metamorphosed.
Some secondary quartz has been added by circulating waters, and white mica
or sericite has been developed from the clay between the grains of sand.
Otherwise, the quartzite has not been greatly metamorphosed. Other units
of the Belt Series that crop out in the area, but are not exposed in the
mine, are Newland limestone and shale, Ravalli quartzite, and shale and
Neihart quartzite and argillite. The rocks strike approximately N30°W and
dip from 10-20°SW.

Intrusive igneous rock has not been reported in the mine, but more
recent exploratory drifts may have intersected intrusives. The nearest
known intrusive is a granodiorite porphyry dike about 1 mile north of
the mine. The Philipsburg batholith, a large granodiorite pluton, lies
several miles south of the mine. The batholith is elliptical in plan
and underlies an area of 45 square miles. Mineralization of the mine
may be associated with the intrusion of the batholith, which is described
in more detail in the section covering the Granite-Bimetallic mine.
STRUCTURE

The structural setting of the Black Pine mine is simple compared to the

highly contorted and faulted conditions in the Coeur d'Alene mines.
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Rock Thickness Description
Unit
CRETACEOUS
Philipsburg
Batholith Coarse grained granodiorite,
even textured to porphyritic,
associated stocks and dikes.
Radiometric age 78-68 million
yedrs-before present (Tilling
et al, 1968).
PRECAMBRIAN
Spokane 1525 m Massive gray to reddish-brown
Formation (5,000 fé ) quartzites, thin-bedded red to
? ) brown siltstone and thin-bedded
sandstone and shale; mud cracks
and ripple marks present.
Newland 1200 m. Calcareous shales and impure
Formation (4,000 ft.) limestones characterized by
buff tints on weathered surfaces.
Ravalli 600 m. Gray quartzitic sandstone with
Formation (2,000 ft.) much dark shale in upper part.
Neihart 300 m. Pure thick-bedded light colored
Quartzite (1,000 ft.) quartzite.

TABLE 1. Generalized geologic column for the Black Pine Mine
area, Philipsburg mining district, Granite County, Montana
(adapted from Ross, 1963; and Emmons and Calkins, 1913).
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At Black Pine, the rock units are gently dipping and the ore-bearing veins
lie along the bedding planes. Several normal faults traverse the area,
while no thrust or strike-slip faults occur. The normal faults strike
northwesterly, paralleling the strike of the quartzite with displacements
up to 33 ft. However, some faults cut the quartzite strata at right angles
to its strike.

The principal structural features originated during the Laramide orogeny
after broad folding of the Precambrian sediments. The Spokane quartzites
were thrust eastward over younger Paleozoic rocks and folding continued.
Intrusion of the Philipsburg batholith south of the mine area followed the
folding and faulting. The period of ore deposition then occurred along
fissure veins. Normal faulting along bedding postdates mineralization

and was the last event of the orogeny.

MINERALIZATION

The Black Pine ores occur in bedding fissures of the Spokane Formation.
The silver-bearing replacement veins are silica rich, and as a group
range from a few inches to twenty feet in thickness. The average
thickness is probably 3-5 ft. The veins are banded, and breccia zones par-
allel the layering and the walls in many places in the veins. The walls of
the veins are generally sharp and commonly marked by fault gouge.

The Combination vein, the principal vein, is in quartzite and nearly
everywhere conforms to the bedding of the country rock (Figure 3). General-
ly, it is a simple fissure filling deposited in an open space along a single
bedding plane; locally it is divided by large slabs of the country rock.

The vein dips 10°-30°SW and extends more than 3500 ft. along the strike and
an equal distance down dip. The hanging wall and footwall of the Combina-

tion vein are barren and unaltered.
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Cross section of the Combination lode, a bedding-plane fissure vein
in quartzite. It is cut by normal faults across the bedding.
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FIGURE 3. Geologic cross section of the Combination Vein, Black Pine Mine
in relation to the Spokane Formation quartzite. Displacements

are shown along several faults, and early mine workings (from
Emmons and Calkins, 1913).



178

The structure of the ore-bearing veins is comparatively simple (Fig-
ure 3). The veins follow the bedding planes of the quartzite, except in
areas of post-ore faulting. On level 5, near the Harper Shaft, the main
vein strikes N30°W and dips 15°SW, typical of the strike and dip of the vein
at most places in the mine.

In addition to the Combination vein, three other mineralized veins are
recognized: the Upper, the Tim Smith, and the Onyx. Only the Combination
vein was mined extensively in the past and is now being worked. The Tim
Smith vein is located 150 ft. above the Combination vein, and contains ore-
grade material. Not much is known about the Onyx vein, located 400 ft.
below the Combination vein, as it is largely unexplored. Nothing was

reported about the Upper vein in the literature.

MINE CHARACTERISTICS

The mine was originally developed through eight vertical shafts and
three tunnels (Emmons and Calkins, 1913). Four shafts and mine workings
along the Combination vein are illustrated in Figure 3. The ore body is a
large blanket deposit. Levels were excavated at about 100 ft. intervals
down the dip of the vein and have a difference in elevation of about 20 ft.
A long incline was driven on the main vein from a station near the bottom
of the Harper Shaft to the Harrison Shaft. In 1913, the workings comprised
in all about 12,000 ft. of intersecting drifts, inclines, and crosscuts.

In 1970, Inspiration Consolidated Copper Co. acquired the Black Pine
mine (White, 1976). The exploration program included drifting in the ore
and diamond drilling from the surface. The present development plan prior
to stoping is reprinted from White (1976), in Figure 4. Four shafts that
were sunk in the early operations are presently being used. The Harper is

used today as an exhaust shaft in the ventilation system. A second shaft,
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the Lewis, will be added to the ventilation system when the main haulage
reaches a length of 2200 ft.

The ore body is extracted in 100 x 100 ft. ore blocks. Three panels are
driven in each direction across the ore blocks with 6 x 6 ft. pillars left
between panels to support the back. The stope headings are 6 ft. high by
15 ft. wide.

Rock bolting provides roof support, with landing mat strips between
bolts. The ground is competent, and a number of stopes from early mining
operations remain open.

The mine is essentially dry and does not require pumping for dewatering
(White, 1976). However, Emmons and Calkins (1913), reported that mine work-
ings below level 14 were flooded and above this level were accessible and in
good condition after a long period of idleness (about 1897 to 1913).

Equipment includes Gardner Denver 83 jacklegs for drilling, Eimco 911
LHDS for mucking, Caterpillar 950 for loading ore, and Eimco 980T-10 for
haulage. Air is circulated by two 40-hp Joy Axivane fans with a 80,000 cfm

capacity. Several surface facilities are also present.
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BUTTE MINING DISTRICT AND BUTTE UNDERGROUND MINES

(THE ANACONDA COMPANY)

LOCATION AND ACCESSIBILITY

The Butte district is composed of underground and surface mining opera-
tions in Silver Bow County, Montana at 46°1'N, 112°33'W, (Figure 1). The
mining district is located east of the city of Butte (population ~23,000),
surrounded by the Tobacco Root Mountains at an elevation of 5700 ft. The
area is accessible by air, rail and highway year round.
GEOLOGY

The geology of the Butte district is described in detail by several
authors; notably by Sales (1914) and more recently by Meyer and others
(1968). In this review the general lithology, structure, and minerali-
zation of the district are described, followed by brief descriptions of
two accessible underground minds, the Leonard and Steward mines.
LITHOLOGY

The Butte district is underlain by the Boulder batholith which intruded
into a central tectonic block bounded by faults and the Lewis and Clark line-
ament. The generalized geologic setting is illustrated in Figure 2 and a
generalized lithologic column, vein-type and alteration sequence in Figure 3.
The Boulder batholith is a composite of epizonal plutons that range in com-
position from gabbro to granite. The batholith and related intrusives were
emplaced during a ten million year interval from 78-68 million years. Knopf
(1957) and Klepper (1962) show that emplacement occurred in phases, beginning
with intrusion of mafic bodies near the north and south portions of the
present-day batholith, followed by massive granodiorite emplacements, and

finally the Butte quartz monzonite. The Butte District is located in the
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Butte quartz monzonite which forms the main mass of the batholith. Large
dikes and smaller irregular bodies of younger quartz monzonite cut older
‘rocks. Late magmatic alaskite and aplite dikes cut all rock types and vary
in size, shape, and texture.

The Butte mines worked fissure veins in the Butte quartz monzonite. The
Butte quartz monzonite is medium to rather coarsely textured, homogeneous in
composition, and contains about 65 percent SiO2 and equal parts of quartz
and orthoclase. Plagioclase is abundant and the mafic minerals present are
hornblende and biotite. Isolated dikes and irregular masses of aplite and
pegmatite, composed predominantly of quartz and K-feldspar, are scattered
throughout the quartz monzonite. The aplites and pegmatites are usually
closely associated and, in some places, grade into the quartz monzonite.

Most of the aplites are tabular and fill cracks in the quartz monzonite.

Quartz porphyry dikes and plugs are associated with the quartz monzonite
and were present in the district at the time of mineralization. They are
irregular porphyritic dikes with prominent quartz phenocrysts, and cut the
quartz monzonite. The dikes range from 10 to 50 ft. in width, are roughly
parallel in trend, and have nearly vertical dips. They have been observed
as deep as the 4200 foot level, still in dike-like form. The contacts of the
quartz porphyry are sinuous with only moderate fragmentation of the quartz
monzonite.

Another set of intrusives locally called the "rhyolite dikes'" followed
the ore emplacement. They are rhyolitic or quartz latitic in composition
and contain quartz phenocrysts and euhedral phenocrysts of albite and K-feld-
spar in a predominently aphanitic groundmass. The rhyolite dikes have offset
and brecciated ore veins and‘locally metamorphosed the vein minerals. These
dikes were intruded in two stages. The earlier stage strikes roughly east-

west and dips nearly vertically. It is essentially a single dike which
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crosses the entire district. It follows pre-existing planes of weakness,
such as the Anaconda fissures, and the Stewart and Middle faults. The second
set of dikes, trending north-south, cuts the east-west dike, with ''chilled"
margins at the contact with that dike. Most of the north-south dikes extend
. to the surface and are a few hundred feet wide near the surface. They are
less altered than the east-west dike. Radiometric dates using 40K/40Ar
indicate that the east-west dike is about 48 million years old and the north-

south dikes are about 40 million years old (Woakes, 1949).

STRUCTURE

The Butte district is located in a central tectonic block of an active
mountain-building region. To the north, a thick sequence of Precambrian Belt
Series sediments is faulted and folded along axes parallel to the regional
northwesterly Rocky Mountain trend and displaced northeastward as the Lewis
thrust plate. The district is bounded on the south by a stable block of
gneiss, schist, and granite thch has resisted deformation since the Precam-
brian. The central block is also bounded on the north by the Lewis and Clark
lineament and on the south by an east-west lineament. This central mass has
been an area of recurrent subsidence and deformation, and has migrated east-

ward relative to the adjacent blocks. It is postulated by Meyer and
others (1968) that the eastern movement was retarded by the stable
block to the south, inducing clockwise rotation. This rotational move-
ment explains the northwesterly structural trend in the northern block,
the northeasterly trend in the central block, and the northwesterly
trend again in the southern block. It appears that the structural trend
of the district was established before the main stage of mineraliza-
tion, and the reverse "S" curvature of structural trends influenced
orientation of the Boulder batholith itself.
Structural development continued during and after mineralization (Prof-
fett, 1973). Post-ore structures include intrusions, strike faulting along

earlier veins, and movement along several systems of faults with accompanying
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brecciation. These events are not described in more detail here as they have
little effect on the underground mine workings.

In addition to the lineaments and thrust faulting in the district, there
are several other fault systems. The Blue fault strikes north-westerly and
offsets the Anaconda veins in a left lateral motion. The Steward fault sys-
tem is the earliest of a series of northeast-striking normal faults which
offset the Anaconda fissures. The Rarus fault consists of a zone of 50 ft.
or more of bifurcating individual fault gouges. The Middle fault system
strikes slightly north of east and steeply dips to the south; the movement
is apparently normal. The chief member of the Continental fault system is a
north striking normal fault, located at the eastern edge 6f the district.
Topographic evidence indicates displacement of 1500 ft. and there are strong
indications that movement since mineralization may be several times that
much.

The extreme complexity of the fault patterns in the Butte district indi-
cates that the structural epochs were not sharply defined or separated by
periods of stability. There was much refaulting throughout and following
mineralization.

MINERALIZATION

The main stage of mineralization occurred between phases of intrusion,
uplifting and faulting. In general, mineralizazion in the large veins
occurred as roughly concentric zones of zinc and manganese around a central
zone of copper. Slightly offset from these zones and earlier structurally,
is a zone of quartz-molybdenite veinlets occurring at the 2800 foot level
and widening downward.

Butte is one of the world's outstanding examples of metal and mineral

zoning. Three zones were outlined by Sales (1914). These zones are:
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(1) A central zone occupying an area of altered granite in which the ores
are characteristically free of sphalerite and manganese minerals,

(2) An intermediate zone in which the ore is predominantly copper, but is
seldom free from sphalerite, and

(3) A peripheral zone in which copper has not been found in commercial
quantities.

The approximate positions of these zones are illustrated in Figure 4. The
line between the Central and Intermediate zones is called the ""Copper Front"
and delineates the area within which ores of copper may be found in major
structures. The "Copper Front" includes some islands of copper ore lying
outside of the zone of continuous copper mineralization. Most of these
islands are connected along veins to the main copper zone at deeper levels.

- The association of wall-rock alteration and ore at Butte was the subject of
a classic paper by Sales and Meyer (1948).

Nearly all the production from Butte has come from large veins and from
zones of closely spaced fractures called '"horsetail ore bodies.'" A plan view
of three major veins is illustrated in Figure 5.

Sales (1914) reported that the east-west striking veins weie the first
of the large veins in the district to open and receive mineralization. He
named these the Anaconda system; a cross section view of one of the Anaconda
veins is shown in Figure 6. Five principal veins of the Anaconda system have
been mined extensively along with 12 to 15 smaller veins and numerous splits
and bifurcations. The average width of the Anaconda veins is between 20 and
30 ft., and locally the veins may extend to 100 ft. in width. These maximum
widths generally occur in the zone of changing strike.

In the eastern part of the district the "horsetail zones' occur. These
ore bodies are hundreds of yards long and up to 200 ft. in width, and have
been mined over vertical distances as great as 2000 ft. The zones strike

about N70°E, perpendicular to the small individual mineralized fractures.
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Each small fracture or fracture zone contains a miniature ore shoot bordered
on either side by gangue.
MINE DESCRIPTIONS

The Anaconda Company phased out all underground mining operations at
Butte in November 1975 (Thomas, 1977). It was once the largest copper pro-
ducing district in the United States, including both surface and underground
workings, and has produced 16.2 billion pounds of copper, 4.8 billion pounds
of zinc, and great quantities of manganese, lead, silver, gold, and other
metals (Meyer and others, 1968). After almost a century of deep vein mining,
more than 42 miles of vertical shafts have been sunk and thousands of miles
of other underground passageways were excavated. Although the underground
mines are not operating, a few deep workings are being maintained to facili-
tate reopening should mining become economically feasible (Thomas, 1977).
Leonard Mine

The Leonard mine was exploited for copper almost continuously from 1886
to 1967 and reopened in January, 1972. Three levels were active; the 3500,
3600, and 3800; with plans to reopen the 3400 and 3900 foot levels (Society
Economic Geologists, 1973). The host rocks in the mine are Butte quartz
monzonite, quartz porphyry, and aplite. The structural setting and mineral-
ization of the area consist of N70°E trending, steeply-dipping horsetail ore
bodies and east-west and northwest trending main stage veins. Post-mineral
rhyolite dikes cut across the mine between the Leonard and East Colusa shafts.
Left lateral movement is evident in the mine on some fault systems. Mine
workings were active on veins west of the Middle fault, on horsetail ore bod-
ies and selective veins between the Middle fault and No. 20 fault. Figures 7

and 8 illustrate the workings at the 3600 and 3800 foot levels, respectively.
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Steward Mine

The Steward mine is one of the oldest underground workings, with copper
-mining beginning in 1879. It had nine levels active in 1973 and was being
mined at a rate of 800 to 900 tpd. The active levels were the 3400, 3800,
3900, 4000, 4100, 4200, 4400, 4500, and 4600 foot levels.

The host rocks in the Steward mine are the same as at the Leonard mine.
The Steward mine illustrates the entire range of pre-Main Stage vein and
alteration events. The post-mineral Rarus fault cuts northeasterly through
the mine and dips northwesterly. The fault has two main strands, each off-
setting Main Stage veins right-laterally. The Middle fault and smaller
parallel faults strike northeasterly and dip steeply to the south in the
mine. These structures cut and offset Main Stage veins 20 to 40 ft. left
laterally.

In 1973, three systems of Main Stage ore-bearing veins were reported
being mined at the deeper levels of Stewart. Five veins were being exploit-
ed, and development headings on the 3900 and 4000 foot levels were being ex-
tended to the southeast. Further, trackless mining equipment was assisting
development on the 4500 foot level. Figures 9 and 10 indicate mining activ-

ities on the 4200 and 4400 levels, respectively.
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GRANITE - BIMETALLIC MINE

(PETER FRANK and WILLIAM ANTONIOLI, owners)

LOCATION

The Granite-Bimetallic Mine is located 2.5 miles southeast of the town
of Philipsburg, in Granite County, Montana, at 46°19'N, 113°15'W, (Fig-
ure 1). The mine is on the western slope of the Granite Mountain Range at
an elevation of 6780 ft. One of the principal producers of silver in the
Philipsburg district, the mine was identified as being active in 1976, with
ore reserves estimated at one million tons (U.S. Geol. Survey, 1976), and

was inactive in 1978 (Lawsoﬁ, 1979).

GEOLOGY

The geology of the district is described by Prinz (1967), Ridge (1972),
and Emmons and Calkins (1913). The Granite-Bimetallic mine is in an area
of folded and faulted Precambrian and Paleozoic sedimentary rocks that were
intruded by the Philipsburg batholith, stocks and dikes of Cretaceous age
(Tilling and others, 1968), (Figure 2). The sedimentary rocks consist pri-
marily of quartzite, shale and limestone, which have been metamorphosed
near their contact with the batholith. The stratigraphic sequence is list-
ed in Table 1. The oldest rocks, the Missoula Group quartzite of the Belt
Series, are exposed in the core of a north-trending anticline. Above a
slight unconformity is the middle Cambrian Flathead quartzite, which is
overlain by the mid-Cambrian Silver Hill formation. The upper Cambrian
consists of the carbonate rocks of the Hasmark and Red Lion formationms.
Several miogeosynclinal sedimentary units lie unconformably above the Red

Lion limestone; however, they do not crop out in the mine area.
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TABLE 1.—Straligraphic succession in the Philipsburg district

Age Formation

Thickness
(feet)

Charscter

Permian Undifferentiated

180

Yellowish-brown to gray sandstone and
qnartzite, red to brown shale, and phos-
phate rock.

Carboniferous

Pennsylvanian | Quadrant Quartzite

300-325

Massive white to brown qnartzite.

Mississippian | Madison Limestone

1, 000-1, 500

Fine-grained dark-gray lmestone with
some chert.

Jefferson Limestone

1, 000-1, 300

Fine-grained ng' blue-gray, or brown
calcitic and dolomitic estone; meta-
morphosed to medium-grained white to
gray marble near batholith.

Devonian

Maywood Formation

210400

Fine-grained greenish- or brownigh-gray
and purple dolomitic imestone, siltstone,
and sandy limestone. Gray shale at
base. Some sllicates and hornfels formed
during metamorphism.

—-—Unconformity-—

Cambrian

Red Lion Formation

Upper

Thin-bedded light- to dark-gray limestone
with thin shaly and st us layers.
Partly metamorphosed to marble, horn-
fels, and tactite. Uppermost 2-8 ft is
nearly pure marble (Headlight bed).

Hasmark Formation

300-1, 300
(average 800)

Medium- to coarse-grained white to buff
thick-bedded dolomitic marble with a
few thin beds of shale.

Silver Hill Formation
Middle

260-320

Limestone with i lar beds of siliceous
shale. Lower third predominantly shale,
Metamorphosed to marble, tactite, and
hornfels. Locally called garnet rock.

Flathead Quartzite

135

White to gray quartzite with some inter-
bedded dark-gray shaly quartzite.

—-— Uncomformity——

Missoula Group

Precambrian
(Belt Series) (undifferentiated)

uartzite

QGray to greenish-gray impure
ode: 1athead

with some shaly beds; simitar to
Quartzite.

(from Prinz, 1967).
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The Precambrian and Paleozoic sedimentary rocks were intruded by the
Philipsburg batholith, which is predominantly medium-grained granodiorite.
-The Philipsburg is one of the larger satellite plutons of the Boulder batho-
lith (see the description of the Butte underground mines), and is associated
with numerous stocks and dikes of similar composition. Although the bulk of
the Philipsburg batholith is granodiorite there are older, more mafic masses
along the margins. The batholith is elliptical in plan and extends over an
area of 45 sq. mi.. Most of the granodiorite is unweathered; however, it is

intensely altered near the veins.

STRUCTURE

The structural setting of the region includes a broad north-northeast
trending, north-plunging anticline truncated by the Philipsburg batholith.
The anticline and the batholith are cut by a number of fault systems. In
general, they fall into three groups: 1) pre-intrusive faults trending
northwest and dipping steeply northeast, 2) post-intrusive faults striking
easterly and dipping steeply south, and 3) post-intrusive faults striking
northwest and dipping 45-60°0 southwest. The faults are normal and displace-
ments are rarely greater than 5-30 ft. Dikes and sills of granodiorite cut

the sedimentary rocks near the batholith.

MINERALIZATION

The steeply-dipping veins of the mine are located in the western portion
of the Philipsburg batholith. The deposits of the Philipsburg district are
divided by Prinz (1967) into four groups: (1) steeply dipping quartz veins,
(2) quartz veins along bedding planes, (3) manganese-rich replacement depo-

sits, and (4) contact metasomatic magnetite deposits. Quartz veins (1)
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predominate in the Granite - Bimetallic mine. They have been mined primarily
for silver, zinc and lead and cut both the batholith and the surrounding sed-
imentary rocks. The ore occurs as fissure;filling and as replacement depos-
its. In the mine, the veins strike west or northwest and dip steeply to ver-
tical. Zoning is common. The principal ore body is a tabular mass and mea-
sures from 3-10 ft. in thickness and is about 4,600 ft. long (U.S. Geol. Survey,
1976). The deepest part of the mine is in the eastern portion where the ore
extends downward more than 2600 ft. The Granite vein (Figure 3) is the larg-
est and richest; it strikes about N78°E and dips generally about 75°S. Its
average width varies from 4-8 ft., and in some places it widens to a maximum

of 26 ft.

MINE CHARACTERISTICS and FACILITIES

The Granite Mountain and Bimetallic mines were worked separately until
1898; since then they have been worked together as both are located on the
same ore body. During early operation the mine was worked from five drift
tunnels, two deep shafts and a long adit which drains the Granite Mountain
mine between the 14 and 15 levels and the Bimetallic mine at level 10. The
Granite shaft is about 1550 ft. and the Bimetallic shaft is about 1800 ft.
(Emmons and Calkins, 1913). The largest vein, the Granite vein, has been
stoped for 4500 ft. along the strike and to depths of 2,600 ft. The aggre-
gate length of workings reported in 1976 is 20 mi. (U.S. Geological Survey,
1976). The mine is drained by an 8,850 ft. tunnel from Douglas Creek Canyon,
crossing the Bimetallic shaft at a depth of 1000 ft. and the Granite shaft at

1,450 ft. Below this level, the mine was pumped (Emmons and Calkins, 1913).
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TEM PIUTE DISTRICT

(OPERATED BY UNION CARBIDE CORPORATION)

LOCATION

The Tem Piute mining district is located approximately 85 road miles west
of Caliente and 100 miles east of Tonopah, Nevada, in the Timpahute Range at
37°38'N, 115°38'W. (Figure 1). The major tungsten deposits are located at
the north end of Coyote Peak. Elevation in the mine area is approximately

6,400 feet with several hundred feet of local relief.

GEOLOGICAL SETTING
Regional

The data for this section were extracted from Tschanz (1970).

As shown in Figure 2, the geologic map of the Tem Piute district, the
Timpahute Range is primarily composed of Paleozoic sediments dipping
steeply to the east. Permian rocks are present on the east side of the
district. Mississippian rocks at the north end of the district have been
intruded by two Tertiary granite stocks, each less than one mile in diameter.
The dip of the bedding steepens northward along the west side of the stocks
until the rocks are overturned; this is assumed to be the result of pre-
granite thrust faulting. The Devonian and older rocks in the main part of
the district are thrust over the Chainman shale and younger rocks. In the
southern foothills, the Devonian rocks make up the upper thrust plate, while
north of Tempiute, they make up the lower plate. On the west side of the range,

Middle Pennsylvanian rocks are in contact with Ordovician rocks, due either
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EXPLANATION
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to thrusting or right lateral faulting.

- MINE AREA

Data for this section were extracted from Tschanz (1970).

The tungsten deposits are found in or near thick bodies of tactite, at
or near the contact between the Paleozoic rocks and the granite. As shown
in Figure 3, there are three elongated bands of tactite parallel to the
bedding of the Devonian and Mississippian limestones along the west side
of the south granite stock. The south stock is conspicuously more altered
and less resistant to weathering than the north stock. The granite and
tactite are partially concordant with the limestone. The limestone is
irregularly bleached and recrystallized as far as 700 feet from the granite
contact; the tactite is irregularly developed as far away as 450 feet; and
silicated limestone is found even farther from the contact. A contorted
septum of Mississippian limestone 600 to 800 feet thick, which has been
altered to tactite, separates the two stocks. The bedding in this septum is
nearly vertical, and it strikes nearly east-west, perpendicular to the
regional strike.

Two principal tactite zones are shown in Figure 3. The No. 1, or
Moody, zone is located along the west contact of the southern stock, The
Moody zone extends for about 6,200 feet along the contact and is 15 to 110
feet thick, averaging about 40 feet thick in the Lincoln mine. The zone
consists of bands of various forms of tactites. The second principal
tactite zone is less continuous, less productive and does not extend to
depth. The tactite is relatively uniform in grade through a vertical

range of 1,300 feet.
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MINE FACILITIES

Data for this section were extracted from EMJ (1974, 1977), Cobbs (1976),
and Tschanz (1970).

Tungsten mineralization was discovered in the district in 1916, but was
not exploited until the mid-1950's. The mining lasted only a few years
until 1957. Union Carbide became involved in the district in 1968, and
made the decision to reopen the mine in 1974. A 1,000 ton per day tumgsten
mining operation was begun in June 1977. Approximately 2 million pounds of
tungsten are produced annually.

The original Lincoln mine was developed by more than 20,000 feet of
underground workings on six levels, the 100, 200, 300, 500, 700 and 900
levels, with adits on the 100, 300, and 700 levels and an inclined shaft
from the surface to the 900 level. Mining was by shrinkage stopes. The
workings required little support.

Data on the current mining operation are sparse. It is assumed that
the Lincoln mine has been reopened and developed further. The new mine
is a combination of tracked and trackless mining, The volume of the mine
is at least 90 million cubic feet.

The distribution and amount of underground mine workings. in the intrusive
rocks are not known. However, the similarity between the Tem Piute district
and the Pine Creek mine suggest that there probably are some workings in

the intrusive.
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MOUNT HOPE AND SCRUB OAKS MINES
NEW JERSEY
(Halecrest Co., Inc.)

LOCATION AND ACCESSIBILITY

The Mount Hope and Scrub Oaks mines are located in Morris County,
New Jersey, in the Dover District, one of the oldest mining regions in the
United States. The district, in the New Jersey highlands, is 18 miles
long and 4-5 miles wide, and is within 30 miles of New York City. The
Mount Hope mine is at Mount Hope, 3 miles north of Dover; the Scrub Oaks
mine is 2 miles west of Dover. The approximate location is 40°54'N and
74°35'W (Figure 1).

The region has a good network of primary and secondary roads and all
areas arereadily accessible. (U.S. 46 and State 10 cross the district east
to west and U.S. 202 and 206 extend north to south. The town of Dover is on

both the Delaware, Lackwanna, and Western Railroad and the Central Railroad.)

GEOLOGIC SETTING

Regional Lithology

The geological setting of the Dover district was described by Sims (1558).

The district is part of the New England physiographic province. Topography
is controlled by the effects of stream erosion on bedrock structure and
lithology and consists of northeastward trending ridges separated by valleys
200 to 300 feet deep. Altitudes are 500 to 1100 feet. The Wisconsin glacial
terminal moraine crosses the central part of the district.

The bedrock consists of Precambrian metasedimentary rocks, migmatites, and
intrusive igneous rocks which are cut by small Triassic diabase dikes. In the

northwestern portion of the district the Precambrian rocks are disconformably
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overlain by steeply dipping early Paleozoic sedimentary rocks. Quaternary
surficial deposits covér the bedrock in a discontinuous and usually thin
“layer (Figure 2).

The oldest Precambrian metasedimentary rocks are widely distributed and
make up about 25 percent of the bedrock. They are high-grade metamorphics:
marble, pyroxene gneiss, skarn, amphibolite, biotite-quartz-feldspar gneiss,
oligoclase quartz-biotite gneiss, and related types. These rocks have been
isoclinally folded and intruded by igneous sheets and phacoliths. The
thickness and age sequence of the metasedimentary rocks is poorly understood
because of their complex structure and the abundance of younger igneous rocks.

The inferred age order (oldest to youngest) of the Precambrian intrusive
rocks is quartz diorite, albite oligoclase granite (alaskite), albite quartz
pegmatite, and hornblende granite plus related facies. A NW-SE traverse across
the Dover District, normal to the regional strike through the Mount Hope mine
area, intersects the following rock types: hornblende granite, quartz diorite
and related facies, oligoclase quartz-biotite gneiss, albite oligoclase granite,
hornblende granite, biotite quartz-feldspar gneiss, alaskite, hornblende
granite, alaskite, oligoclase quartz-biotite gneiss, alaskite, hornblende
granite (Simms, 1958). As can be noted from the presence of gneisses in the

district, the metamorphism is high grade.

REGIONAL STRUCTURE
Faulting

Northeast trending faults bound the Precambrian rocks and separate them
from Paleozoic and Mesozoic strata. The faults are considered to be Triassic
or younger. The Green Pond fault which separates Precambrian rocks from

Paleozoic rocks is the one large fault in the district. The smaller faults of
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the district, most exposed only in the mines, cause serious mining problems.
With reference to regional trends, smaller faults can be classified as
-transverse, longitudinal, and oblique. Transverse faults are high angle
gravity types striking northwest and dipping steeply southwest. The Mount
Hope fault, striking N78°W and dipping 80°SW, is in the mine area and is a
transverse fault. Longitudinal and oblique faults are reverse faults striking

northeastward and dipping moderately to steeply northwestward.

Folding and Foliation

In the Dover District, the Precambrian rocks trend northeast and dip
steeply southeast with considerable local variation. This pattern is produced
by northeastward-trending isoclinal and open folds and conformable granite
sheets on the fold limbs. The folds, ranging in width from a few feet to over
a mile, plunge to the northeast. This structural pattern was developed in
Proterozoic time with little subsequent deformation. The direction of principal
tectonic stress was to the northwest. Metasedimentary rocks formed parallel
layers or belts on fold limbs, foliation is parallel to the original bedding.
Igneous rocks were intruded later into the deformed country rock, accompanied
by development of skarns in pre-intrusive carbonate rocks. Dominant granitic
foliation developed before the final crystallization of the magma, and in
some places secondary foliation is superposed on the original foliation. All
rock types show very uniform lineation which is usually parallel to the fold

axes and plunges 17° N 52°E on the average.

MOUNT HOPE MINE GEOLOGIC SETTING
The Dover district contains 91 mines, 58 of which have produced iron

ore. Iron ore has been mined intermittently since the early 18th century.
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Many of the mines are abandoned now. There are seven ore belts in the
district. The Wharton ore belt contains most of the large mines, including
the Mount Hope and Scrub Oaks. This belt is 10 miles long and 900-3000 feet
wide. It extends from near Ironia to about 1 mile northeast of Mount Hope
Village.

The 300 year-old Mount Hope mine has workings in nine ore bodies. It
is said to be the oldest operating mine in the United States with production
back to 1710. It may have been worked as early as 1665. Surface and
underground mining were employed.

The bedrock at the Mount Hope mine consists of metasedimentary rock,
mixed metamorphic rocks, and granites. The most abundant metasediment-
ary rock, oligoclase-quartz-biotite gneiss, is exposed at the surface as
well as throughout most of the mine. Alaskite (albite-oligoclase granite) is
the most widespread rock type. The mine rocks are deformed into isoclinal
folds trendiﬁg and plunging northeast. The most prominent fold is the over-
turned Mount Hope syncline, illustrated in Figure 3. Oligoclase-quartz-biotite
gneiss comprises the limbs of the syncline and ore deposits occupy both limbs.
The axial trace trends N45°E and the axis plunges 12°-20°NE. The principal
fault associated with the mine is the transverse Mount Hope fault. Longitudinal
faults are common and cause serious mining problems, though they are not
continuous for long distances.

The Mount Hope iron ore deposits are of Precambrian age and occur in
various metasedimentary and igneous rocks. Massive magnetite ore (containing
35-60% iron) is found in most deposits. The ore occurs in belts or ranges
forming steeply dipping vein-type bodies essentially conforming to the
gneissic wall rock structure with strike and dip parallel to the foliation and
plunge parallel to the lineation. The important ore bodies are mostly lath

shaped.
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Principal iron ore bodies occur as metasomatic replacement in
(1) oligoclase-quartz-biotite gneiss, (2) hornblende skarn, (3) pyroxene
skarn, (4) albite-oligoclase-granite (alaskite), and (5) reconstituted
amphibolite and microantiperthite granite.

Low grade iron ores occur in amphibolite, interlayered
biotite-hornblende-pyroxene-feldspar gneiss and granite pegmatite. The
ore minerals in order of abundance are: magnetite, hematite, martite,
ilmenite, pyrite, pyrrhotite, and chalcopyrite.

The Mount Hope magnetite deposits occur as replacement bodies in gneiss

and hornblende skarn. Figure 4 illustrates some of the mine workings.

MOUNT HOPE MINE HYDROLOGY

Water inflow into the Mount Hope mine is approximately 350 gpm from
surface runoff and seepage from local lakes. There is no information as to
whether this included water introduced by mining operations (personal
communication). The Acres report (1975) indicates that the inflow into the
Mount Hope mine is 400 gpm above the 1700 foot level. Sims (1958) states
that the Mount Hope fault in the mine workings is a shattered brecciated zone.
This zone may produce water at a rate of several hundred gallons/minute when
the fault is intersected, but when the fault is tapped at lower levels, the

flow diminishes abruptly.

MOUNT HOPE MINE FACILITIES

The Mount Hope mine was owned, as of 1978, by Halecrest Company, Inc.
(Talmadge Road, Ehison, New Jersey). It is located in a rural hilly area on
a three square mile site. The mine had a number of different owners, and was

inactive from 1959-1977 (SRI - World Minerals Accessibility Report, 1976).
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The Mount Hope mine was considered by the Jersey Central Power and Light
Co. as a potential site for a pumped-storage hydroelectric facility. As
described by Richert (1974), a surface reservoir would be connected with
underground powerhouses and reservoirs which would be excavated from the
mine workings. The mine was reopened in October 1977 and closed in February
1978 because of a need for more capital. It is not known if it has reopened

again (Engineering and Mining Journal, 1978).

MOUNT HOPE MINE WORKINGS

The vertical three-compartment shaft is 2800 feet deep with levels at
1000, 1700, 2100, and 2500 feet. The 1000 foot level has road workings, the
1700 foot level extendsone mile south and one mile north of the shaft, the
2100 foot level is one mile long, and the 2500 foot level extends 3000 feet
to the northeast and southwest. Drifts and haulage ways are generally
9 x 11 feet with various larger stoped-out areas (Acres, 1975). Several types
of mining methods have been employed, in order of time: (1) open pit,
(2) underground open stopes (stull timbered) (3) shrinkage stoping,
and (4) sublevel stoping. The mine has been kept pumped out

(Acres, 1975).

MOUNT HOPE MINE EQUIPMENT

A 1ift and general utilities are available. The equipment is
moth-balled but sound (Acres, 1975, and personal communication).

At the time of closing 150‘men were employed (E/MJ, 1978).

Six thousand tons per day of ore were produced when the mine was in
operation. The available ore reserves proven are 5 x 10°® tons, probable
15 x 106 tons, and possible 30 x 10 tons. There is sufficient ore for

twenty years operation (E/MJ Directory, 1977-1978).
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SCRUB OAKS MINE GEOLOGIC SETTING

The Scrub Oaks mine, located 2 miles west of Dover,loperated
- intermittently from 1856-1950. The bedrock in the area is covered with up
to 40 feet of unconsolidateé’aebris. The principal rocks exposed in the mine
are alaskite, the host rock for the ore, and microantiperthite granite. The
average strike of foliation in the mine is N33°, dip is 50°SE. The lineation
plunges about 28°N, 52°E. It is thought that the mine is situated on an
isoclinal fold 1imb. Two transverse faults offset the ore body into three

segments. Figure 5 shows the faults and workings in the mine.

SCRUB OAKS MINE FACILITIES

The Scrub Oaks mine was owned by the Alan Wood Steel Company of
Conshohocken, Pennsylvania in 1975 (Acres, 1975). It has been shut down and
capped since May, 1966 and is probably flooded. A fault was encountered in
the shaft and blasting also created many fractures in the surrounding rock.
The mine workings (Figure 5) consist of a four-compartment inclined shaft 3000
feet long on a 55° dip, and six working levels 250 feet apart vertically. The
shaft is in country rock and 100 feet into the ore footwall and is connected
to the main haulage levels in the ore body footwall by cross cuts. Mining was
done by shrinkage stoping without timbering or filling (Sims, 1958). The
Acres report (1975), however, refers to mining by the longwall sublevel mining
method. The total crude ore mined between 1918 and 1950 was reported to be

10.5 x 10% long tons; in 1950, 6.3 x 10° tons were mined.
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QUESTA MOLYBDENUM MINE

{MOLYBDENUM CORPORATION (MOLYCORP))

LOCATION AND ACCESSIBILITY

The Questa Molybdenum Mine is located at 36°42'N, 105°30'W, on the
western slope of the Taos Range in the Sangre de Cristo Mountains of nor-
thern New Mexico (Figure 1). The underground mine is adjacent to a large
open pit operation, 6 miles east of the town of Questa in Taos County.
The altitude of the uppermost workings of the mine is nearly 8900 feet
above sea level. Both underground mine and open pit are owned and operated

by Molybdenum Corporation (Molycorp Inc.).
The mine portals range in altitude from 8000 to 9000 feet. The mill,

haulage adit, and dump are located along Red River Canyon, 5-6 miles east
of Questa. The adits of the older workings are along Sulphur Gulch, an
intermittent tributary of the Red River.

State Highway 38, a graded gravel road (in 1956), passes the mine and

camp and connects the mine to Questa and Red River.

GEOLOGIC SETTING

The geologic setting is illustrated in Figure 2 and has been described
in detail by Carpenter (1968), McKinley (1957), and Schilling (1960 and 1956).
A generalized stratigraphic section is shown in Figure 3. The Taos Range is
made up of Precambrian metamorphic and granitic rocks overlain by Tertiary
volcanics and late Paleozoic sediments. Tertiary granitic rocks, including the
ore bearing units, intrude the older rock and in turn are capped with Quaternary
gravels and alluvium. The ore body occurs in the Tertiary Sulphur Gulch soda
granite stock. Most of the veins are in contact, or close to the contact with
the granite and the veins roughly parallel the contact. The ore zone is over

1500 ft. long.
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LITHOLOGY

The Precambrian metamorphic rocks include amphibolites, schists, and

quartzites. The amphibolite complex covers large areas both east and west

~of the mine. A detailed geologic map and cross section, parallel to the

main haulage adit (Moly tunnel) is illustrated in Figure 4. For orientation
a cutaway diagram of the mine (as of 1956) is shown in Figure 5. The quartz
biotite schist of the amphibolite complex crops out in the main haulage adit
(Moly tunnel). These rocks are found also in the long crosscuts extending
south from the main drive of Z tunnel level. The rocks range from massive to
foliated, and can be separated into four varieties: (1) massive, coarse-
grained; (2) massive, medium-grained; (3) gneissic; and (4) coarse-grained
schist.

The Precambrian granite covers large areas in the vicinity of the
mine and is exposed along the main haulage adit. It has been divided by
Schilling (1956) into three varieties: (1) granite gneiss; (2) ‘gneissic
granite; and (3) massive granite. The granite intrudes the amphibolite
complex and meta-quartzite. It is overlain unconformably by Pennsylvanian-
Permian (?) sediments and a late Tertiary volcanic complex.

Pegmatites in dikelike bodies intrude the amphibolite complex,
meta-quartzite, and, less commonly, the Precambrian granite. Several diabase
dikes crop out in the vicinity of the mine. The largest dike strikes
generally N60°E, with a vertical dip and an average width of 25 ft.

A thick, complex sequence of Tertiary volcanic rocks crops out at all
levels in the mine. The volcanics, including andesite, quartz latite, and
rhyolite flows, breccias and tuffs, are almost completely altered in some
areas.

Late intrusives, ranging from monzonite to granite in composition and
plutonic to transitional in texture, crosscut the volcanic sequence. As an
illustration, the soda granite occurs in several areas near the mine (based

on observation at the surface and 7800 ft. level (Carpenter, 1968). One
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north-trending occurrence, the Sulphur Gulch Stock, covers an elliptical
area 0.7 x 15 miles. The top of the stock is domed with gentle dips;
its sides dip more steeply. The soda granite is inequigranular to porphy-
ritic at the.margins of the stock. Coarser inequigranular granite makes
up the core of the stocks. The pegmatitic and aplitic phases of soda
granite, in contrast, are in sharp contact with each other. However, these
phases make up less than 1% of the soda granite, by volume, and are not
significant in the mine workings.

The region is capped with Quaternary gravels and alluvium. Mud flows
have occurred in the Quaternary gravels and talus along many of the canyons
and are of special interest because of the damage they have caused to mine

facilities.

MINERALIZATION

The underground mine workings at Questa are in a group of molybdenite-
bearing veins. The ore occurs in the Sulphur Gulch soda granite at or near
the contact. Most veins parallel the contact and range from less than 1
inch to over 7 feet in thickness, and are largely qﬁartz and molybdenite.
The veins were deposited as fissure fillings, probably during the late Ter-

tiary and on the basis of their mineralogy are classified as mesothermal.

STRUCTURAL SETTING

The structure of the Taos Range of the Sangre de Cristo Mountains is
extremely complex. The mine is located in an east-west down-faulted zone
several miles wide, in which structural features combine to form a pattern
quite different from the rest of the range. This zone apparently has served

to localize the soda granite intrusives.
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The Taos Range has been uplifted and tilted eastward along a fault zone
paralleling the western edge of the range. The high angle Frontal fault
‘crosses east of the mine and has a total estimated displacement of 6000 ft.
(Schilling, 1956). Several high angle faults were noted underground. They
cut the soda granite and older rock and show horizontal displacements of a
few to tens of feet. Along the soda granite contact several post-soda gran-
ite dikes are intruded along these faults. Thrust faulting, though common
to the Taos Range, was not observed in the vicinity of the mine.

The Sulphur Gulch soda granite is extensively fractured. The fractur-
ing is roughly parallel to the contact and is called sheeting. It is con-
centrated in the outer 50 feet of the granite and commonly cuts across
irregularities. Some of the sheeting fractures curve toward the contact,
reversing in dip as they approach the contact. This sheeting apparently
was formed by the upward forcé of the intruding soda granite.

In the mine area, fracturing and faulting are irregular, except for the
regional east-west striking, vertically dipping fractures common to the
Taos Range.

Evidence of alteration at depth is found in the Moly tunnel. Here dis-
seminated pyrite occurs in Precambrian granite. Porphyritic alteration of
the rocks (indicated in Figure 4) surrounds the soda granite stocks and

decreases rapidly away from the granite.

HYDROLOGY

The mine is located at 8000-9000 ft. elevation in the Taos Range. The
water table is probably within a few tens of meters of the surface and the
mine workings would then be tens to hundreds of feet below the water table

and well within the saturated zone. Water from the levels above the
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haulage adit drains by gravity, while water from the workings below the

haulage adit drains into a sump at the bottom of the tunnel shaft and is

pumped out.

MINE CHARACTERISTICS

The mine has more than 35 miles of workings with a vertical extent of
1200 feet and is divided into three areas. They are Sulphur Gulch north
workings, Sulphur Gulch south workings, and Tunnel Shaft workings. The
Sulphur Gulch south workings are mined through adits. The Tunnel Shaft
workings are mined through a vertical winze and the Moly tunnel. The main
haulage adit (location shown in Figure 5, the geologic cross-section rough-
ly parallels adit) cuts across the Precambrian granite and amphibolite com-
plex, Tertiary volcanic rocks and the soda granite. The maximum depth of
workings is 1600 feet. The depth and extent of workings as reported in
1956 are shown in Figure 5. |

The mine is developed in an irregular pattern following the irregulari-
ty of the vein system. Adits, drifts, crosscuts, raises, and winzes occur
at intervals of 15-100 feet vertically. Machine mucking is used in all
easily accessible drifts. The rock, when granite, is moderately hard and
usually stands well without timbering; the altered volcanics are broken and
require timbering. Surface tracks extend from the adits to the mine ore

bins and dump.

MINE ACTIVITY
The Questa mine has been in almost continuous operation since 1920,
when the Molybdenum Corporation acquired the property. Total production

data are classified but production was estimated to exceed $10 million in
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1968 (Kottlowski, 1969). The production in 1965 was estimated at 20 mil-
lion 1b. (Schilling, 1965).

The Molybdenum Corporation received from the Defense Minerals Explora-
tion Administration an exploration contract for $255,250 in 1957, and the
Molybdenum Corporation was required to spend an equal amount (New Mexico
Bureau of Mines and Mineral Resources, 1977). An intensive exploration
program was carried out in 1957, including a geochemical survey, extension
of the lowest level in the mine, and core drilling both from the surface
and underground. Again in 1975-76, extensive exploration was undertaken.
Molybdenum Corporation joined in partnership with Kennecott and $5.7 mil-
lion was spent for exploration of the Goat Hill, Log Cabin, and Southwest
Zone ore bodies. Exploration included 130,000 feet of drilling (World Min-
ing, June 1977). The Goat Hill reserves are estimated at 140 million tons,
however, the known workings are located in altered volcanics, and two of
the three adits had caved prior to 1960 (Schilling, 1960). The Log Cabin
reserves are estimated at 50 million tons. The Log Cabin workings prior to
1960 (location shown in Figure 2) include an adit driven 750 feet into a
mountain with the last 500 feet in the soda granite (Schilling, 1960).
Details of the 1975-76 exploration were not available from the literature
for either location. No reserve estimates were given for the southwest
zone, nor was the location identifiable from the literature. Since recent
exploration has been undertaken in these areas, and the Log Cabin workings
are located in crystalline rock, this site may be a potential candidate.

In the summer of 1977, mud and rock slides closed the Molybdenum mine
(open pit?) for the rest of the year (Wall Street Journal, Friday, December
2, 1977), costing the corporation about one half year's production (1976

production at 11.5 million 1b.).
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In May 1979 Molybdenum Corporation initiated a $200 million project
Skillings Mining Review, May 5, 1979) to develop a large underground mine
to begin operation in 1983 at a rate of 18,000 tons/day. At approximately
the same time, 1983, the open pit operations would close. Preproduction
construction for the new underground workings include shaft sinking, out-
fitting, and underground development. A work force of 800 will sink a
24 ft. diameter service shaft along with a 14 ft. diameter ventilation
shaft (Engineering and Mining Journal, February 1979). The project is esti-
mated to produce 18-20 million pounds per year of molybdenum for at least
20 years. Block caving methods will be used to mine the ore. An electric
rail haulage system will tram ore to a decline and a conveyor will transport
it to the surface. No other mine activity or equipment information was

available from the literature.
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BALMAT-EDWARDS DISTRICT MINES
(St. Joseph Zinc Co.)

LOCATION

The Balmat-Edwards district is located in the northwestern portion
of the Adirondack Mountains in Lawrence County, upper New York State.
General coordinates are 44°15'N, 75°15'W. Within the district are
Sseveral zinc mines of interest: the Balmat #1,2,3, and 4; the Edwards;
and the Hyatt mines. These are located about 10 miles ESE of Gouverneur,
New York (Figure 1). The district extends for 10 miles from Sylvia

Lake and Balmat NE to Edwards.

GEOLOGIC SETTING

The district lies in the northeast striking belt of Grenville
lowlands mostly underlain by highly deformed Precambrian metasedimentary
rock. It is bounded on the northwest by undisturbed Paleozoic
sedimentary rock and on the southeast by igneous gneisses of the Adirondack
massif. The general trend of exposed formations, topography, and structure,
roughly NE-SW, is the same as that of the Grenville lowlands (Figure 2)
(Lea, 1968).

The Precambrian rocks in the region range from older quartzite,
quartz-biotite gneiss, and dolomitic marble to intrusive syenites and
granitic gneisses of the Adirondack massif, to younger Precambrian granite
gneisses. The ore bodies occur as replacements in the various types of
dolomitic marble as lenses, pods, and tabular bodies. They are of
Precambrian age. The ore minerals are sphalerite, pyrite, and galena,

with minor amounts of pyrrhotite and chalcopyrite.
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=

. {4\_ 2} <
N N

e

]

N

o

\

5

\

0

l....

Q)
% <
<

<

"N

S

T
~ -~ S
=N
105

£

-
~
~

\

\

)

v ' ]
N7,
; AV V" V
v VvV VWV VvV V Vv

AN VAN VAN VN ANV A V4
EXPLANATION

E==iPoleozdic Sedimentary Rocks | - Zinc—Pyrite Deposits
= Granitic gneisses ~—Talc—Tremalite

Granitic gneisses, meta— A Pyrite Deposits
544 sedjments & amphibolite ¥ Lead Fissure Veins

(Massif) . .
27l syenite & granite(Massin ’_.. Magnetite Deposits
z
EZAMetasedimentary rocks 2
(Massif) @
=] Largely Metagabbro 3
g ¢ 2 4 &
[JLargely Marble a miles
NNy Quertz-Biotite gneiss
Original work largely by Buddington,
Largel artzite Cushing, Leonord, Newlond,
E gely Quartzi — and Smyth ’

FIGURE 2.
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within the Northwestern Adirondacks, showing the distri-
bution of major rock types and mineral deposits.

(Lea, 1968)
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Structure

The structure of the northwestern Adirondacks has been divided by
Buddington (1962) into three major structural units. They are: (1) a
unit of mostly granitic gneiss and minor metasedimentary rocks in the
extreme northwest; (2) the Grenville lowland unit, a broad belt 25-30
miles wide composed of 70% metasedimentary rocks with minor granitic
intrusions, in the southeast; and (3) the main igneous complex southeast
of the lowlands.

The Grenville unit is considered by Engel and Engel (1958) to be anti-
clinorial. In the Balmat-Edwards area, the southeastern flank of the dom-
inant anticlinorium is overturned to the northwest. There were two major
Precambrian folding deformations in the area: (1) a primary one which
produced the regional northeast trend (fold axes) with a northwest dip and
(2) a secondary folding which produced crossfolds intersecting the regional
trend and plunging north to northwest. The ore bodies are located in the
complex folds (in overturned limbs of anticlines or synclines) developed
by the interaction of the two deformations, in competent and incompetent

beds (Buddington, 1962, Brown, 1956).

Metamorphism

The relatively high grade of metamorphism is indicated by the gneisses
and also by high-temperature features of the mineralization. The mineral-
ization is thought, however, to originally have been premetamorphic, and

later remobilized by the metamorphism.

Hydrology

No general information on the district water table and water regime

was found. However, an article in the Engineering and Mining Journal
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November 1976 states that all three of the mines in the Balmat area pro-
duce 750 gpm and that most mine water originates above the 1300 foot level
"underground. There is no information as to how much of this inflow is due
to mining activity. Lea, (1968) reports that there has been a water prob-
lem in the Balmat #3 mine becaus; of the location of an aquifer, the

Potsdam sandstone, above it.

MINE FACILITIES

The Balmat-Edwards district mines are owned and operated by St. Joseph
Zinc Co. (Oliver Plaza, Pittsburg, Pa. 15222) a subsidiary of St. Joseph
Mineral Corp. (250 Park Avenue, New York, 10017, 212/953-5000). Four mines
were actively in operation as of 1976 (E/MJ 1976); they were the Edwards
mine (Figures 3-5) (depth almost a mile down dip at an average 40° plunge),
Balmat #2 (at least 2300 feet), Balmat #3 (883 feet), and Balmat #4
(Figure 6) (2500 feet). Balmat #2 and 3 mines are connected to Balmat #4
and their ore along with that of #4 is hoisted through the #4 shaft. The
main Balmat ore bodies may be seen in Figure 6 in projection. The Edwards
mine was inoperative from June 1978 to at least the first quarter of 1979
because of a strike (St. Joseph Minerals Corp. 1978 Annual Report and
St. Joseph release 1979). CRIB (1977) reports that the Edwards mine would
be exhausted by 1980.

In 1977, 1.1945 x 106 tons (3982 tons/day) were mined (St. Joseph Min-
erals Corp. Annual Report 1977). As of 1971, the proven ore reserves were
5.4 x 106 tons. Therefore at the 1977 tonnage removal rate, the present
reserves will be depleted in about 3 years. It should be noted, however,
that the ore bodies are erratically located because of regional complex

folding and faulting.
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It is expected that more ore may be located in the future. Probable
reserves may be 8.4 x 106 tons as of 1976 (E/MJ 1976). Engineering and
Mining Journal (1976) reports that St. Joseph can be expected to be mining

the Balmat District until the end of this century.

MINE OPERATIONS

Slusher stopes to large room and pillar stoping are used because of
the complexity of.the ore body. Drifts which are arched may be in either
the footwall, hanging wall, or in ore, because of ore location variability.
Roof bolts are usually the only support necessary. They are 5/8 inch dia-
meter and 4-6 feet long with 6x6 inch plates on a 4x4 foot pattern. 1In
soft ground resin bolts are used. In fractured areas, chain link fence
and/or roof mats with bolts are needed. Trackless hauling is used with
battery locomotives, Plymouth 6-8‘ton diesel locomotives, and Sien 10 ton
trucks. Hoisting equipment for Balmat mines are for #2 - 8.5 ton hoist,

#3 ~ 3 ton hoist, #4 - 11 ton hoist. The latter can handle 287 tph. No. 4
shaft also has a 10 ton service hoist (E/MJ 1976).

The Edwards mine cross-section and plan views (Figures 4 and 5) show
that some workings extend into the gneissic rock. While the other mines
may also have such drifts into the gneiss, the maps available do not show
such workingé. The Hyatt mine, while of small production, is operating
and may be a prime candidate since, from MAS data (1978) gneiss and schist

lie over and under the ore.
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LYON MOUNTAIN DISTRICT

- LOCATION AND ACCESSIBILITY

The magnetite deposits of the Lyon Mountain district are located in far
northeastern New York State, at 44°44'N, 73°55'W, 25 miles slightly north
of west from Plattsburg and 145 miles slightly west of north from Albany.
Access is by State Highway 374, an all weather road. Two mines, the Cha-
teaugay, located in the village of Lyon Mountain, and the 81 mine, approx-

imately 1 mile NNE of Standish, have been worked in recent years (Figure 1).

GEOLOGIC SETTING
Lithology

The geologic setting of the Lyon Mountain district was described by
Postel (1952).

Four major ore bodies comprise the district: the 81, the Chateaugay,
the Parkhurst mines, and the Phillips vein, located in the southwest-northeast
trending Lyon Mountain ore belt (Figure 2). Most of the metamorphic and
igneous rocks of the district have gneissic structures as a result of fhe
Grenville metamorphic episode. The oldest rocks in the district are sedimen-
tary rocks of the Precambrian Grenville Series but these rocks do not occur
in the mineralized area. The oldest felsic igneous rock in the district is
the Hawkeye granite gneiss, outcropping 1 to 1.5 miles southeast of the ore belt;
its axis is oriented roughly parallel to the ore belt. A younger quartz
syenite gneiss crops out 10 miles south of the ore belt. The youngest rock
in the district is the Lyon Mountain granite gneiss which contains the ore
belt. Pegmatites are common in the district and are found in all mines.

Dikes of varying composition also transect the area and are all younger than
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Geologic map of the Lyon Mountain area, Clinton County,

New York, showing the location of the Chateaugay and 81 Mines.

(Postel, 1952)

FIGURE 2.
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the Lyon Mountain granite gneiss. Numerical rock ages do not appear in the
literature on the ore belt area or its surroundings. Metamorphism and
intrusive relationships suggest that the ore bodies developed at the time
of Grenville orogeny, about 1 million years ago (Ridge, 1972, Postel, 1952).
The presence of schist and gneiss indicates that metamorphism was medium to
high grade. The principal ore mineral is magnetite. The ore deposits
probably were formed by hydrothermal solutions derived from the granitic
magmas (Ridge, 1972).

The Precambrian rocks are encompassed in isoclinal, overturned, and
open folds. Generally, the folds plunge to the north or northeast but a few
also plunge to the south. Some synclines in the Lyon Mountain granite gneiss are
economically important because many of the district ore bodies are located in
their limbs. For example, the 81 mine ore body occurs in the 81 syncline
north of the town of Standish, and the ore in the Chateaugay mine in the
village of Lyon Mountain occupies two synclines, the east and west, which
are separated by an anticline.

Both large and small faults transect Clinton County. Small normal and
reverse faults with a few inches of displacement are noted in the ore district.
The evidence for the large faults, all normal, is based on the presence of
brecciation, discordant strike of gneisses, and topographic features. An
example is the Chazy Lake Fault which strikes NNW, east of Lyon Mountain.

In the Chateaugay mine two sets of faults are found. One set strikes east
while the other strikes northeast, both having vertical dips.

Foliation occurs in varying degrees in all Precambrian rocks in Clinton

County. 1In general, the direction of foliation is northeast, especially
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in the ore district areas. Lineation usually trends northward or a little
east of north with a moderate plunge in the same direction. This trend is
“usually close to the strike of the foliation plane in which the lineation

occurs (Postel, 1952).

MINE GEOLOGY - Chateaugay, 81, ané Parkhurst Mines

The ore at Chateaugay mine is a replacement of a pyroxene-contaminated
microcline-microperthite granite gneiss and plagioclase granite gneiss, and
occurs as cigar-like shoots in two synclinal structures which plunge in a
northeast direction. The ore bearing limbs strike N30°E and dip 60-65°NW. The
ore at the 81 mine replaces plagioclase granite gneiss, and occurs on the heel
and northwest limb of a syncline; the limb strikes N45°E. There is a small
anticlinal fold between the southeast limb at the 81 mine and the Chateaugay
mine. The host rock has a strong mineral lineation which plunges
20°NE. The ore body at the Parkhurst mine is reported to be walled by

schist (Postel, 1952).

FACILITIES

Very little information was found on facilities. The total ore output
from the Chateaugay mine in the period 1871-1948 was 15 x 10% long tons. In
1948, the output was 1.5 x 106 long tons. Postel states that the mine
geologist for Republic Steel Corporation at Lyon Mountain Village was planning
a detailed description of the Chateaugay and 81 mines which would undoubtedly
give pertinent information. The mine was still producing in 1956 (Minerals
Yearbook, 1956). The mine was permanently closed in 1967 (Minerals Yearbook,

1967) .
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The 81 mine was opened in 1840 but not mined continuously until
1848. It was shut down in 1902. 1In the late 1940's, Republic Steel Corp.
iﬁvestigated the deposit again and started production in 1948-1949. Contracts
were let to build a six-compartment vertical shaft to 2500 feet underground
(Skillings Mining Review, August 28, 1948).

There is no information on the Phillips' vein. It may never have been
mined. No further information has been found on the Parkhurst mine
other than the fact that it is flooded, and produced 4 x 10* tons of ore

between 1889 and 1892.
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HOMESTAKE MINE
LEAD, LAWRENCE COUNTY, SOUTH DAKOTA
(Homestake Mining Co.)

LOCATION AND ACCESSIBILITY

The Homestake mine is located at Lead (pronounced 'leed'), Lawrence
County, in the Black Hills of southwestern South Dakota at 44°15'N and
103°50"W.

Lead is 35 miles northwest of Rapid City, South Dakota from which it
is readily reached by Highways 90 and 14 (Figure 1).

The mine, which extends to a depth of 8000 ft., is the largest gold
producer in the western hemisphere and has operated almost continuously
since 1876. It produces native gold, with silver as a major accessory

metal and a small amount of copper (CRIB, 1974; E/MJ, 1976; Slaughter, 1968).

GEOLOGIC SETTING

The geologic setting of the Lead district is illustrated in Figure 2.
The Homestake mine is located in Precambrian schists, formerly mudstones
which, along with other rock types, were folded and intruded by igneous rocks
and then metamorphosed. The total thickness of the schists at Lead is about
2000 feet. Great compression of the schists resulted in a plastic rock flow
and the production of tightly closed isoclinal folds. Refolding and
deformation of the isoclinal folds resulted in the present configuration of
a complex synclinorium. Most metamorphism took place in the Precambrian
time during or following the first folding period. The metamorphosed rocks
were severely eroded and covered with Paleozoic and Mesozoic sediments. In
early Tertiary time large amounts of igneous rocks intruded this rock
sequence. The whole region was then uplifted and eroded so as to produce the

present surface (Slaughter, 1978; Nobel and Harder, 1948).
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FIGURE 2.

Geologic Map of the Lead District. The surrounding Cam-
brian Deadwood Formation is stippled. Tertiary intrusive
rocks are within the dotted outlines. Sills in the Cam-
brian strata, small dikes, and Tertiary gravel deposits
are omitted. The Precambrian Homestake Formation is

shown in solid black. The white areas within the stippled
areas are mine workings in the Cambrian rocks, both open
pit and underground. (Slaughter, 1968).
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Noble and Harder (1948) have established the following stratigraphic

column for this region:

Tertiary, Quaternary, and
Recent gravel deposits
(at least 90 ft.)

————————————— unconformity -------------
Tertiary intrusive rocks ~60x10% years

Cambrian Deadwood
Formation (300-500 ft.)

Precambrian intrusive
rocks

Precambrian sedimentary
rocks -

Grizzly Formation
(3000 ft. or more)

Flagrock Formation
(possibly 5000 ft.)

Precambrian

------------- unconformity ------------- Rocks

Northwestern Formation
(possibly 4000 ft.)

Ellison Formation
(3000-5000 ft.)

Homestake Formation
(200-300 ft.)

Poorman Formation
{(possibly more than
2000 ft.) 7/

A description of the rock units, from oldest to youngest, follows.
The oldest formation, the Pooerman, is mainly a gray phyllite, but

some parts of it are slaty and schistose. The Homestake Formation is a
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sideroplesite-quartz-cummingtonite schist, having a reddish to brownish

hue, sometimes green (due to chlorite). Small white quartz veins, and pods

- and seams of gray to white quartz are common. The Homestake ore bodies

occur in this formation. The Ellison Formation is composed of phyllites and
schists with large amounts of dark quartzite. The phyllites have a sandy
texture. Primary structural features such as bedding, cross-bedding, or other
types are not found. The Northwestern Formation is made up of phyllites,
schists, and a little slate. Most of this formation is also structureless.
The Flagrock Formation is composed of many rock types. The most abundant is

a light gray sericitic phyllite or schist. There are also soft sooty black
schists or phyllite with pyrite, quartzite, and sideroplesite schist (converted
to cummingtonite in some places). A fine grained sericitic gray to dark

gray phyllite is the common rock in the Grizzly Formation which also has very
few bedding structures.

The Precambrian intrusive rocks are amphibolites, thought to have
originally been gabbro. Above the unconformable contact with the Precambrian,
the Upper Cambrian Deadwood formation consists of a quartz pebble conglom-
erate which grades upward into a light brown quartzite, overlain in turn by
a brown sandy dolomite with thin partings of green shale. The remainder of
the Deadwood formation in the Lead District is thin-bedded green and gray
glauconitic shale with some beds of limestone and dolomite and some
intraformational limestone conglomerate.

The Tertiary intrusives are of granitic and syenitic composition and are
fairly abundant in the Lead district (Figures 2 and 3) (Slaughter, 1968;

Nobel and Harder, 1948).
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FIGURE 3. Precambrian geology in the vicinity of the Homestake Gold
Mine, Black Hills, South Dakota. (Hendrix, 1962, after
Noble, 1949).
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.
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METAMORPHISM

The Precambrian rocks in the Lead district have been progressively
- regionally metamorphosed. The degree of metamorphism increases from southwest
to northeast across the district (Figure 4), from a biotite zone representing
low to medium grade, to a garnet zone of middle to high grade, to a
high-grade staurolite-kyanite zone.

The ore bodies are found only in the biotite and garnet zones. The
carbonate, sideroplesite of the Homestake formation, is altered to cumming-
tonite (amphibole) on the garnet isograd. The cummingtonite isograd
determined by Nobel and Harder (1948) is very close to the garnet isograd.
There is also some evidence for retrogressive metamorphism, as shown by the
alteration of garnet to quartz-sericite and iron oxide, and of biotite to

sericite (Noble and Harder, 1948; Slaughter, 1968).

REGIONAL STRUCTURE

The Lead District is located in one of the roughly east-west oriented
domes of the northern Black Hills, whose dimensions are 10 x 12 miles. In
the center of the dome is the Cutting stock, a Tertiary granite porphyry,
which intruded the Precambrian and Paleozoic rocks. The Deadwood Formation
and other Paleozoic rocks have been domed and faulted by the Tertiary porphyry
intrusions. Dikes of the porphyry intruded along many of the faults. The
Precambrian rocks are not strongly faulted; the other deformations present
are most likely due to the Tertiary intrusions (Noble, Harder and Slaughter,
1949; Slaughter, 1968).

Th