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NOTE

STEWART GULCH (SEC. 7, T. 4 N., R. 3 E.) IS MISLABELED ON THE
U.S.G.S. 7 1/2 MIN, LEAD QUADRANGLE TOPOGRAPHIC SHEET, WHICH APPEARS
AS PLATE 5 IN THIS REPORT., STEWART GULCH IS THE NEXT UNNAMED GULCH
TO THE NORTH, ON THE LINE BETWEEN SECTIONS 6 AND 7 OF THE ABOVE TOWN-
SHIP. THE MISLABELED GULCH SHOULD BE THE NORTH FORK OF WHITETAIL
CREEK, THE CORRECT TERMS ARE USED IN THIS TEXT AND IN ALL EARLIER

LITERATURE ON THE RUBY BASIN DISTRICT.
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1. INTRODUCTION

The northern Black Hills of South Dakota has long been famous as a gold

.producing area. The colorful history of the early placer mines in Deadwood

Gulch and the extensive operations of the Homestake Mining Company in the
Precambrian rocks of the area are well known. 1In addition to these, however,
numerous Tertiary deposits of gold and silver were found in the Cambrian,
Ordovician and Mississippian sedimentary rocks which surround the Precambrian
window in the Lead-Deadwood area, With minor interruptions, these deposits
were mined continuously from 1877 o 1939, with a total production well in

excess of $75,000,000 in gold and silver.

1.1 Objectives

The present study has had two objectives. Tirst, to assemble the
pertinent literature, both published and unpublished, regarding ore deposits
in Paleozoic sedimentary rocks in the northern Black Hills, and second, to
conduct field investigations in selected areas.

In a sense, the first objective provides a supplement to the Black Hills
Mineral Atlas (U. S. Bureau of Mines I. C. 7688, referred to in other sectioms
of this report as "Atlas") which provides information on the location, history,
mining operations, production and references for most of the known ore deposits
in the area. However, geologic descriptions in the Atlas were limited to only
a few sentences for each deposit. This was sufficient for those deposits
about which little is known, but in general much more data was available than
could be included under such a restriction. Descriptions of properties not
mentioned in the Atlas have been included in this report and locations given
in the Atlas have been refined where possible. All known properties from which

ores of Tertiary age were produced and shown on Plate 1.



As a result of the literature study, it was decided that the Bald
Mountain, Ragged Top and Carbonate Mining Districts would be the most
fruitful areas for field study, and these areas were subsequently mapped

and a program of geochemical sampling conducted concurrently.

1.2 Location

The mining districts discussed in this report are all within an area of
about 125 square miles centered at the city of Lead, South Dakota (Fig. 1.
The mapped area (Plates 2, 3, 4, 5, 6) lies northwest and west of Lead, in
T. 5N., R, 2 E., and T. 4 N., R. 2 and 3 E,

Sedimentary rocks in the area are gently dipping except where affected
by the emplacement of younger intrusive rocks. The topographic relief is
nearly 3,000 feet, with flat upland areas and steep walled canyons which are
often separated by areas of moderate slope. The north-facing slopes and
flat areas are gemerally covered by demnse growths of pine or aspen while the
vegetation tends to decrease on the south-facing slopes. In areas where the
topographically high points are covered with intrusive rocks, the slopes are
obscured by heavy scree. Old mine dumps, townsites and railroad grades cover
many critical areas because these are obviously associated with the heavily .
mineralized zones,

Numerous county roads, logging trails, mine roads and railroad grades
provide access to these areas away from the paved highways which serve the

northern Black Hills.

1.3 Acknowledgments

Numerous graduate and undergraduate students of this institution

assisted in all phases of the project. During the summer of 1968 Mr. John
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K. Fisher led a fiéld party in the Citadel Rock area. Mr. Amos Lingard of
the South Dakota Mining and Engineering Experiment Station supervised the
»laboratory work during the summer of 1969.

Acknowledgments are due to several members of the U. S. Geological Survey,
especially to Mr, Richard W. Bayley who supervised the project and to Mr. A.
Maranzino énd Miss E. Martinez who gave valuable assistance in setting up
analytical procedures. The Homestake Mining Company and Anaconda Copper
Company kindly permitted the examination of cores from the Ruby Basin District

and publication of the logs.

1.4 Methods and Procedurés

Geologic mapping was done on the 7 1/2-minute Maurice, Savoy, Lead and
Spearfish topographic sheets, emlarged to a scale of one inch equals one
thousand feet.

A map of the Portland District on that scale has been done by Miller,
Harder, and Slaughter (in Miller, 1962) though not on a topographic base.
During the present project, the map was field checked and £0pographic control
was established, and that part of the map south and east of a line from the
head of Annie Creek to War Eagle Hill was used with only minor revisions.
The area north and wést of ‘that line was remapped and the mapping extended
to the Ragged Top and Carbonate Districts, The mapping credits are shown
in Figure 2.

Aerial photo coverage was used in the few areas where forest cover was
not too heavy. Five mining camps in the Ragged Top and Carbonate Districts
were mapped with plane table and alidade on a scale of one inch equals one

hundred feet.
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The intimate relationship between joints and ore shoots in the area

required that the major joint systems be identified. This was accomplished
‘by systematically measuring every joint in a single outcrop at each of
several localities. The joint strikes (dip of the joint planes were near
vertical in almost all cases) were then plotted separately for each locality.
The number of joints measured varied from 44 to 200 per outcrop.

The samples collected for the geochemical program during mapping were
primarily taken from prospect pits, mine dumps and workings, and scattered
outcrops which showed evidence of alteration. In addition, a few areas
were systematically sampled either on traverses across specific parts of the
sedimentary section, or on a series of grid points to sample a particular
area. The results of the analysis of samples taken in connection with the
mapping program or on a specific mining proﬁerty arc describad in the text.
Other results are given in Appendix VII,

Preparation and'analysis of the samples were done by following the
procedures given by Ward, et. al., (1963) for all elements other than gold.
The latter element was determined by the method given by Huffman, Mensik and
Riley (1967). All samples were analyzed for gold and silver, and determination
of arsenic aﬂd mercury was done in some cases. In a few instances, the
results of analysis by the above methods were checked by compariéon with the
results of fire assays on the same samples. The values generally were in
fair agreement. However, the persomnel employed in this phase of the work
changed several times during the course of the project and modifications
in equipment and procedures were occasionally introduced. For these reasons,
it is suggested that the results of the sampling project be accepted with the

. ‘ realization that some error, possibly as high as 50%, is present in some of

the results.



1.5 Previous Work

The most comprehensive study of the northern Black Hills mining districts
available is that of Irving (1904) who had the opportunity to examine the
area while many of the mines were still operating. Connolly (1927) examined
some of the properties which were still accessible, and made additional
contributiéns based upon analytical, petrographic and polished surface work
on materials which he collected and on those found in collections at this
institution. Miller (1962) presented a complete discussion of the geology
and operations of the Bald Mountain Mining Company, much of which was from
unpublished sources.

A program of sampling and chemical analysis of sediments from several
streams in the northern Black Hills was conducted under the sponsorship of
the South Dakota Industrial and Expansion Agency. The results were summarized
by Miller (1964). Lingard and Roberts (1969) presented the results of a

project sponsored by the U. S. Bureau of Mines, involving sampling and

chemical analysis of old mine dumps in the Black Hills. Included were dumps

in the Galena, Portland and Carbonate Mining Districté.

Mukherjee (1967, 1968a, 1968b) has investigated the porphyry goid'deposits
on Strawberry Cfeek, west of Galena, and Grunwald (Ph.D. thesis, South Dakota
School of Mines and Technology, in progress) is currently studying the
stratigraphy, structure, and mineral deposits of the Galena Mining District

under a National Science Foundation grant.



2. GENERAL GEOLOGY

2.1 Regional Setting

.2.11 Regional Structural Geology

Darton (1904) described the Black Hills Uplift as an " , . ., irregular
dome rising on the northern end of an anticlinal axis extending northward
from the Laramie or Front Range of the Rocky Mountains. It is elongated to
the south and northwest, has steep slopes on.the ;ides, is nearly flat omn
top and is subordinately fluted.'" Noble (1952; in Noble, Harder and Slaughter,
1949) recognized that the uplift is divided into twoblocks which are in con-
tact along a lineament which trends north from just east of Newcastle, Wyoming.
The eastern block is about 100 miles long and 50 miles wide, with its axis
trending north-south., The western block is about 100 miles long and 70 miles
wide and its axis trends northwest. The eastern block is uplifted relative
to the western block, These relationships are shown in Figure 3.

The lineament was studied in the vicinity of Newcastle, Wyoming by ﬁulf
(1955) who showed that it consists of a series of high-angle:faults, which
bass into monoclines along their strikes, Brobst and Epstein (1963) remapped
the area and named the structure the Fanny Peak Monoclinme. Shapiro (Ph.D.
thesis, University of Minnesota, in progress) mapped the lineament north for
about 40 miles from the northern limit of Wulf's mapping, and showed that
it passes into the igneous complex near Iron Creek Lake on the eastern
boundary of the Tinton Uplift. Regional structure contour maps (Dartom, 1904,
Dobbin & Others, 1957) clearly show that south of Newcastle, Wyoming the
Fanny Peak Monocline marks the eastern boundary of the Powder River Basin,
and can be traced as far south as the Hartville Uplift.

‘ 7 Just north of Iron Creek Lake, a monoclire striking northeast and dipping

northwest, was mapped by Shapiro (Ph.D. thesis, University of Minnesota, in
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progress), Additional mapping to the northeast for the present project
demonstrated that the strike’of the fold turns gradually from northeast to
,east at Spearfish Peak. The fold has not been mapped further east than this
point, but existing maps suggest that it bends to the southeast and forms
the structural front of the northern boundary of the eastern block. The
connection between the Fanny Peak and the second monocline seems probable

from the map pattern, but has not been demonstrated in the field.

2.12 Tertiary Intrusive Belt

Noble (1952) and Brown (1954) both noted the fact that the Tertiary
intrusive rocks in the northern Black Hills occur in a well-defined belt
which crosses the uplift in a N. 70°-75° W. direction. A "best fit" center
line for the belt is parallel to the Lake Basin Fault zone and is almost an
extension of the Nye-Bowler fault zone (see map in Stone, 1969). It would
also be parallel to and just south of the northern boundary of the eastern
block of the Black Hills Uplift. With the exception of a few isolated
-intrusive bodies, all of the Tertiary igneous rocks are found within 5 miles
of the center line of the belt.

Brown (1954) recognized four major centers of intrusive activity aligned
along the belt. These are: (1) at the eastern edge of the belt in the Rirk
Hill-Deadman Mouﬁtain-Vanocker Laccolith complex southeast ofVSturgis, South
Dakota; (2) the Lead-Deadwood dome which lies northwest of those two cities;
(3) the Tinton Uplift on the Wyoming-South Dakota boundary, and; (4) the Bear
Lodge Mountains north of Sundance, Wyoming. In addition, numerous small
igneous bodies are found outside of these centers and in no apparent associ-

ation with them,
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Only two of the centers, Tinton and Lead-Deadwood, have large areas of
Precambrian rocks exposed within them. Darton (1905) mapped small bodies
of granitic rocks which he considered to be of Precambrian age, surrounded
by Tertiary igneous rocks in the Bear Lodge Mountains. The area was later
restudied by Brown (1952) who considered these ''granites' to be metamorphosed

L.

sediments of the lower Deadwood formation.

2,13 Distribution of Mineralized Areas in Paleozoic Rocks of the Northern

Black Hills

Brown (1952) reviewed the economic geology of the Bear Lodge area and
noted that there is no record of gold production from that locality, nor any
indication that some might be forthcoming, although numerous claims have been
filed in the area. The same is true of the igneous center southeast of Sturgis.

Gold was produced from placer deposits in the creeks draining the Tinton
area as early as 1876, and cassiterite was soon identified in these deposits
(Smith and Page, 1941). The source of the tin was determined to be the
pegmatites of Precambrian age which are intruded into schists exposed in the
center of the Tinton Uplift, and production of tin began in 1903 and continued
intermittently until about 1941. Gold has been found in the Tinton District
in both Precambrian schists‘and Tertiary intrusives, and fairly extensive
underground workings were developed in the intrusive rocks of the Mineral Hill
area (Allsman, 1940) though there is no record of any resulting production of
gold. In addition, though numerous small prospects are present in the
Cambrian, Ordovician and Mississippian rocks surrounding the dome, there is
no indication of any production from these sources either.

The bulk of the Tertiary mineralization in the northern Black Hills is

concentrated around the Lead-Deadwood dome and in a zone that extends east



12

from the south end of the dome.to Galena, a distance of about six miles,
The relationship between the dome and the mining districts which surround
,it is clear, but thére is no deformation of the Cambrian-Precambrian contact
which suggests structural control on the distribution of the remaining deposits
(Plate 7, Fig. 4).
In thé present study, most of the work was concentrated along the west
flank of the Lead-Deadwood dome, although reconnaisance and some sampling

was done in all the other districts.
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. 2.2 STRATIGRAPHY

2,21 Introduction

Sedimentary rocks exposed in the Black Hills uplift range in age from
«Cambrian to Tertiary with only the Silurian unrepresented. Ore deposits of
Tertiary age occur in the northern Black Hills in rocks of Cambrian,
Ordovician and Mississippian age, and it is with these units that this report
is concernéd. The regional aspects of the pre-Pennsylvanian stratig;aphy of
the northern Black Hills have been reviewed by Mickelson and Kulik (1963),
and the reader is referred to that paper for more detailed information. The
discussion which follows applies only to the Paleozoic section around the
Precambrian window in the area of Lead and Deadwood. A generalized strati-

graphic column appears in Figure 5.

2.22 DNeaadunnd Farmarion,

The stratigraphy of the Deadwood formation in the Black Hills has
« recently been studied by Kulik (1962, 1963, 1965) and the following discussion
is based on these papers.

The Deadwood formation includes rocks ranging in age‘from Late Cambrian
to Early Ordovician. Its thickness on the outcrop in the study area varies
from about 350 feet at Galema to 429 feet at the type section nérth of Deadwood.
A drill hole at Dacy cut 426 feet of Deadwood. The formation can be sub-
divided into three members. The lower member includes a basal conglomerate
which varies in thickness from zero to 36 feet overlain by a buff sandstone
or quartzite about 25-30 feet thick. Beds of almost pure hematitic shale up

- to 25 feet thick have been observed below the conglomerate in drill cores from
south of the Ruby Basin. A few feet of green shale is found at this horizon

in the bed of Squaw Creek in SW 1/4 SW 1/4 sec. 22, T. 5 N., R. 2 E. The
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quartzite is followed by up to 50 feet of thin to medium bedded argillaceous
limestones, dolomitic limestones and limestone pebble conglomerates inter-
bedded with thin layers of shale.

The middle member consists largely of interbedded shale and limestone
pebble conglomerates, and is 156 feet thick at the type section. The
upper member is dominantly flaggy sandstones and limestones, limestone and
siltstone pebble conglomerates and a massive red sandstone. Its thickness

at the type section is about 160 feet. The Scolithus sandstone (Aladdin

formation of McCoy, 1962) is included in this member (Kulik, 1965).

2.23 Winnipeg Formation,

The Winnipeg formation disconformably overlies the Deadwood formation.
It is represented by two members which were described, named, and given
formation rank by McCoy (1962). However, more recent work (Carlsom, 1960;
Kulik, 1963) has reduced them to member status. The lower unit is the Ice
Box Member comnsisting of 25 to 60 feet of greenish gray silty shale. It is

of Middle Ordovician age, as demonstrated by the included microfauna (Furnish,

.et, al., 1960). Overlying the Ice Box is the Roughlock member, 25 to 50

feet in thickness. This unit ranges from a soft argillaceous siltstone, often
calcareous, to a clean white siltstone, and frequently to a hard graﬁﬁlar
quartzite, The siltstone facies is usually stained with diffusion banding of
reds and yellows'on the outcrop, but is pale green to white in subsurface.

The quartzite is generally white.

No fossils have been found in the Roughlock. The writers anticipate that
ultimately the.unit will be shown to be more closely related to the overlying
Whitewood than to the underlying shale. For furéher discussion of the Winnipeg
Group, the reader is referred to the review and summary By Carlson (1960), or

the thesis by Kulik (1965).
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2.24 Whitewood Formation,

The Whitewood formation of Late Ordovician age is equivalent to part
of the Red River formation of the Williston Basin, and the Bighorn formation
‘of Wyoming and Montana. Its thickness in the area ranges from 36 to 56
feet. The upper part is generally thick bedded to massive, but it becomes
more thin bedded, and often silty, near the base. The lower member is
gradational, with perhaps a slight break in sedimentation, with the under-
lying Roughlock member. On outcrops, the Whitewood consists of mottled buff
to red granular dolomite, and contains characteristic chain corals, straight
orthocone cephalopods, and a Maclurites-like gastropod.

Its potential as a host horizon for mineralization is discussed in the

section of this report concerning the Carbonate Mining District.

~
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The Englewood formation consists of 35 to 50 feet of pink to lavender
calcareous siltsone and slabby argillaceous carbonates. It grades conformably
into the overlying Pahasapa formation, but is disconformable with the White-
wood formation. A lower gray shale unit, present along Whitewood Creek below
the city of Deadwood, has not been recognized along Spearfish Canyon.

Although thie Englewood formation was deposited by a transgressive
Mississippian sea, Klapper and Furnish (1962, p. 2071) have pointed out that
the basal few feet contain conodonts which are regarded as of Late Devonian
age in Europe. On the basis of corals and brachiopods, Darton (1925) considered

the entire formation to be Lower Mississippian in age.

2.26 Pahasapa Formation.

The Pahasapa formation is a carbonate unit which averages between 500

and 600 feet in thickness over most of the northern Black Hills, It is a
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. major cliff forming unit and also forms a wide plateau along the western
border of the area. On the outcrop it is a crystalline carbonate, light
gray to buff in color with composition varying from pure limestone to pure
,dolomite including various combinations of the two. The lower contact is
conformable with the Englewood formation, while at the top, a red clay of
variable thickness, probably a fossil soil, occurs irregularly around the
area. There is also some evidence of the development of pre-Pennsylvanian
karst topography on the Mississippian surface. No Tertiary ore deposits are
known any higher in the section than the top of the Pahasapa, although there
is a potential host zone in the carbonate part of the lower Minnelusa formation

which immediately overlies the Pahasapa.

2,27 Minnelusa Formation.

The Minnelusa formation consists of three units. a lower red shale. a
middle section which is dominantly carbonates, and an upper, sandstone unit,
Only the basal shale unit has been seen in the mapped area east of Spearfish

Canyon. The entire formation reaches a total thickness of 500 feet in northern

-

Black Hills outcrops.
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2,3 Tertiary Igneous Rocks

‘2,31 Introduction

No comprehensive study of the petrology and petrography of the northern
Black Hillg Tertiary igneous province has been completed, and the profusion
of rock types described in the literature combined with the generally
inadequate locations given for the sample sites, make generalizations regarding
the intrusives difficult., Paige (in Darton and Paige, 1925) summarized the
results of earlier investigations with the observation that rhyolites, rhyolite
porphyry, monzonite and quartz monzonite porphyries comprise over 80% of the
igneous rocks in the province, while phonolite and grorudite contribute an
additional 6% each. He further notes that 'there is evidence that the
monzonites were the earliest intrusive rocks and that they were followed by
the rhyolite and quartz monzonite porphyries and these in turn by the
phonolites,"” and that no evidence is available regarding the grorudites and

rhyolite porphyries.

2.32 Age of the Igneous Rocks

The age of the intrusives has been determined, from geologic evidence,

to be pre-Oligocene but post-Cretaceous (Darton and Paige, 1925)., Drake (1967)



20

reviewed the available data and concluded that the intrusives are all of
Eocene age. Two radiocactive ages have been established for the Tertiary
‘igneous rocks, one from each end of the belt. At the east end, a K-Ar age
on hornblends from the intrusive at the Gilt Edge mine just north of Galena
gave 60.5+3 m.y. (Mukherjee, 1968). At the west end of the belt, a K-Ar age
on orthoclase from the phonolite mass of Devils Tower, Wyoming gave 40+47%
(Bassett, 1961), Comparison of these ages with the time scale of Kulp (1961)
shows that they bracket the Eocene. Earlier workers in this area usually
assumed that the period of igneous activity was of relatively short duration
(Brown, 1954, suggested one million years), and that all the Tertiary
porphyries were derived from a single parent magma. However, the time
boundaries established by the ages above casts serious doubt on the validity

of that assumption.

2,33 Mechanics of Intrusion and Geometry of the Ignecous Bodies

In general, the form of the individual igneous bodies is closely con-
trolled by the presence of planar elements in the cdﬁntry rock, represented
by nearly horizontal bedding planes and unconformities-in the sedimentary
section and near vertical foliation planes in the Precambrian schist.‘ Such
control is not absolute, however, because individual igneous bodies do change
position in the stratigraphic section by breaking out of the plane in which
they were initially emplaced and moving to one higher in the section.

Noble (1952) studied the mechanism of intrusion of the Tertiary igneous
rocks and concluded that forcible injection of the magma is the most likely
explanation. No contradictory evidence to this suggestion was discovered

during the present study, nor has any such evidence been presented in the
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literature since the time of Noble's publication. In general, there is
little evidence of magmatic stoping or of assimilation of country rock by
the magma (Fisher, 1969; Brown, 1952, 1954; Noble, 1952).

The general structural features and the controlling factors on the form
of the intrusives are probably very similar to those described by Hunt (1953)
and Pollard and Johnson (1969) from the Henry Mountains. Lack of good
outcrops, however, prohibited sufficient data to be gathered to completely
confirm this conclusion, but the similarity is certainly strong in view of
the available data.

Discussions of the foxm of the intrusives which appear in the literature
have, to some extent, become involved in unnecessary controversy which stem
from attempts to classify the intrusives. 1In particular, the fact that many
of the intrusive masses are small domes in various states of erosion has led
to disagreements with regard to whether these domes are stocks or laccoliths

in the sense of the definitions in the AGI Glossary. According to those

definitions, no igneous body intruded into the Precambrian schists can

possibly be a laccolith, because the foliations are vertical, hence a near-
horizontal floor for the intrusive seems highly unlikely. The central question
is thus whether.or not a particular intrusive body is a stock projecting up
from the Precambrian schists, a laccolith with a floor either in the Paléozoic
section or at the Cambrian-Precambrian contact, or finally, a bysmalith,
floored as a laccolith, but elongated vertically to give a stock-like aspect
to its form at the surface. Noble (1952, in Noble, Harder and Slaughter,
1949) suggests that most of the northern. Black Hills intrusives are stocks,
based on the study of the form of the igneous bodies exposed in the Lead-

Deadwood dome,
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Within the Lead-Deadwood dome, the Precambrian schists have been
intruded by numerous igneous bodies of Tertiary age which various authors
~have identified as stocks and dikes. The term 'dike" as used here is not
in accord with the definition given in the AGL Glossary which specifies that
a dike must cut across the structure of the adjacent rocks. However, it is
in accord with that given by Jagger (1900) whereby a dike is simply a tabular
body whose walls were closer to the vertical than the horizontal at the time
of intrusion. The usage of the term '"stock'" is the commonly accepted one of
an igneous body covering less than 40 square miles and having steeply dipping
sides. Noble (1952) referring to the northern Black Hills notes that " , . .

most stocks are made up of several intrusions of porphyry of different kinds

and parting screens of schist are fairly common.," According to H. D, Carlson

<
o

rh

(written comm., L

36) the largest of the stocks, the Cutting Stock, waich
occupies much of the exposed core of the Lead-Deadwood dome, is a multiple
intrusive gonsisting of at least four different igneous rock types. It is
evident from larger scale maps of the Lead-Deadwood dome (see, for example
Noble, 1952, Fig. 9) that the form of the stocks is dominated by linear
elements which reflect the geometry of the schists into which the magma was
intruded. The dikes vary widely in thickness and are found in pfofusion
throughout the exposed core of the dome. Irving (1899) counted 22 dikes
varying in thickness from 10 to 100 feet within ome mile along Deadwood Gulch,
west of the Cutting Stock. These were accompanied by "innumerable' smaller
dikes.

The uplift of the Lead-Deadwood dome has been attributed to the increase

in volume of the basement due to the emplacement of the Tertiary porphyries

. (Noble, in Noble, Harder and Slaughter, 1949), a conclusion which seems
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entirely reasonable in view of the lack of evidence of assimilation of the
schist by the intruding magma. In addition, this conclusion can probably
be extended to the Tinton Uplift as well, A rough estimate of the thickness
of porphyry dikes in the eastern part of that dome, taken from the map in
Smith énd Page (1941) shows that roughly 10% of the surface area within the
core of thé uplift, is occupied by porphyry, and the major intrusive center
within the uplift is west of the mapped area in the Welcome-Mineral Hill area.
If the 10% of surface area can be translated to an equal volume increase,
then, a degree of uplift certainly follows, The percentage of the core of
the Lead-Deadwood dome which is occupied by porphyry is probably closer to
30%, estimating from the 1:62,500 scale map in Darton and Paige (1925).
Noble further suggests that the smaller, outlying domes away from the intrusive
centers, such as Elkhorn Peak, Citadel Rock, Crow Peak and others, are similar
to the Lead-Deadwood dome in that the uplift is due to an increase in volume
of the Precambrian basement which in turn was brought about by the emplace=
ment of a stock. Fisher's (1969) study of the Citadel Rock area, however,
casts doubt upon this interpret%tion of the origin of the smaller domés.
Citadel'Rock is a mass of quartz monzonite porphyry intruded near the
base of the Deadwood formation, with part of the body crosscutting the
stratigraphic section up to the lower Minnelusa formation. The-floor of the:
intrusive is nowhere exposed so that direct evidence of the laccolithic or
stock character of the igneous body is not available. However, field studies
show that the attitude of the beds in the sedimentary section changes from
steeply dipping off the flanks of the intrusive to relatively flat in a very
short distance away from Citadel Rock. Further, a structure contour map of

the area shows no recognizable bulging of the Precambrian surface (Fisher,
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oral comm., 1968) showing that the volume of igneous rock intruded into the
basement is negligible, Other considerations, such as4the geometry of the
igneous mass, probable temperatures, volatile content, and viscosity of the
magma at the time of intrusion, and comparison with other areas (Hunt, 1953;
Mudge, 1968) led to the conclusion that the intrusive is probably floored,
and that the feeder was either a dike or pipe. The former alternative seems
more acceptable in view of the mapped geometry of the intrusive bodies at
the Tinton District five miles to the southwest (Smith and Page, 1941).
Within the area in which this study was concentrated, that is, on the
western flank of the Lead-Deadwood dome, the dominant form of the intrusive
bodies is the sill, They intruded primarily on the same preferred planes
of intrusion in the Paleozoic section as are recognized in other parts of
the northern Black [Iills. These are: (1) just below or above the basal
conglomerate or basal quartzite of the Deadwood formation; (2) in the shaly
middle member of the Deadwood; (3) just below the top of the Deadwood; (4)

in the Ice Box member of the Winnipeg formation; (5) just below or above the

Englewood formation and; (6) at the top of the Pahasapa formation. In

addition, any given sill can be expected to change its position in the
section by croséing to a higher horizon. This is particularly tfue in the
lower and middle members of the Deadwood formation where relatively thinA
layers of hard and soft material are interbedded. The total thickness of
the sills, and their distribution relative to the Lead-Deadwood dome can be
estimated from the structure contour maps (Plate 7).

"Individual sills range in thickness from a few inches to several hundred
feet and partings of sedimentary rocks up to several tens of feet thick, are
often found within the sills. In some cases these are badly distorted and

altered, but in others, neither of these effects is noticeable.
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Many of the sills end abruptly against the sedimentary rocks at vertical

contacts. In these cases, the stresses caused by the flexure of the beds

,over the leading edge of the advancing magma were relieved by movement on

vertical or near vertical fracture surfaces. The data available is insuf-
ficient to permit determination of whether the fractures were newly created
or whether the motion occurred on pre-existing joint planmes. There is some
indication that both types of surfaces were involved. Plate 8 shows measure-
ments of joints taken at several localities around the dome superimposed on

a tectonic map of the area. Some correspondence between the strike of the
offsets and the strike of the joint sets is apparent, but in other cases the
analogy fails,

The structures which result from the movements discussed above are small
bysmaliths, known locally as "porphyry oifsets'., Tihe lack of good outcrops,
coupled with the presence of these structures lead to uncertainties in mapping
as to whether a particular offset was due to faulting which cut the entire
section or to lifting of part of the section due to the emplécement of a sill
at depth. Where no certain evidence of faulting is available, these features
were recorded as offsets (Plate 8).

One igneous bod§ which provides examples of most of the strﬁctural
features associated with the sills is the large igneous mass which includes
War Eagle Hill (NE 1/4 sec. 34, T. 5 N., R. 2 E.), the area north of Crown
Hill (W 1/2 sec. 34, T, 5 N., R. 2 E,) as far as Squaw Creek and then west
to the porphyry-Pahasapa formation contact west of Redpath Creek (Plate 6,
cross-section C-C'), This intrusive mass separates the Deadwood formation
along three planes leaving the Deadwood only slightly altered at a few

localities, Dips within the Deadwood are generally low and nearly continuous
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between ridges. The porphyry-Pahasapa contact west of Redpath Creek is
vertical, and the cross-section shows that the entire section above the
‘Ice Box member of the Winnipeg formation has been raised at least 250 feet
and removed by erosion, The change from one horizon to another within the
Déadwood is clearly shown in the divide west of Labrador Gulch.

Crosscutting igneous bodies are also common in the area, both as dikes,

which tend to follow the joint directions, and as irregular masses. The

latter are more common in the Pahasapa formation than in other units.
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. 3. THE ORES

3.1 Ores of the Deadwood Formation

3.11 Basal Conglomerate (Cement Ore)

) The basal conglomerate of the Deadwood formation occurs as numerous
lenticular beds irregularly distributed along a belt about two miles wide
extending from the vicinity of Roubaix to Blacktail Gulch (Darton, 1909;
Kulik, 1965). In the area north of Lead along Blacktail Gulch the con-
glomerate is thickest in a zone parallel to the outcrop of the Homestake
formation, and ié is in this area that gold has been produced from this
horizom.

Lithologically the basal conglomerate of the Deadwood formation consists
of pebbles and small, rounded boulders of detrital material derived from the
underlying Precambrian rocks. The matrix is generally fine sand. 1In
unmineralized areas, the cement is usually silica, carbomate or, in a few
cases, hemati?e. Irving (1904) reports that in mineralized areas, weathered
conglomerate is cemented by limonite and where unweathered it is cemented by
pyrite, The physical appearance of the rock has caused it to be known locally
as ''cement rock'" and, where it is minecalized, as ''cement ore".. |

The cement ore mines have been closed since shortly after 1900, and the
only publications by investigators who had the opportunity to study the
deposits are>those of Devereux (1882) and Irving (1904). Iheir work was
reviewed and summarized in some detail by Connolly (1927). Noble (1950)
reported his opinion of the origin of these deposits after the Homestake
Mining Company reopened all the portals to the mines so that the deposits
could be re-examined. A brief summary of the results of all these investi-
gations is given below,

‘ Irving and Devereux agree that much of the gold in the cement ores is

detrital, weathered from the outcrop of the Homestake formation which,
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because of the pinch out of the conglomerate, is taken as having formed a

local high on the sub-Cambrian surface. Irving (1904, p. 101) describes the
gold as being ', . . a mechanical deposit of water-worn scales and ''shot"

gold, richer near the base of the conglomerates . . . " and occurring in

"pay streaks' as if concentrated along channels by currents. The gold inm

these deposits is much coarser and lower in silver content than that of either
the Homestake lode or the proven Tertiary ores which occur higher in the
section. According to Irving (1904, p. 102) and Connolly (1927, p. 57) the

low silver content is due to solution of the silver in the water of the Cambrian
sea. Enrichment of the lower part of the conglomerate is attributed to
settling of the gold particles under gravity and by solution and redeposition
of gold by descending water at some unspecified time after mechanical depo-
sition. Evidence for the latter point is provided by the occurrence of gold
values in the top few feet of the Precambrian rocks underlying the conglomerarte
which are attributed to downward migration of dissolved gold from the con-
glomerate (Irving, 1904, p. 110).

It is concluded by the above authors that some gold was added to the
conglomerate with the emplacemenﬁ of the pyrite during the period of Tertiéry
igneous activity and that some solution and reprecipitation of detrital gold
ma§ have occu;red in this period by the action of the mineralizing solutionms.

Noble (1950) disagrees with the interpretation offered abové. Referring:
to his investigation of the deposits he states (p. 246):

"This study casts so much doubt on the placer origin that this

line of evidence can have little weight. The mineable portions

of the deposits are the oxidized portions of leaner pyritic

replacements of the conglomerate, and the space distribution of

the gold which originally suggested a placer origin is probably

attributable to a small amount of solution and redeposition of

gold during oxidation. These pyritic replacements are identical

with the pyritic replacements of Cambrian dolomite in the Tertiary
ores of the Bald Mountain district, a few miles to the west."
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This summarizes the current state of knowledge regarding the origin
and nature of the ores of the basal conglomerates in the Lead-Blacktail
Gulch area. It seems unlikely that any new data bearing on this problem

vwill be forthcoming in the immediate future.

Prospects for the development of new deposits of gold in the basal
conglomerate seem remote at the present time, The limited thickness and
areal exteﬁt of this horizon makes it improbable that it has not been
extensively prospected in past years. According to Allsman (1940, p. 23)
the area north of Blacktail Gulch, where the basal conglomerate dips north
under younger rocks, appears to offer the best opportunity for lccating new
deposits. Mining operations were less extensive in this locality than in
others around the area, and water problems were encountered in many mines

which further limited exploitation.

3.12 Gold-Silver Replacement Deposits.

Gold-silver deposits occur in several zones in the Deadwood formation
above the basal conglomerate, They are replacement deposits in dolomitic
horizons localized by high-angle fractures which provided access for the ore
forming solutioms. Most of the deposits which have been discovered thus far
are in one of two zomes: the 'lower contact' zone or the 'upper contact"

. zone. The first use of these terms was by Crosby (1888) and referred spe-
cifically to the Ruby Basin District where numerous deposits were found above
and below the Sugarloaf sill ( see p. 53). The terms indicated whether the
deposit was at the upper or lower contact of the sill. Later usage of the
terms describes the position of the deposits in the upper or lower parts of
the Deadwood formation as described belew., Under this usage, all of the

mines in contact with the sill are in the lower contact zone,
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Tﬁe lower comtact zone rests directly on the basal quartzite, while
the upper contact zone is about 15 feet below the Scolithus sandstone,
roughly 350 feet stratigraphically above the lower contact zone. Both zones
consists of interbedded layers of pure to sandy dolomite and impervious
shales. The thickness of the lower. contact zone ranges from 6 to 30 feet,
while the upper contact zone is generally about 10 feet thick. The ratio of
dolomitic fo shaly beds in the two zones varies throughout the region, because
the dolomites tend to occur as lenticular beds of variable thickness rather
than as continuous sheets. This also leads to variations in the position of
the ore within the zones. In some of the lower contact mines the ore rests
directly on the basal quartzite, while in others the ore is separated from the
quartzite by several feet of shale.

The host beds consist of interlocking masses of anhedral, or euhedral
dolomite crystals with variable amcunts of detrital quartz. Glauconite is
a common constituent of the rock, although it is usually present in only small

amounts. In general, anhedral dolomite is more common in the lower contact

zone and the euhedral variety on the upper contact zone. However, both types

occur in each zone and grade into each other.

Mineable ore bodies have been discovered in two other zones in the Dead-
wood formation.' These are the basal quartzite and the "intermediate zone',
The latter is a series of thin-bedded dolomites, dolomitic shales and flaf-
pebble conglomerates capped by a coarse-grained, glauconitic, massive quartzite
known locally as the "Finlander'. The zone ranges in thickness from 50 to
150 feet, and occurs just below the upper contact zone,

The ore bodies of the basal quartzite were generally of irregular shape,
varying from 20 to 500 feet in length, 6 to 40 feet in width and from 2 to 30

feet in thickness. The deposits formed as the result of replacement of
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. carbonéte cement in the quartzite by silica, pyrite and argentiferous galena.
The latter was most common near the top of the quartzite, occurring in
pockets and filling pore spaces. At the top of the quartzite, a yellow clay
.was often found which was similar to the 'carbonate ore' of the Galena
District. Assays of this material often showed values of up to 30 ounces of
gold and 500 ounces of silver per tom, as well as high values of lead (Miller,
1962, p. 2§). All of the ores from the basal quartzite were rich in silver,
and large quantities of the ore were mined ipn the lower Clinton mine of the
Portland District, and from the Alpha Plutus and Tornado mines of the Ruby
Basin District. Examination of workings suggest that much of the ore mined
from the Stewart and Golden Reward was also from this zomne.

The ore bodies of the lower contact, intermediate, and upper contact
zones are similar in many respects. Most were long, relatively narrow shoots
ranging in length from a few feet to almost 5000 feet, in width up to 300
feet, and in thickness up to about 20 feet. The shoots of the lower contact
zone were generally longer than those of the other zones, while those of the
intermediate zone were often much thicker than the average.

The ores can be divided into two obvious catagories: wunweathered or
"primary" ores and weathered or 'secondary' ores. By far, the most conspicuous
of the primary ores were the "blue ores'", described by Miller (1962, pp. 34-
35) as: |

"It is highly siliceous, dense and hard, blue to blue gray in

color. Pyrite is abundant and the ore is highly refractory.

Many drusy cavities are seen which are lined with minute, euhedral
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