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GEOLOGY AND ORE DEPOSITS OF THE GARFIELDi QUADRANGLE, COLORADO 

BY McCLELLAND G. DINGS and CHARLES S. RoBINSON 

ABSTRACT 

The Garfield quadrangle, the area of this report, is a rugged 
and mountainous region in the Sawatch Range of Chaffee and 
Gunnison Counties, Colo. Erosional and depositional features 
of alpine glaciers, such as U-shaped valleys, cirques, serrated 
ridges, moraines, and lake basins, are the conspicuous elements 
of the topography. Altitudes range from 9,000 to 14,100 feet. 

The units mapped in the quadrangle may be grouped accord
ing to age and type into pre-Cambrian metamorphic and in
trusive rocks, sedimentary rocks of Paleozoic and Mesozoic age, 
intrusive and extrusive rocks of Tertiary age, and Quaternary 
surficial deposits. 

The rocks of pre-Cambrian age are exposed in the southern, 
central-western, and northwestern parts of the quadrangle and 
include quartz-mica schist, quartz-hornblende schist, quartz
hornblende gneiss, granite gneiss, and, intrusive into these, 
gneissic granite, hornblende diorite, Pikes Peak granite, and 
a g.ranite tentatively cOL-related with the Silver Plume granite. 
The older schists and gneisses are in large part metamorphosed 
sedimentary rocks, and the granite gneiss is principally an in
jection gneiss and migmatite formed by geanitic intrusion and 
replacement of the older schists and gneisses. 

Sedimentary rocks of Paleozoic age occur in several areas in 
the southern and western parts of the quadrangle. Most areas 
are remnants of eroded synclines or down-faulted blocks and 
some are masses partly or completely surrounded by younger 
intrusive bodies. The Paleozoic formations comprise the 
Sawatch quartzite (Upper Cambrian), Manitou dolomite (Low
er Ordovician), Harding quartzite (Middle Ordovician) , Fre
mont dolomite (Middle and Upper Ordovician), Chaffee forma
tion (Upper Devonian), Leadville limestone (Mississippian), 
Belden shale (Pennsylvanian), and the Minturn formation 
(Pennsylvanian and probably Permian). The Pennsylvanian 
ami Permian (?) rocks account for about 5,100 feet of the maxi
mum thickness of about 6,300 feet of Paleozoic rocks. Sedimen
tary rocks of Mesozoic age are restricted to a few square miles 
in the extreme southwest corner of the quadrangle where they 
form the northeast limb of a syncline. The Morrison forma
tion (Upper .Jurassic) rests on .rocks of pre-Cambrian age and 
is overlain successively by the Dakota sandstone (Lower and 
Upper Cretaceous), and the lower part of the Mancos shale 
(Upper Cretaceous). Total thickness of the Mesozoic rocks is 
about 700 to 800 feet. 

A great succession of intrusive rocks, probably of early Ter
tiary age, occupies a large part of the quadrangle. These 
rocks form chonoliths, stocks, sills, dikes, and one small batho
lith : the Mount Princeton batholith. The relative ages of most 
of these intruded bodies are clearly shown by crosscutting re
lations, by inclusions of one rock in another, or by relations to 
periods of faulting. Fourteen major varieties of intrusive rocks 
are recognized. Chronologically, these are: (1) quartz diorite 
porphyry, (2) Tincup quartz monzonite porphyry (new name), 
(8) rhyolite, (4) quartz diorite, (5) gneissic quartz monzonite, 

(6) Mount Pomeroy quartz monzonite, (7) andesite, (8) Mount 
Princeton quartz monzonite, (9) monzonitic and latitic d'"fes, 
(10) rhyolitic cUkes, (11) kersantite dikes, (12) Mount Art.ero 
granite (new name), (13) quartz latite porphyry, and (14) 
Mount Aetna quartz monzonite porphyry. The rocks of most 
of the intrusive bodies show marked differences in phy;~i,cal 

appearance, which generally are much greater than their dif
ferences in composition. Excluding the dike rocks, the nine 
oldest intrusive rocks fall into three series, when consid~red 
in order of age, and each series shows a progressive change 
in rock composition f.rom early basic or intermediate to later 
more acidic. The main period of intrusive activity probabl;,. ex
tended from the Paleocene into the Oligocene epochs. 

Volcanism, later than the intrusive activity, produced breccias, 
flows, and tuffs. Rhyolitic. breccias and flows locally res~ on 
eroded surfaces of the Mount Aetna porphyry. They were prob
ably formed during the Miocene epoch, which was characterized 
in southwestern Colorado by the extrusion of breccias and fl')WS. 
The northern edge of a large area of fossiliferous water-laid tuff 
of probable Pliocene age is preserved at the southern bordE'l' of 
the quadrangle. 

The Quaternary deposits consist of glacial moraine, glacio~ 
fluvial deposits, landslides, talus, and alluvium. Glacial moraine 
is widespread, and the floors and lower slopes of almost e"'l'ery 
major valley are at least partly covered by it, although the de~ 
posits rarely exceed 20 feet in thickness. Most are ground 
moraine ; the large glaciers terminated beyond the borders of 
the quadrangle. Glaciofluvial deposits are also widespread, but 
the only two large areas of this material border West Willow 
Creek and South Arkansas River. Three fairly large areas of 
landslide, with typical hummocky surfaces, are in the mapped 
area; the largest of these is in Tomichi Creek valley. Talus is 
present on many of the steep slopes. Alluvial deposits are lim· 
ited to small strips along a few of the larger streams. 

The dominant structure of the rocks of the quadrangle is 
moderately complex with folds, faults, and fractures of diverse 
trends. The dominant structure is a reverse fault (Tin~up· 

Morning Glim fault) of large displacement that trends northwest 
diagonally across the quadrangle for a distance of abou~ 17 
miles. Deformation occurred during pre-Cambrian, late Creta~ 
ceous or early Paleocene (Laramide orogeny), and early(?) 
Tertiary time. Structures formed in the ancient schists and 
gneisses during the pre-Cambrian consist chiefly of northvrest
trending open folds, except in the southeastern part of the 
quadrangle near the main mass of Tertiary intrusive r,1cks 
where the foliation of the metamorphic rocks has a dominant 
north to northeast trend. The major structures in the sedii"'~en~ 
tary rocks are chiefly northwest-trending folds and faults that 
formed during the Laramide orogeny. These structures are evi· 
dent even though the sedimentary rocks were invaded by large 
intrusive bodies and have been eroded to a series of dis~on· 
tinuous patches, preserved chiefly in synclines and down-faulted 
blocks. The folds are mainly broad and gently north-plunging 
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structures. The two major faulted structures are an east· 
trending graben (Quartz Creek graben) in the western part of 
the quadrangle, and a northwest~trending thrust fault (Tincup
Morning Glim fault) that extends diagonally across the quad
rangle and has a probable maximum dip slip displacement of 
several miles. Faults of this Laramide orogeny locally influ· 
enced the intrusion of the Tertiary bodies and, above all, locally 
formed channels into which economically important ores were 
deposited, such as the Madonna ore body along the Madonna 
fault and the Akron ore body along the Star fault. The 
early(?) Tertiary deformation produced a series of dominantly 
north to northeast-trending fractures. Many of the fractures 
were later filled by vein material and dikes, especially those in 
the eastern part of the Mount Princeton batholith. 

Contact metamorphism of the Paleozoic sedimentary rocks oc
curred around the borders of the Mount Princeton batholith. 
The most pronounced effect of this metamorphism is a recrystal
lization to marble of limestone and dolomite beds that lie with
in half a mile of the batholith. In the Taylor Gulch area, how· 
ever, the recrystallization extends as far as 1¥2 miles from the 
outcrop of the batholith. Near the batholith all sandstone beds 
have been changed to quartzite, and the impure limy and dolo· 
mitic beds typically contain epidote, garnet, and diopside, and 
locally pass into hornfels. The limy beds of the Belden and 
Minturn formations are, on the whole, less metamorphosed 
than the older limy beds. 

Included within the Garfield quadrangle are part or all of the 
Tincup, Tomichi, Monarch, Chalk Creek, and Quartz Creek min
ing districts. Mining operations began about 1860 when a few 
small placer deposits yielded gold, but the greatest period of ac
tivity occurred between 1880 and 1893 when oxidized ore bodies, 
some rich in silver and lead, were mined. A second period of 
activity occurred from 1905 to 1920 when the Mary Murphy group 
of mines yielded much gold. The production from 1860 to 1950 
has an estimated value of $30,000,000. The principal metals pro
duced are gold, silver, lead, zinc, and copper, probably in this 
order of relative values, although copper is far below any of the 
others in total value. Very minor amounts of tungsten and 
molybdenum ore have been produced. The three most produc
tive mines are the Mary Murphy in the Chalk Creek district, 
the Madonna in the Monarch district, and the Gold Cup in 
the Tincup district. 

Some nonmetallic products have been mined in the quad
rangle. The most economically important of these is a pure 
limestone (Leadville limestone) that is obtained chiefly from 
a quarry at Monarch. A small quantity of marble has been 
produced from a quarry in Taylor Gulch in the Monarch dis
trict, and a small tonnage of amorphous graphite was shipped 
from two mines in Graphite Basin during the First World 
War. 

The ore deposits in the Garfield quadrangle, comprising re
placement bodies in sedimentary rocks and fissure veins, are 
believed to have been deposited during three separate periods 
of ore deposition. The first period of ore deposition was re
lated to the Mount Princeton batholith and deposited the re
placement bodies, hubnerite-molybdenite veins, and most of 
the pyritic quartz veins found in the quadrangle. The second 
period of ore deposition, represented by quartz-beryl-pyrite 
veins, was related to the Mount Antero stock. The third 
period was related to volcanism associated with the volcanic 
breccias, and the principal deposits formed at this time were 
quartz-fluorite veins and a few pyritic quartz veins. 

The replaeement deposit~ are chiefly in the limestone and 
dolomite beds of Paleozoic age, whose structure and stratig-

raphy have been important in localizing ore bodi~s. 'I'he 
Manitou dolomite and beds in the upper part of the Leadville 
limestone were especially favorable host rocks. The largest and 
richest replacement deposits are in these favorable strati
graphic zones along premineral faults. Small faults, particu- · 
larly bedding slips along favorable zones, localized many of 
the smaller ore bodies. Minor concentrations · of o:--e occur 
along the axes of small folds. 

The veins are separated on the basis of the most cb::oracter
istic minerals into the following groups: pyritic quartz, hub
nerite-molybdenite, quartz-fluorite, and quartz-beryl-pyrite. Of 
the various types of veins, the pyritic quartz veins are the most 
abundant and widely distributed, as well as the most economi
cally important. These veins are chietly in fissure~ in the 
:Mount Princeton quartz monzonite in a conspicuous zone that 
extends from upper Tomichi Creek valley northeast ~.lmost to 
the corner of the quadrangle. Most of the pyritic quartz veins 
strike N. to N. 35° E., and the majority dip west or north
west at 50° to 90°. They range from stringers a few feet 
long and a fraction of an inch thick to strong vein~ a mile 
long and 10 feet thick, although the largest number on which 
substantial prospecting has been done are 500 to 1,000 feet 
long and 1 to 3 feet thick. The hubnerite-molybdenite veins 
are relatively short and narrow and are restricted to a few 
square miles in the northwestern part of the quadrangle. The 
quartz-fluorite veins are chiefly concentrated in the Brittle 
Silver Basin area in the northern part of the Tomichi district. 
The quartz-beryl-pyrite veins are the least numeror.;; of all 
the veins and are localized near the Mount Antero stock at 
the east-central border of the quadrangle. 

The mineralogy of the pyritic quartz veins is quite similar 
to that of the replacement deposits, with the exception that 
quartz is the principal gangue mineral of the pyritic quartz 
veins and limestone and dolomite of the replacement deposits. 
Oxidized and primary sulfide ore occurs in both the replacement 
and pyritic quartz veins. The chief primary sulfide ore min
erals are silver-bearing galena, gold-bearing pyrite, sphalerite, 
and chalcopyrite. Cerussite, smithsonite, gold, silver, cerargy
rite, calamine, anglesite, and secondary copper minerals are 
the chief ore minerals of the oxidized zone. 

The estimated $30,000,000 production from the quad~angle is 
believed to have been about equally divided betweeP the re
placement deposits and the pyritic quartz veins. Nearly all of 
the output from the pyritic quartz veins is from a few veins on 
the Mary Murphy group of claims in the Chalk Creek district. 

INTRODUCTION 

Locatio·n a11d accessibility.-The Garfield quadrangle, 
covering about 233 square miles, is in the E~watch 
Range, in Chaffee and Gunnison Counties, west-central 
Colorado, about 20 miles west of Salida and £5 n1iles 
east of Gunnison (fig. 1). The quadrangle lies between 
longitude 106° 15' and 106° 30' W., and latitudE:, 38° 30' 
and 38° 45' N., and includes parts of the Gunni~on and 
San Isabel National Forests. 

The nearest railroad station on a standard gauge rail
road is at Sa1ida on the Royal Gorge route of the Den
ver and Rio Grande Western Railroad. A narrow 
gauge branch line of the sa1ne railroad extends from 
Salida to the limestone quarry of the Colorado Fuel 
and Iron Corporation at Monarch, in the soutl' o.astern 



INTRODUCTION 3 

4[1 

r-----
1 
I 

104° 

1 
___ _j 

I I ___ l __ _} 
I I 
I I 

FIGuRE 1.-lndex map of Colorado showing location of the Garfield quadrangle. 

part of the quadrangle. The only paved road is U.S. 
Highway 50 which traverses the southeastern corner of 
the quadrangle for a distance of about 8 Iniles. Agate 
Pass in the Continental Divide is crossed by this high
way a few thousand feet south of the quadrangle bound
ary. This pass is popularly known as Monarch Pass, 
but Monarch Pass lies several thousand feet west of 
Agate Pass on Colorado State Highway 328 which 
traverses or closely parallels the southwestern border 
of the quadrangle. A road from Sargents, 6 miles 
south of the quadrangle, to Whitepine crosses Highway 
328 in Tomichi Creek valley about half a 1nile south of 
the quadrangle. In the. west, State Highway 162 enters 
the quadrangle about 1 1nile northeast of Pitkin and 
leads up North Quartz Creek, over Cumberland Pass 
(altitude 12,015 feet), and clown West vVillow Creek 
valley to Tincup, which lies 0.2 1nile north ·of the Gar
field quadrangle. In the northeast, an improved road 
from Nathrop, on U. S. Highway 285 in the Arkansas 
River valley, enters the quadrangle in Chalk Creek 
valley and leads west to St. Elmo and thence south 
nearly to Hancock Lake. Old mine roads, many now 
no more than trails, follow 1nany of the larger strean1 
valleys. Trails lead frmn many of the roads, but sev
eral large are.as are without roads or trails. 

383972-57--2 

The only towns with permanent residents are Gar
field, Monarch, St. Elmo, and Whitepine. In 1951 the 
permanent population of the first three averaged less 
than 20 for each town and the population of White:nine 
has varied frmn about 25 to 150 within the past 4 y3ars 
depending upon the fluctuating activity in the AJ-ron 
and Erie mines nearby. The only other towns of ap
preciable size near the quadrangle are Pitkin, about 1 
mile west of the west-central border of the area, and 
Tincup, about a quarter of a mile north of the north
west corner of the quadrangle. Tincup, as well as most 
of the other towns in and near the quadrangle, has a 
sn1all summer tourist population. Pitkin has a perma
nent population of about 100. 

Five mining districts lie entirely or in part within 
the li1nits of the quadrangle. The Tincup district lies 
west of the Continental Divide and north of Cumber
land Pass in the northwest corner of the area. South 
of Cumberland Pass and west of the Continental 
Divide, along North Quartz Creek, is the Quartz C:~eek 
district. The Tomichi district centers around the old 
towns of Tomichi and Whitepine on Tomichi Crqek, 
west of the Continental Divide in the south-central part 
of the area. The Monarch district lies east of the Con-
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tinental Divide around the town of Garfield. The 
Chalk Creek district adjoins the Monarch district on 
the north and includes the area drained by Chalk Creek 
and its tributaries. 

Topography and d1'ainage.-The topography of most 
of the quadrangle is typical of glaciated mountainous 
regions. The altitudes range from 9,000 feet in the 
northeast and southwest corners to 14,100 feet at the 
eastern border, northeast of the old town of Shavano. 
Plate 2 shows the topography that is typical of most 
of the Garfield quadrangle. The crest of the Sa watch 
Range, which marks the Continental Divide in this 
region, bears north-northwest through the central part 
of the quadrangle, and consists of peaks and connecting 
ridges at altitudes of 11,500 feet to 13,500 feet. With 
the exception of a few square miles in the extreme 
southwest part of the quadrangle, the chief topographic 
features are the cirques, U-shaped valleys, serrated 
ridges, moraines, and lake basins typical of glaciated 
mountainous regions. Unglaciated stream divides are 
broad and rolling~ but glaciated divides are narrow, 
knife-edge ridges. 

Drainage east of the Continental Divide is by tribu
taries of the Arkansas River, principally Chalk Creek, 
in the northeast part of the quadrangle, and the South 
Arkansas River in the southeast. The area west of the 
divide is drained, in the north, by Willow and Quartz 
Creeks, and in the south by Tomichi and Hot Springs 
Creeks, all of which flow into the Gunnison River, a 
tributary of the Colorado River. 

Olimate and vegetation.-The climate of the area is 
typical of high mountainous districts at this latitude. 
During the summer, thundershowers occur almost daily 
and are often accompanied by hail. Snow starts falling 
in September and continues at frequent intervals until 
May. Clear but cold weather usually prevails during 
September and October. The snow begins to melt in 
May and is nearly all gone by July except on the higher 
north slopes and in some cirques. In general, the days 
during the summer are temperate, but frost may occur 
any night. Temperatures fall as low as 40 degrees be
low zero during the winter. 

Most of the mountain slopes are covered to timber
line by evergreens, chiefly lodgepole pine and Engel
mann spruce, with the heaviest stands of timber on the 
north slopes. The principal deciduous trees are aspen, 
willow, and alder; the last two are common in stream 
valleys. Large areas above, timberline, which averages 
11,800 feet in altitude, are covered by smooth grassy 
slopes. 

Fieldwork and aaknowledgments.-The fieldwork 
upon which this report is based was done during the 

summers of 1947 through 1951. The average fi':)ld sea
son was from the middle of J nne to the end of f:t~pt.em
her. The senior author was assisted by J. E. Watson 
for 6 weeks during 1947, and by Charles S. Robinson 
for 3 months during the summer of 1948. Robin~on was 
reassigned to the project in June 1949 and has helped in 
every phase of the work since then. The authors were 
assisted during the smnmer of 1949 by D. H. White
bread and in 1950 by M. R. Brock. In the summer of 
1951 the senior author was assigned to other work and 
was able to spend only a small part of his time in the 
quadrangle, but Robinson completed the field mapping 
with the assistance of Brock and R. M. Honea. 

The regional geologic mapping was done on the Geo
logical Survey topographic map of the Garfield quad
rangle (scale 1: 62,500), which was enlarged to a scale 
of 1 : 31,680. The Tincup mining district and the 
southern, or Whitepine, area of the Ton1ichi mining 
district were mapped by planetable method at a scale 
of 1 : 6,000, and a small area near the head of Cree Creek 
at a scale of 1: 2,400. Detailed examinations were made 
of nearly all mines and prospects that were accessible 
during the course of this investigation. 

It is a pleasure to acknowledge the generous cooper
ation of the people of the region, and special thanks 
are due all members of the staff of the Callahan Zinc
Lead Co. at Whitepine, Harold R. Koster and W. E. 
Burleson of Salida, and Lowry Englebright of Tincup, 
for their aid in furnishing information and Inaps of 
individual mines. 

Previous work.-The selected bibliography at the end 
of this report includes all the principal publications 
that relate directly to the Garfield quadrangle and some 
that deal with the main geologic features of the sur
rounding region. By far the most extensive and useful 
reference is Crawford's (1913) excellent report on the 
Monarch and Tomichi districts published by tl'~ Colo
rado Geological Survey. Although Goddard's (1936) 
publication on the Tincup district was intend~d as a 
reconnaissance report, it nevertheless presents nnlCh 
valuable mine data and was the first published descrip
tion of many of the mines in this old district. Tweto's 
(1943) 1 report on the geology and ore deposits in the 
tungsten-molybdenum area near Cumberland Pass is of 
1nuch value for its surface and underground g~ology, 
as well as furnishing information concerning jndivid
ual mines. This area of about 1 square mile lying chief
ly west of Cumberland Pass has been incorporated, 
with minor additions and modifications, on the geologic 
map (p1.1). 

1 Tweto, Ogden, 1943, Molybdenum-tungsten deposits of Gold Hill. 
Quartz Creek, and Tincup mining districts, Gunnison County, Colo. : 
U. S. Geol. Survey Strategic Min. Iuv., open-file report. 
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A. Tincu p thrust fault near Napo leo n Pass brings schis t o f pre-Cambrian flge on right against sedi men tary rocks of late Paieozoic age on le ft. The mountain to 
th e left of Napol eo n Pass is th e t ype loca lit y of th e Tincup quartz monzonite porphyry (Tt) which here irregubrly cuts sed im entar y rocks o f late Paleozoic 
age. Rock s of early Paleozoic age (EP) compose the cliff a nd ridge bordet"iug the east s ide o£ Nor th Quartz Creek valley. Road in valley is built in glacial 
deposits which form a thin veneer over gneissic granite (pre-Cambrian), 

IJ. Outcrop of quartz latite porphyr y. cast rim of Drittlc Silver Basin, showing p laty s tructure that erroneousl y resembles 
bed ding planes of sedimentary rocks Mour~t.aius in th e background are large ly co mposed of th e Mount Prin ce l.on quartz 
monzo nite which e xte ruJs beu eath the ridge of quartz latit e porphyry shown in for eg ro u nd. Glaciated valley o n the left 
is t ypical of many other va ll eys or similar origin in the Garfield qu ad rangle, 
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GENERAL GEOLOGY 

The rocks of the Garfield quadrangle range in age 
from pre-Cambrian to Tertiary, and Quaternary de
posits of surficial material locally mask the older rocks. 
The pre-Cambrian rocks are Inetamorphosed sedime~
tary rocks and intrusive bodies; the rocks of Paleozoic 
and Mesozoic age are of sedimentary origin; and the 
rocks of Tertiary age are intrusive and extrusive 
igneous rocks and one small patch of fossUiferous 
water-laid tuff. The Quaternary deposits include gla
cial 1noraine, glaciofluvial deposits, landslides, talus, 
and alluvium. 

The geologic structure is moderately cmnplex and 
has resulted from deformation during pre-Cambrian, 
Late Cretaceous or early Paleocene, and early ( ~) Ter
tiary time. Structures include folds, faults, and frac
ture zones of diverse trends, but the outstanding struc
tures trend northwest, especially an overthrust fault 
(pl. 2.A) of large displacement that extends along 
strike at least 17 miles. Metamorphic effects of the 
Mom1t Princeton batholith are pronounced in a zone 
about half a 1nile wide in the sedin1entary rocks border
ing the batholith. 

PRE-CAMBRIAN ROCKS 

The pre-Cambrian rocks include a group of schists. 
and gneisses, believed to be of sedimentary origin, a?d 
a group of intrusive rocks. The main types of sch1st 
and gneiss are quartz-mica schist, quartz-hornblende 
schist, quartz-hornblende gneiss, and granite gneiss. 
Into these were intruded a gneissic granite, the Pikes 
Peak granite, a hornblende diorite, and a granite 
tentatively correlated with the Silver Plume granite. 

SCHISTS AND GNEISSES 

Schists and gneisses of pre-Cambrian age are ex
posed in the southeastern, central-western, and north
western parts of the quadrangle (pl. 1). Those of the 
southeastern area represent the irregular western bor
der of a much larger area of foliated rocks that ex
tends eastward for several miles but is largely covered 
by glaciofluvial deposits. .Although the various types 
of schists and gneisses shown on the geologic rna p and 
described below are fairly distinct mappable units, 
there are much local variation and intergrading of all 
types, and hundreds of small blocks and fragments are 
contained in the younger rocks, especially in the pre
Cambrian granites. Individual bands or lenses may 
have a thickness of a fraction of an inch or many feet; 
some can be traced for long distances, but most are 
short. 

The four major metamorphic rock units shown on 
the geologic map are quartz-mica schist, quartz-horn-

blende schist, quartz-hor~blende gneiss, and granite 
gneiss. The first three are pro~ably a~out the . s~me 
relative age. The granite gneiss IS essentia~l! an InJec
tion gneiss and migmatite formed by granitic replace
ment of the older schists and gneisses, and part of the 
rock is therefore younger than the other foliates 

The schists and gneisses, other than the injected 
granitic parts, are essentially metamorphosed sed~men
tary rocks as indicated chiefly by their compositions 
and the local presence of quartzite beds that paralJ el the 
foliation of the schists and gneisses. Insofar as could 
be observed the foliation of the schists and gneisses 
conforms to the bedding of the former sedimentary 
rocks. The degree of metamorphism was probal'~Y of 
medium grade and occurred in the pre-Cambrian l'~fore 
the intrusion of the Pikes Peak granite. 

QUARTZ-MICA SCHIST 

Quartz-mica schist is exposed at Inany places in the 
area surrounding the junction of North and Middle 
Quartz Creeks, near the west-central margin of the 
quadrangle. The several patches of schist shown in this 
vicinity probably connect beneath the broad bolt of 
glacial deposits and form one large mass. Although 
there are many local variations, the foliation domi
nantly strikes east or northeast and dips steeply in the 
eastern part and moderately either to the north or south 
in the western part. 

Most of the rock is gray or brownish-gray fine
grained schist in which quartz, biotite, and muscovite 
can be recognized megascopically. Within shor~ dis
tances, however, the rock grades into or contains lenses 
of clark quartz-biotite schist, light quartz-muscovite 
schist, or beds or lenses of pink to gray quartzite. Some 
parts of the fine-grained quartz-mica schist contain nu
merous aggregates of quartz and some pink feldspar in 
oval forms ranging from 1 to 5 mm long. Foliation is 
moderately to well developed, and in a few places the 
schist grades into gneiss. Under the microsco:p e the 
schist typically shows a crystalloblastic texture ar~ the 
occurrence of biotite, muscovite, and some quartz ag
gregates in elongated forJlls parallel or subpa~allel to 
the foliation. Most of the schist is composed essentially 
of 50 to 70 percent quartz, 20 to 30 percent biotite, and 
5 to 15 percent muscovite. .Accessory minerals are al
bite, oligoclase, orthoclase, myrmekite, chlorite, m~,gne
tite, and garnet. 

The bulk of the quartz-mica schist has probably been 
derived from a somewhat clayey and feldspathic sand-
stone. 

QUARTZ-HORNBLENDE SCHIST 

Quartz-hornblende schist underlies a greater area 
tha.n any of the other schists and gneisses. It is ex7osed 
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over an extensive area along East Willow Creek and 
forms a small area in the extreme southeast corner of 
the quadrangle. The larger mass is about 3 miles wide 
near the north border of the quadrangle ; it wedges out 
51h miles south, between the Mount Princeton batholith 
and the Tincup fault. Several of the high peaks in the 
northern part of the quadrangle, such as Fitzpatrick 
Peak and Emma Burr Mountain, are composed of this 
dark schist. In the Willow Creek region the foliation 
dominantly strikes northwest and dips northeast. In 
the southeast part of the quadrangle the trend of the 
foliation is much more erratic, although a general north
west strike and moderate dip to the southwest predomi
nates. 

The bulk of the schist is fine grained, strongly foli
ated, and dark grayish-green to greenish black. The 
composition of the schist varies locally, but the micro
scope shows that most of the rock is composed largely 
of anhedral grains of quartz and hornblende. These 
1ninerals, and in some specimens white feldspar, biotite, 
and muscovite, can be recognized with the aid of a hand 
lens. Biotite is present locally in large amounts, and in 
places exceeds hornblende. Plagioclase, commonly 
andesine, is present in a few places in amount nearly 
equal to quartz. 

A small part of the area mapped as schist includes 
beds and lenses of gray or pinkish, fine-grained, banded 
or streaky quartzite. Many quartzite beds contain 
biotite-rich laminae or bands as much as 1 inch thick. 

Most of the schist was probably originally dolomitic 
sandstone and son1ewhat calcareous beds of clayey sand
stone and sandy shale with Ininor relatively pure 
sandstone beds. 

QUARTZ-HORNBLENDE GNEISS 

Dark-green to almost black quartz-hornblende geniss 
is well exposed in cliffs on the north side of the moun
tain between South and Middle Quartz Creeks, in the 
west-central part of the quadrangle, where it forms 
a body 11h miles long. Bodies as long as a few hun
dred feet occur locally within the granitic gneiss and 
the quartz-hornblende schists west of the Continental 
Divide, and also in the granite gneiss east of Garfield. 
The n1ass on Middle Quartz Creek is cut off on the east 
by the l\fount Princeton batholith, on the south by the 
Silver Plume( n granite, and on the west it passes 
under glacial debris along the valley of South Quartz 
Creek. The foliation strikes northeast, with vertical 
or steep eli ps. 

The gneiss is typically composed of fine-grained min
erals arranged in distinct bands a fraction of an inch 
to several inches wide. Individual bands vary in color 
from light greenish-gray to black, depending upon the 

relative amounts of light and clark minerals. IIorn
blende, quartz, and epidote can be seen megascopically 
in most specimens. Locally, parts of the rock ar€, com
posed mainly of epidote or of epidote and q'mrtz. 
Some of the gneiss grades into quartz-hornblende schist 
that is similar to the schist in the northwestern p~,rt of 
the quadrangle. Microscopic examination shews a 
crystalloblastic texture, with grains 0.05 to 1.5 mrr long. 
Quartz and green hornblende constitute about 90 per
cent of the rock; each is found in varying amounts in 
both the light and dark bands of the gneiss. Epidote 
is common. Very minor constituents are chlorite, an
desine, orthoclase, biotite, sphene, and magnetite. 

The composition and occurrence of the quartz-horn
blende gneiss indicate that it was originally part of 
the same series of sedimentary rocks that formed th~ 
quartz-hornblende and quartz-mica schists. Tho, rea
son for showing the gneiss as a separate unit on the 
geologic map (pl. 1) is that in the field the pronounced 
banding of the gneiss sets it apart in appearancf, from 
the platy schists. 

GRANITE GNEISS 

Granite gneiss crops out in a small area at the e~.stern 
border of the quadrangle between the South At+ansas 
River and its North Fork. The granite gneiss is inti
mately associated with the younger r;re-Cambrian and 
Tertiary granites and occurs as inclusions from a few 
inches long to masses nearly a mile in length. In many 
places it grades into the bordering rock and its delinea
tion on the geologic map is therefore somewhat arbi
trary. The rock unit mapped as granite gneiss consists 
chiefly of typical injection gneiss and migmatite, al
though small bodies of schist, pegmatite, and granite 
are embraced in this unit. 

The typical rock is medium grained, gray to pinkish 
gray, and is a definite gneiss consisting of ligl't and 
dark bands. The bands are con1posed mostly of quartz 
and white or pink feldspar, with variable amounts of 
biotite or hornblende; porphyroblasts of feldspar and 
peginatite stringers are common. The dark bands vary 
in width from a few feet to thin faint lines. Tho, dark 
schist grades into gray or pinkish granitic rock, locally 
containing relicts of the schist. 

The attitude of the gneissic structure is erratic al
though an average northeast strike and ste€,p dip 
prevails. Locally the g11eiss is con1plexly folded. 

GNEISSIC GRANITE 

A foliated granite of pre-Cambrian age, here called 
gneissic granite, is exposed in several large ar"3as in 
the western part of the quadrangle. The granite belt 
extends from the northern boundary of the map south
ward for 15 miles to Stridiron Creek, and attains a 
maximum width of about 3 miles at a point about mid-
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A. Sharp contact of Silver Plume(?) granite (left) and Pikes Peak granite. Continental Divide about half a mi le north of old Monarch Pass, 

B. Gently dipping contact of quartz latite porphyry {dark ridge across va lley at right) and Mount Pomeroy quartz 
monzonite, View east from ridge of Van Wirt Peak, 
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way between Halls Guleh and Middle Quartz Creek. 
The regional extent of this granite is not known, as very 
little detailed geologic work has been clone in the areas 
bordering the Garfield quadrangle. Although gneissic 
structure is absent or very faintly developed in fairly 
large areas, especially in the southern half of the belt, 
1nost of the granite shows a 1nedimn to strong foliatio~1 
which ranges in strike frmn N. 10° W. to N. 60° W. 
and generally clips northeast. 

The gneissic granite is typically a gray to brownish
gray, fine-grained rock having faint but generally dis
tinct foliation. The foliation is defined by narrow ( 0.5 
to 2 mm) bands, lenses, or streaks of biotite and less 
conspicuous lenses of slightly smoky quartz in a light
gray granular aggregate of quartz, white and light
gray feldspar, and a few small flakes of biotite. 
Weathered surfaces are gray, greenish gray, or red
dish brown. The normally fine-grained granite is 
locally medium to coarse grained; at places the rock 
cGntains irregular biotitic aggregates as much as three 
quarters of an inch wide and a few large irregular 
grains of quartz and white feldspar in a fine-grained 
matrix. 

Under the 1nicroscope the gneissic granite shows a 
pronounced eataclastic texture; almost all grains are 
crushed~ broken, or frayed. Quartz oceurs as granular 
lenses, streaks, small irregular grains, or as larger 
crushed and somewhat rounded aggregates. Quartz 
constitutes 30 to 40 percent of the rock. Potash feld
spar, chiefly 1nierocline and orthoclase, in irregular 
large and small broken grains ·constitutes about 40 to 
GO percent of the rock. Plagioclase, generally strongly 
kaolinizecl, oecurs sparingly, and uncertain determina
tions indicate that it is oligoclase. Biotite, in part al
tered to chlorite, epidote, and magnetite, is everywhere 
present in shreds, frayed grains, or streaky clusters. 
Aecessory 1ninerals include sphene, zircon, and apatite. 

Aplitic and especially peg1natitic bodies are rare. 
~iost of the aplites are west of North Quartz Creek 
about a mile north of its junction with Middle Quartz 
Creek. Here a few narrow dikes cut the g11eissic gran
ite. All of these show a faint to distinct gneissic struc
ture parallel to the foliation of the enclosing gneissic 
granite, even though some of the dikes cut obliquely 
across the foliation of the granite. 

The foliation in the gneissic granite is chiefly the 
result of metamorphic differentiation eaused by stress, 
as indicated by the bands and shreds of quartz and 
biotite, the cataclastic texture of the granite, and the 
concordant foliation of the aplites. The time of Ineta
Inorphism was during the pre-Ca1nbrian and probably 
before the intrusion of the Pikes Peak batholith, be
cause the Pikes Peak granite, although far re1noved in 

space, shows far less intense effects of dyna1nic n1eta
morphism than does the gneissic granite. 

PIKES PEAK GRANITE 

Granite similar to the well-known Pikes Peak ~ran
ite (Cross, 1894) forms disconneetecl masses in the s~uth
eastern part of the Garfield quadrangle. The two larg
est areas eenter around Missouri Hill and along the 
South Arkansas River east of Garfield. Road euts 
along the main high way from l\ionarch to Agate Pass 
are chiefly in Pikes Peak granite. This granite is eut 
at many places by bodies of the younger ~~ilver 
Plmne ( ? ) granite, espeeially within a radius of half a 
1nile frmn Agate Pass (pl. 3A). Many relatively s1nall 
isolated inclusions of Pikes Peak granite, not shov~n on 
the geologie map, occur in the Silver Plmne( n gran
ite for a mile or two west of the Continental Divide 
along the southern margin of the quadrangle. The 
contact between these two granites is therefore shown 
aln1ost everywhere on plate 1 as gradational. 

The Pikes Peak granite is typically a pink, eoarse- to 
n1edimn-grained rock, having many pink feldspar 
phenocrysts 1j2 to 1 inch long, and eonspieuous small 
grains of fresh black biotite. Locally the freshly 
broken rock is gray, but in 1nost places weathered sur
faees are pinkish, and in smne large areas,. light red. 
The reddish color is due to the pink feldspars and iron 
stain derived from the weathering of biotite. Quartz, 
feldspar, and biotite can be recognized in all hand speci
Inens, and in a few specimens small grains of magnetite 
can be seen. Many feldspar phenocrysts enclose small 
grains of biotite. Although a parallel or subparallel 
orientation of the feldspar phenocrysts occurs lo~ally, 
most outcrops show a randmn arrangen1ent. Micro
scopic exan1ination shows that feldspars, including 
orthoclase, microcline, microperthite, and plagio~lase, 
constitute about 60 percent of the rock, and quartz and 
biotite about 40 percent. The ratio of potash to plagio
clase feldspar varies but is generally about 2 to 1. The 
dominant potash feldspar is generally orthoclase, al
though locally it is mierocline. The plagioclase is Jnost
ly medium oligoclase. It is largely restricted to the 
groundmass and only rarely forms phenocrysts. 
Quartz is abundant in irregular grains and as an inter
growth with the potash feldspars. Biotite is in part 
altered to ehlorite, or less cmnmonly, to epidote. The 
acc.essory n1inerals are zircon, apatite, sphene,, and hlack 
iron oxide. 

The Pikes Peak granite penetrates, and encloses n1any 
fragments of, the older schists and gneisses, and i~ cut 
at many places by the Silver Plume ( ~) granite. It 
is therefore younger than the schists and gneisseE and 
older than the Silver Plume ( ~) granite. How~ver,. 
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its relation to the distant exposures of pre-Ca1nbrian 
gneissic granite and hornblende diorite could not be 
determined, although by inference the Pikes Peak 
granite is assumed to be younger than the gneissic 
granite, as previously stated in the discussion of the 
relative degree of metamorphism of the two masses. 

HORNBLENDE DIORITE 

In the southwestern part of the quadrangle, four 
small irregular intruded dark hornblende-rich diorite 
bodies occur in the pre-Cambrian gneissic granite. They 
are restricted to an area about 5 1niles long and 11h 
miles wide extending northward from Stridiron Creek 
to a point a short distance north of the junction of 
North and Middle Quartz Creeks. The hornblende 
diorite forms most of the western and southern slopes 
of Bald Mountain and occupies irregular areas high on 
both slopes above Stridiron Creek. The outline of the 
bodies was determined chiefly from the distribution of 
float, as outcrops are uncommon in this heavily wooded 
area. In the one place where the contact of the diorite 
and the gneissic granite was seen, in a small and poor 
exposure near Coyote Park trail, a small stringer of the 
diorite penetrates the granite. On Bald Mountain the 
diorite is overlain by the Sawatch quartzite of Late 
Cambrian age. The age of the hornblende diorite is 
probably pre-Cambrian; it is certainly older than Late 
Cambrian and younger than the gneissic granite. The 
diorite is also probably older than the Silver Plume ( ~) 
granite, because this granite seems to cut into the dio
rite on the eastern side of the small stock located south
east of the end of the road up Stridiron Creek, although 
the age relation is not clear, and no contact was seen. 
Although the hornblende diorite is restricted to a rela
tively small area in the Garfield quadrangle, it is evi
dently abundant a few 1niles to the west, in the Gold 
Brick district, where Crawford and Worcester (1916, 
p. 43-45) 1napped many large areas of hornblende-rich 
diorite and related rocks which undoubtedly correlate 
in part, at least, with the hornblende diorite of the Gar
field quadrangle. Crawford and Worcester considered 
the hornblende-rich diorite to be the youngest of the 
pre-Cambrian crystalline series, but the Silver 
Plume(~) granite is absent there. 

Several textural and compositional varieties of the 
11ornblende diorite have been found, but 1nost of the 
rock is fairly uniform. It is characteristically n1assive, 
greenish black, and 1nediu1n grained, although grain 
size 1nay range from fine to n1oderately c.oarse. Weath
ered surfaces are comn1only greenish gray, greenish 
black, or reddish brown. Hornblende and feldspar are 
the only minerals that can ordinarily be identified 
1negascopically. Feldspar is generally uniformly dis-

tributed, but in one facies of the rock, it forms con
spicuous patches 0.1 to 0.2 inch long, composed of ag
gregates of small grains. In another facies, the feld
spar forms chainlike aggregates of small grains, which 
are particularly conspicuous on weathered surfaces. 
Smne of the rare basic facies consisting almost ertirely 
of hornblende would more properly be termed horn
blendite. 

Thin sections show that the rock contains 45 to 65 
percent hornblende and 35 to 50 percent plagioclase. 
Quartz, orthoclase, and biotite are present in minor 
amount. Some of the rock is composed of large an
hedral grains of hornblende and plagioclase in a matrix 
of small crushed grains of feldspar, quartz, and horn
blende. Other thin sections show no such proncunced 
distinction in grain size, although anhedral grair~ pre
dominated in all sections examined. The hornblende 
is the common green variety; it has ragged borders, and 
ranges from small specks to grains as much as 6 111111 
long. Many of the grains are partly or completely al
tered to chlorite. Biotite is present locally, in frayed 
flakes, but is uncommon. The plagioclase is chiefly an 
intermediate to calcic andesine, and much of it is partly 
altered to sericite. Orthoclase and quartz are present 
in all rocks examined but are 1ninor constituent~ ; they 
form anhedral grains less than 0.15 mm long. Tho, chief 
accessory minerals are magnetite and epidote; P.patite 
and zircon are rare. 

SILVER PLUME(?) GRANITE 

The Silver Plu1ne( n granite is widespread in the 
southern third of the Garfield quadrangle and is ex
ceeded in total areal extent only by the Mount Prince
ton quartz monzonite. Outcrops are few, however, 
especially in the Canyon Creek region, for the granite 
disintegrates easily and is covered by a heavy growth 
of ti1nber. 

The granite is tentatively correlated with the Silver 
Plume granite (Ball, 1906, p. 371-389), which is widely 
recognized in other parts of Colorado, and is generally 
distinguished by its age relations, composition, and the 
physical appearance of part of the rock. However, the 
authors hestitate to correlate it definitely with the 
Silver Plume because a large part of the granite lacks 
the characteristic feldspar phenocrysts of the Silver 
Plume, and it is separated from the nearest known ex
posures of Silver Plume granite near Twin Lakes 
(Stark and Barnes, 1935, pl. 1) by about 30 miles. 
Furthermore, Stark and Barnes show a large r.rea of 
Pikes Peak granite in the Monarch area of the Garfield 
quadrangle, whereas in the present report this is shown 
as largely the questionable Silver Plume granite with 
only small areas of Pikes Peak granite. In this area 
there are, however, many examples of the questionab],~ 
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Silver Plume granite clearly cutting typical Pikes Peak 
granite. In his description of the granites of the 
Monarch and Tomichi districts, Crawford (1913, p. 49) 
referred to this granite as porphyritic granite but made 
no attempt to map it separately from the older coarse 
biotite granite, the Pikes Peak granite of this report. 

The Silver Plume(?) granite is typically a pink to 
light-gray, medium-grained rock, conunonly containing 
variable amounts of tabular feldspar phenocrysts a 
fraction of an inch to 1 inch long. Weathered surfaces 
are gray or pinkish gray to reddish brown, with red
dish shades the more cmnmon. There are two n1ain 
textural varieties. The more abundant variety contains 
nmnerous tabular feldspar phenocrysts in parallel or 
subparallel orientation in a 1nedimn-grained ground
Inass and occurs mostly west of W aterdog Lakes. East 
of these lakes the rock grades into a dominantly pheno
cryst-free facies. In addition to these two main types 
there are several other facies, and textural variations 
are more common than con1positional differences. 
Coarse-grained rock is rare, but fine-grained rock either 
with or without feldspar and quartz phenocrysts under
lies fairly large areas east of the Continental Divide. 
In addition to quartz and feldspar, biotite can be J.'ecog
nized in all hand speci1nens of the various types. A few 
facies, generally the fine-grained ones, are clark gray 
owing to a 1nuch higher content of biotite than usual. 

Microscopic exa1nination of thin sections shows that 
the chief constituents are quartz, potash feldspar (or
thoclase, microperthite, and microcline), and plagio
clase feldspar (oligoclase) . The ratio between potash 
and plagioclase feldspar varies, but generally potash 
feldspar is dominant, although the difference between 
the two is not great. Orthoclase and microcline like
wise vary locally in relative amounts although Inicro
cline is 1nore com1non in the nonporphyritic granite 
east of W aterdog Lakes. Most of the plagioclase is 
strongly altered to sericite and kaolin. Biotite is every
where present. Among the phenocrysts orthoclase and 
1nicrocline greatly exceed oligoclase. Accessory and 
secondary minerals are sphene, zircon, apatite, iron ox
ides, chlorite, sericite, and kaolin. Much, if not all, of 
the "granite" is quartz 1nonzonite, but the tern'l "gran
ite" is so firmly associated with the term "Silver Phune" 
that it would be inadvisable here to change the name. 

A. few narrow aplite dikes and many pegmatite bodies 
are genetically related to the Silver Plume (?) granite. 
The pegmatites range from very narrow dikelets to 
large irregular bodies as 1nuch as 500 feet long, al
though the vast majority are dikes or lenses only a few 
feet thick and less than 50 feet long. They are conl
posed largely of quartz and microcline-perthite. A few 
contain one or 1nore of the following 1ninerals: biotite, 

muscovite, hornblende, and magnetite, but no rare or 
unusual minerals were observed in them. 

The Silver Plun'le ( ? ) granite is probably the yo'Ing
est of the pre-Cambrian rocks in the mapped area. The 
granite clearly intrudes Pikes Peak granite (pl. 3.A.), 
as is well shown at n1any places along the Continr~tal 
Divide north of Monarch Pass. As previously stated, 
the granite apparently cuts the hornblende diorite. 

PALEOZOIC SEDIMENTARY ROCKS 

The succession of stratified rocks of Paleozoic age in 
the mapped area ranges from Ca1nbrian to Permian(?) 
in age and attains a thickness of about 6,300 feet. The 
Paleozoic rocks have been strongly folded, faulted, and 
eroded. The chief period of folding and faulting oc
curred during the Laramide orogeny. Faults of seT"eral 
thousand feet displace1nent occur at several places. Un
conforinities are present between all the Paleozoic for
mations and between the Paleozoic and Mesozoic ;rocks. 
Some of these periods of erosion were of long extent, es
pecially the period near the close of the Paleozoic and 
before the deposition of the Morrison formation (Upper 
Jurassic) as shown in the southwest corner of the quad
rangle where Morrison rocks rest on granite of pre
Cambrian age. Also it is very probable that several 
thousand feet of sedimentary rocks of Cretaceous age 
have been removed from the region by erosion. A rod
erately long period of erosion occurred between Late 
Ordovician and Late Devonian time. Sufficient time 
elapsed between deposition of the Leadville limes~one 
(Mississippian) and the overlying Belden shale for ero
sion to produce a karst topography on the surface of the 
limestone. Following all these periods of erosion ~0me 
of the rocks still remaining were probably engulfe1 in 
the extensive intrusions of Tertiary age. Conseque~1tly 
the sedimentary rocks that once covered the entire re
gion to a great thickness are now preserved only in 
fault blocks, synclines, or less commonly, as xenoliths. 
Plate 1 shows the occurrence of these rocks and their 
spotty preservation in a belt about 19 miles long, ex
tending northwest from the Monarch district to and 
beyond the Tincup district. 

The lower 800 to 1,200 feet of the Paleozoic section, 
comprising formations ranging fron1 Cambrian to I fis
sissippian in age, is chiefly dolmnite and limestone, al
though the relatively thin Harding and Sa watch forma
tions are 1nostly quartzite. Overlying this section is a 
series of predominantly clastic rocks of Pennsylvanian 
and Permian ( ? ) age consisting chiefly of quartzite and 
black shale with subordinate limestone. Fossils are 
sparse and generally poorly preserved. At many places 
the sedimentary rocks have been 1netamorphosec1. to 
quartzite, marble, hornfels, or argillite. 
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The geologic map of Colorado (Burbank, Lovering, 
Goddard, and Eckel, 1935) shows that the Paleozoic 
strata of the Garfield quadrangle lie at the southeast 
end of a fairly continuous but strongly faulted belt of 
sedimentary rocks extending northwest about 50 miles 
to Aspen. Southeast of the quadrangle, the same rocks 
are exposed only in discontinuous small patches for 
about 30 1niles and then disappear beneath younger de
posits in the northern part of the San Luis Valley. This 
belt of exposures of Paleozoic rocks, from Aspen to the 
San Luis Valley, lies 10 to 30 miles southwest of, and 
generally parallel to, another and more prominent belt 
of the same rocks extending from Minturn southeast 
through Leadville into the Sarrgre de Cristo Range. 

The following formations of Paleozoic age were rec
ognized in the quadrangle: Sa watch quartzite, Manitou 
dolomite, Harding quartzite, F.remont dolomite, Chaffee 
formation, Leadville limestone, Belden shale, and Min
turn formation. Previous geologic work either in the 
quadrangle or in adjoining localities, chiefly by John
son (1944, p. 303-378) and Goddard (1936, p. 560), 
established the correlation and age of the Sawatch 
(Cambrian) ; Manitou, Harding, Fremont (all Ordo
vician) ; Chaffee (Devonian); and Leadville (Missis
sippian) formations. The Belden shale (Pennsyl
vanian) and Minturn formation (Pennsylvanian and 
Permian~) are correlated by the authors of this report 
with these formations as recognized by Tweto ( 1949, 
p. 192-228) in the Pando area, on the northeast flank of 
the Sa watch Range. Correlations of the various forma
tions in the mapped area are based on lithology and 
paleontological evidence. 

SAWATCH QUARTZITE 

The Sawatch quartzite, of Late Cambrian age, rests 
unconformably on a fairly even surface of crystalline 
rocks of pre-Cambrian age in most areas west of the 
Continental Divide where the Paleozoic sedimentary 
rocks are exposed. East of the Continental Divide, only 
a few thin erosional remnants of the quartzite are pre
served, and the lowermost Paleozoic rock is generally 
the Manitou dolomite. The contact of the Sawatch 
quartzite and the Manitou dolomite is fairly even but is 
rarely exposed except in mine workings. 

On the west side of the divide the quartzite extends 
in a broken belt for about 18 miles from the southern 
part of the Tomichi 1nining district northwestward to, 
and beyond, the border of the quadrangle. Outcrops 
are sparse and generally expose only a few feet of sec
tion. The rock has "floated" long distances on the 
slopes, and the lower part of the fonnation is generally 
covered by loose rock frmn the upper part. 

The quartzite attains a maximum thickness of 125 
feet in the Tincup 1nining district and decreases in thick-

ness fairly uniformly to the southeast. One 1nile south
east of the mouth of Halls Gulch, the quartzite is absent 
beneath the Manitou dolomite for a distance of about 
1,500 feet (see pl. 1). This gap probably represents ero
sion along a pre-Ordovician river channel. In the area 
east of 1Vhitepine, the Akron tunnel exposed only 14 
feet of Sawatch quartzite, and about a mile farther 
southeast the quartzite is absent and the Manitou dolo
mite rests on granite of pre-Cambrian age. East of 
the Continental Divide no Sawatch quartzite is exposed 
at the surface, but small erosional re1nnants only a few 
feet thick were cut in the Madonna, Lilly, Clinton, and 
Evening Star mines in the Monarch district. On the 
crest of the Continental Divide due east of L2,ke Hill, 
loose fragments of Sawatch quartzite and Manitou 
dolomite cover a small area, thus showing that the 
quartzite was once continuous over the divide. 

The Sawatch formation in the Garfield qurrlrangle 
consists of three rather distinct lithologic units which 
correspond to the lower quartzite, glauconit:~~ sand
stone, and upper quartzite mmnbers as recognized by 
Johnson (1944, p. 310) in the Sawatch Range. 

The lower quartzite mmnber is chiefly white, vitreous, 
mediun1-grained quartzite consisting of fairly well 
rounded sand grains bonded by quartz. At mo:st places 
the basal 2 feet consists of either conglomerr,te, con
glomeratic quartzite, arkosic sandstone, or lenses of 
conglomeratic quartzite in quartzite. The low~r Inem
ber contains variable amounts of feldspar and white 
1nica. The color is chiefly white although pinkish 
shades are con1mon, and some of the rock is locally light 
green or light gray. The lower quartzite n1mnber is 
well exposed for several hundred feet horizontally on 
the west slope of Duncan Hill in the Tincup district, 
about 1,500 feet south of West Gold Hill mine. Here 
it aYerages about 22 feet in thickness and rests on an 
even erosional surface of weathered gneissic granite. 
The rock is pink, gray, or white, medium-grained 
quartzite in beds 2 to 20 inches thick. Lenses of C,1nglom
erate 2 to 12 inches thick occur locally at the base. 
The lenses consist mostly of well-rounded white quartz 
pebbles rarely exceeding three-quarters of an inch in 
diameter, and a few small pebbles of granite, in a sanely 
or quartzitic 1natrix. 

The gl~uconitic sandstone member, which has a maxi
mum thickness of about 45 feet, consists chiefly of 
glauconitic .sandstone, glauconitic quartzite, and limy 
sandstone. Locally it contains beds of white quartzite 
si1nilar to the quartzite in the lower and upper mem
bers, and beds of sandstone and sandy limestone. The 
glauconitic beds weather brown, reddish brown, or 
purplish brown colors which contrast strongly with the 
white of most of the formation. Crossbedding is 
characteristic of this member. 
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The upper quartzite 1ne1nber has a maximum thick
ness of about 50 feet and is si1nilar to the lower nlein
ber in color and composition, except that it does not 
contain miea, feldspar, or the conglomeratic beds and 
lenses. 

The best exposure of the Sa watch for1nation in the 
quadrangle is on the s1nall hill inunediately north of 
Quartz Creek, at the extrmne western boundary of the 
quadrangle, where the following section was 1neasured: 

Sect·ion of Sawatch qua1·tzite on hill n01·th of Qum·tz 01·eek -in 
sees. 10 and 11, T. 50 N., R. 4 E. 

Manitou do1omite. 
Unconformity. 
Sawatch quartzite : 

Upper quartzite member: Quartzite, white with some 
pinkish shades, vitreous, medium-grained; beds 4 

Feet 

to 12 inches thick. Top 2 feet leached and 
weathered________________________________________ 40 

Glauconitic sandstone member: 
Limy sandstone, white with some tan and pink 

shades, crossbedded, porous, sparse but widely 
distributed glauconite in lower part_ ___________ 22 

Quartzite, white with some pinkish shades, vitre-
ous, medium-grained; beds 10 to 18 inches 
thick__________________________________________ 8 

Quartzite, purplish red with some limonite 
blotches, medium-grained, crossbedclecl, glau-
conitic; beds 1 to 4 feet thick __________________ 15 

Lower quartzite member : 
Quartzite, white and pink with limonite blotches, 

medium-grained, slightly micaceous; beds 6 to 
18 inches thick ________________________________ 15 

Quartzite, white and pink, medium-grained, mi
caceous, sparse feldspar, conglomeratic quart
zite lenses half an inch thick or less; beds 4 to 
20 inches thick ________________________________ 10 

U ncouformity. 
Pre-Cambri~u gneiss. 

110 

The Peerless formation, which overlies the quartzite 
beds at many places in central Colorado, is not present 
in the 1napped area. 

No fossils were found, but the quartzite beds un
doubtedly belong to the Sawatch formation because 
they can be shown to be closely correlative with that 
formation in adjoining areas. The Sawatch is gen
erally recognized as of Late Cambrian age. 

M.A.NI~rOU DOLOMITE 

At most places the Manitou dolomite, of Early 
Ordovician age, rests unconformably on a slightly 
irregular surface of the Sawatch quartzite, but in the 
southern part of the Tomichi district, and in the Mon
arch district, it rests on pre-Cambrian granite except 
for a few local remnants of Sawatch quartzite. The 
Manitou dolomite is equivalent to the limestone below 

the quartzite in 'the Tomichi limestone of Ora wford's 
nmnenclature (1913, p. 56-61). 

The Manitou dolmnite is 1 '75 to 250 feet thick at 
n1ost places. It shows a general thi1ming to the north
west, averaging about 240 feet thic.k in the Mor arch 
district and 185 feet in the Tincup district. In Jialls 
Gulch 4 1niles south of the Tincup district, a thickness 
of 1 '75 feet was measured in a prospect adit located 
2,500 feet west of the mouth of the gulch. According 
to Crawford (1913, p. 5'7), the thickness has a wide 
range in the Monarch district ; he reported 290 feet in 
the Garfield mine, 260 feet east of Garfield in beds 
exposed along the South Arkansas River, 80 to 9( feet 
in the Madonna No. 6 tunnel, and about '75 feet in the
Monarch Contact tunnel. He states, 

The reduced thickness south and southwest of Monarch points 
to one of two possibilities: (1) that the deposition of the 
limestone in this vicinity was less than elsewhere, or (2) that 
more of the originally deposited limestone had been reJY~ovecl 
by erosion prior to the deposition of the "parting quartzite' .. 
[Harding quartzite of this report]. Because of the nearly uni
form character of the limestone and the lack of paleontological 
evidence it is impossible to say which of these is the true
explanation. In view of the abrupt change from limestcne of 
varying thickness to a coarse siliceous quartzite it would seem 
probable that the quartzite lies unconformably on the lime~tone. 

The authors of this report believe that the great range 
in thickness can be better accounted for by assuming
that known faults, possibly accompanied by a squeezing· 
of the beds, have cut out a large part of the Manitou 
in both the Madonna No. 6 and Monarch Contact sec
tions. Furthe.rmore, the 290-foot section in the Garfield 
Inine is ahnost certainly the result of repetition of beds: 
caused by the fault in the tunnel 220 feet west of the 
granite. This is also indieated by the fact that about 
1,500 feet north of the old Garfield tunnel a fairly 
recent aclit, the upper Garfield (pl. 1), cuts only 235 
feet of Manitou in what appears to be a normal 
thickness. 

The ~fanitou is characteristically a bluish-gray,. 
crystalline, well-bedded dolomite locally containing 
sparse to abundant black (less commonly gray or white) 
chert nodules and lenses at some horizons. Lo~ally 

the eo lor is light gray to white; the textures range from 
very fine to coarse. Individual beds range in thich1ess. 
from a few inches to several feet, and bedding is usually 
pronounced. Smne isolated outcrops are difficult to· 
distinguish from the Fremont dolomite. Metamorphic 
proeesses, particularly those related to the intrusion of" 
the Mount Princeton quartz monzonite, have lo~ally 
changed the dolomite to marble, with a resuitant in-
crease in grain size and general color change to ·vrhite
or light gray. Although the great bulk of the fo"':'ma
tion is dolomite, some beds are limestone, dolomitic· 
limestone, or li1ny dolomite. The few observed v:-r.ria-
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tions from the usual carbonate beds are thin sean1s or 
partings of reddish clay, and locally in the Monarch 
district a sandy lin1estone bed about 15 feet thick occurs 
near the top of the formation. The rocks in the Mon
arch area contain less magnesiurn than those in other 
areas to the west and northwest and are chiefly dolo
Initic limestones. 

The Manitou formation is well exposed in the 
Monarch district along the South Arkansas River, 3,000 
feet east of Garfield, where the beds are vertical. 
At this locality the Manitou beds are chiefly dolomitic 
limestone rather than dolomite. Some beds contain 
chert. A thickness of 240 feet measured here agrees 
closely with the 245-foot thickness of carbonate beds 
beneath Crawford's (1913, p. 57) unit 8, which is un
doubtedly the basal bed of the Harding quartzite. 

In the Tincup district, the upper part of the Manitou 
dolomite is exposed aln10st continuously for about 11h 
1niles in road cuts along State Highway 162 from the 
Deacon mine north to the sharp switchback west of 
the Indiana mine (see pl. 1). The middle and lower 
parts of the formation are well exposed in a few places 
southwest of the Deacon mine on the steep slope west 
of the road. The total thickness in this area is about 
185 feet. The formation consists of mediu1n-gray dolo
Inite in beds 2 to 10 inches thick. Gray to black chert 
is widely distributed in nodules and lenses. Some beds 
are separated by pink shaly lenses or partings. 

Paleontological evidence indicates that the age of 
the Manitou dolmnite is Early Ordovician. On Mon
arch Ridge, in the southeastern part of the Garfield 
quadrangle, Crawford (1913, p. 60) obtained Heli
eotoma sp. ~ and undeterminable cephalopods about 50 
feet above the base, and 10 feet higher poorly preserved 
specimens of Dalmanella, probably D. testudinaria, 
were found. In addition, he reports silicified speci1nens 
of 01·thoceras sp. from horizons ranging from the top 
of the formation down to about 80 feet above the base. 
Near the west-central part of the quadrangle a speci-
1nen of an endocera.tid siphuncle was collected by Dings 
on the northwest slope of Bald Mountain from about 
75 feet above the base of the formation. About 25 
miles southeast of Monarch, along Kerber Creek in 
the Bonanza mining district, Burbank (1932, p. 11) 
reports the following fossils from the lower limestone 
member (!Ianitou dolomite of present usage) of the 
Tomichi limestone of Crawford (1913) :sponge, cystid 
columnals, crinoid columnals, orthoid brachiopod 
(probably referable to Taffia), Diphragm.oceras? sp., 
H elicotoma sp., and l-1 orrnotoma sp. At Fossil Ridge, 

about 6 miles west of the Garfield quadrangle, ¥T orces
ter (Crawford and Worcester, 1916, p. 56) repor~ed the 
following fossils from the lower part of the Y ul ~ lime
stone (Manitou dolomite of present usage) : Dalmanel
la f. D. testudina:ria (Dahnen) ?, D. hamburgent3is 
Walcott, Reticularia sp. ( ~), and Lingula sr. ( ~). 
Johnson ( 1944, p. 319-320) obtained the following fos
sils from the same ridge above Boulder Lake, cystoid 
plates and columnals, M anorthis hambu,rgensis (W al
cott) , cross sections of small, low spiral gastr0pods, 
fragments of a brachiopod suggesting a Dalmanella, 
and possible algal growths. 

HARDING QUARTZITE 

The Harding quartzite, of Middle Ordovician age, is 
a relatively thin formation, but it extends the entire 
length of the belt of Paleozoic rocks. The rock is a 
useful horizon 1narker in the section of predmninant 
limestone and dolomite between the Sawatch and Bel
den formations, even though it is poorly expcsed at 
places and can be traced only by float fragments. Many 
mining men unfortunately refer to this formation as 
the "Parting quartzite," although it is not equivalent 
to the Parting quartzite Ineinber of the Chaffee forma
tion so well known in the Leadville region. 

The thickness of the Harding reaches a maximu1n of 
about 38 feet in the Monarch district and de~reases 
toward the northwest to about 10 feet in the ~incup 
district. All but the lower beds was rmnoved by erosion 
before deposition of the Fremont dolomite in tl·~ area 
between Quartz Creek and the north border of the 
quadrangle. Slightly irregular unconformabl~ sur
faces separate the Harding from the underlying Mani
tou and overlying Fremont formations. 

The Harding is almost entirely a quartzite and is 
white, pink, brown, gray, or bluish black. Weathered 
surfaces are usually pink or brown and commonly show 
small blotches of hydrated iron oxide. Grain size 
ranges from fine to coarse, although Ineditun-g~~ainecl 
rock predominates. Most of the quartzite, pa~ticularly 
northwest of the Tomichi district, shows a character
istic sprinkling of coarse rounded quartz grains in an 
otherwise fine- to 1nedium -grained rock. The lower 
part of the Harding, frmn Quartz Creek north to the 
map boundary, locally contains thin beds of sandstone, 
calcareous sandstone, and shale. The shale and cal
careous beds are 1nostly green or greenish gray. 

The best and thickest exposure of the Harding is 
along the South Arkansas River east o:f Garfield, where 
the following section was 1neasured : 
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Section of Ha'rd,ing quat·tzite three-qua1·te1·s of 
a mile east of Garfield 

Fremont dolomite. 
Unconformity. 
Harding quartzite: 

Quartzite, bluish-black, weathered surface brown to 
black, medium-grained, finely disseminated pyrite 
grains, beds 6 to 20 inches thick ________________ _ 

Quartzite, bluish-gray, slightly iron-stained surfaces, 
fine-grained, beds 8 to 26 inches thick ___________ _ 

Quartzite, white, vitreous, light-gray streaks and 
bands, chiefly medium-grained but some beds fine
grained and containing scattered rounded grains as 
much as 1¥.! mm. Rare shaly partings and shaly 
quartzite beds 1 inch or less thick. Beds 2 to 20 
inches thick ___________________________________ _ 

Quartzite, light bluish-gray, weathered surface gray, 
coarse-grained, beds 4 to 12 inches thick ________ _ 

Unconformity. 
Manitou dolomite. 

Feet 

11.0 

6.5 

17.5 

2.5 

37.3 

The Harding sandstone was first- na1ned and de
-scribed by Walcott ( 1892, p. 153) for sandstone and 
shale beds, then presumed to be of Silurian age, exposed 
in the Harding quarry at Canon City, Colo. In tho 
Monarch and Tomichi districts, the Harding quartzite 
was originally included with the beds ter1ned Tmnichi 
limestone by Crawford (1913, p. 57-59), but I\::irk 
(1930) has shown it to be correlated with the Harding. 
!(irk (1930) has likewise established· the age of the 
Harding at. Canon City and elsewhere in Colorado as 
Middle Ordovician. 

Fossil fish remains have long been kno,vn frmn the 
Harding (Walcott, 1892), and they occur at 1nany local
ities. In the Garfield quadrangle fragments of small 
fish plates are widely distributed, especially in the 
Tincup district. Quartzite rich in fish plates is well ex
posed in a ·small pit about 25 feet east of the old 
road to the El Capitan mine at a point 600 feet south
east of the mine. 

FREMONT DOLOMITE 

In the past the Fremont dolmnite of Middle and 
Late Ordovician age has been called the Frmnont lilne
stone. In the Garfield quadrangle the Fremont is a 
dolomite, and in this report will hereafter be referred 
to as the Fremont dolomite. It has about the same 
wide and patchy distribution as the Harding quartzite, 
·on which it rests unconfonnably. The Fremont is sepa
rated frmn the overlying Devonian Chaffee fonnation 
by an erosional unconfor1nity expressed by considerable 
local variation in thickness of the Frmnont, and locally 
by a slight angular discordance between the two for1na
tions. In the Monarch and Ton1ichi districts the thick-
11ess ranges from 100 to 135 feet and in the Tincup 

district, about 15 miles to the northwest, from 40 to 
100 feet. 0nly 15 feet is present in a section exposed 
near the base of a prmninent west-facing cliff 2,000 
feet south of Graphite Basin, or about 2 1niles so,Ith
east of the Tincup district. East of Whitepine, in the 
Tomichi district, the following thicknesses were m~as
ured: 117 feet on the 1nain tunnel level of the Akron 
1nine, 105 feet im1nediately west of the Breadwinner 
n1ine, and 135 feet on West Point Hill. 

The Fre1nont is characteristically a bluish-gray, 
somewhat 1nottled, Inassive, crystalline dolmnite which 
weathers clark gray. In places it is a pronounced cliff
n1aker. Most of the formation is highly dolomitized 
although at a few localities, particularly in the Mon
arch district, some layers are limy dolmnite or dolomitic 
li1nestone. Locally the basal few feet are sandy. :rr ear 
large igneous intruded bodies the rock has been m ~ta
Inorphosed to mediu1n- to coarse-grained, white to 
light-gray Inarble. Black chert nodules are rare. In 
the absence of fossils, isolated outcrops of Fremont 
dolomite are difficult to distinguish from those of the 
Manitou dolomite. The absence of chert, and a mottled 
light- to medimn-gray surface help to identify the Fre
Inont, but these criteria are not conclusive. 

The Frmnont dolomite was recognized in the Gar.!ield 
quadrangle by !(irk (1930, p. 457), Goddard (1936, 
p. 560) , and Johnson ( 1944, p. 322). It was included 
as the upper part of the Tomichi limestone by Craw
ford (1913, p. 56-61) in the Monarch and Tomichi dis
tricts, and following Crawford's nmnenclature, by P11r
bank (1932, p. 9-11) in the Bonanza district. In the 
Gold Brick district Crawford and Worcester (1916, 
p. 54) included the Fremont dolon1ite as the third 
unit in the lower fossiliferous member of their :-: ule 
liinestone. 

Fossils in a fairly well preserved state are rather 
common in the lower 60 feet. Crawford (1913, p. 60) 
obtained Receptaculites oweni and H alysites catenu
latus. Additional fossils collected during the pre2ent 
investigation fron~ the top of Monarch Hill are II aly
sites gracilis and Streptelas1na sp. 

CHAFFEE FORMATION 

The Chaffee for1nation, of Late Devonian age, is pres
ent wherever lower Paleozoic rocks are preserved. In 
most places the formation is rather poorly exposed, par
ticularly the upper part which is com1nonly conce\.tled 
beneath debris fron1 the overlying Leadville lin1estone. 
Erosional unconfonnities of low relief separate the 
Chaffee from the underlying Frmnont dolon1ite and 
the overlying Leadville limestone. 

The Chaffee formation is 150 to 250 feet thick in r1ost 
parts o£ the quadrangle except locally north of Quartz 
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Creek where all beds between the }fanitou and Belden 
are cut out by a channel of pre-Pennsylvanian age. A 
1naxi1nun1 of about 300 feet was found southeast of 
Monarch high on the northwest slope of Monarch Ridge 
near its northern encl. Rather abrupt changes in thick
ness are cmnmon. In a distance of about half a mile 

\ 

in the Whitepine •area the formation thins frmn 228 
feet in the Akron tunnel to 130 feet near the Bread
winner 1nine on Lake Hill. 

The Chaffee formation is lithologically the most 
varied of all the lower Paleozoic formations. The two 
1nembers, the Parting quartzite nwmber and the over
lying Dyer dolomite member, recognized at most places 
in the Sa watch and Mosquito Ranges, can be separately 
distinguished in the Garfield quadrangle _but they are 
poorly defined. At every loeality where thicknesses 
could be determined, the Dyer member is thicker than 
the Parting member. 

The Parting quartzite member consists chiefly of 
light-gray dolomitic limestone with subordinate beds 
of dolmnite, limestone, shaly limestone, limy shale, 
shale, dolomitic or lin1y sandstone, and quartzite. Lo
cally the carbonate beds have been metamorphosed to 
1narble. The individual beds are shades of red, green, 
brown, or gray~ but a tan or light yellowish-brown color 
on weathered surfaces is a characteristic feature of the 
Parting and of the overlying Dyer as well. The lithol
ogy varies considerably within short distances; indi
vidual beds are lenticular, and the rocks intergrade. The 
basal10 to 15 feet at most places consists of alternating 
thin beds of greenish to reddish shale and limestone or 
shaly limestone. In the Tincup district this basal unit 
contains much red shale and is known to prospectors as 
the Fairview shale (Hill, 1909, p. 35-36). Overlying 
the basal shaly unit are beds that range greatly in lithol
ogy frmn place to place but consist chiefly of dolomite~ 
dolomitic limestone, or limestone containing one or more 
"sandv beds." The "sandv beds" may be represented 
by qu~rtzite, sandy lin1esto~e, sandy dolomite, dolomitic 
sandstone, or limy sandstone, all of which are usually 
crossbedded. Individual beds range from a few inches 
to as much as 30 feet thick, although the hard quartzite 
beds are generally thinner and have a maximum thick
ness of about 10 feet. The "sandy beds" are less abun
dant in the northern half of the mapped area than in the 
southern part, and more of them are in the form of 
quartzite. The top of the Parting member is placed at 
the top of the highest prominent "sandy bed." 

The Dyer dolomite member consists chiefly of dolo
mitic limestone with subordinate limestone~ and minor 
pure dolomite, and rare sandy and shaly material in thin 
beds, lenses, or streaks. From Middle Quartz Creek 
north through the Tincup district the basal bed of the 

Dyer is a mottled gray, slightly pinkish, granular lime
stone generally rich in brachiopods and crin6cl stems. 
The beds above this are thin-bedded dolmnite, dolomitic 
limestone, or lin1estone beds that contain locally a few 
scattered small nodules or thin lenses of chert. 

The best exposure :found is about 200 feet nor~heast of 
the El Capitan mine, in the northern part of the Tincup 
district, where the following section was measured: 

Section of the Chaffee formation, Tincup district 

Leadville limestone. 
Unconformity. 
Chaffee formation : 

Dyer dolomite member : Feet 
Limestone light- to medium-gray, beds commonl.r 

ranging from lAs to 1% inches thick, weathered 
surface buff, local calcite seams and patches____ 38 

Dolomitic limestone, light- to medium-gray, l ·?ds 
commonly ranging from ~ to 1 inch thick, 
weathers to buff-colored wavy plates____________ 60 

Limestone, mottled gray and sligl1tly pinkish, 
granular, abundant brachiopods and crir'lid 
stems________________________________________ 17 

Total Dyer _________________________________ 115 

Parting quartzite member : 
Limy quartzite, white with much pink and brown 

stain, crossbedded----------------------~----- 10 
Dolomitic limestone, light pinkish-gray, fir.~ly 

crystalline, weathered surface has pronounced 
buckskin color. Chiefly based on float frag
ments; ·lower part mny contain thin sandy 
beds_________________________________________ 40 

Interbedded shale and limestone ; pink, red, and 
grayish-green shale and gray limestone, beds 
commonly *6 to 1h inch thick__________________ 15 

Total Parting______________________________ 65 

Total Chaffee______________________________ 180 
Unconformity. 
~-...remont dolomite. 

The beds assigned to the Chaffee formatio1l in the 
Garfield quadrangle are regarded as of Late Devonian 
age (l{irk, 1931). This assignn1ent is based upon 
paleontology, lithology, and stratigraphic position com
pared with other sections in Colorado. l{irk (1931, p. 
232) and Johnson ( 1944, p. 329-330) had previously 
recognized Chaffee rocks in parts of the quadrangle. 
The Chaffee for1nation of this report corresponds to 
the lower part of the Ouray limestone as used by Craw
ford (1913, p. 62) in the Monarch and Tomichi dis
tricts, being equivalent to his units 1 through 9 and part 
of unit 10. 

~fost of the formation is devoid of fossils, but two 
fossiliferous limestone beds are present locall,r. The 
most fossjliferous one (locs. 2 and 3 in tr,ble be
low) lies at the base of the Dyer member in the r0rthern 
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half of the n1apped area. The other (loc. 1) is in the 
Monarch district in the Parting mmnber about 30 to 
40 feet above the base. Fossils collected in the Gar
field quadrangle by various me1nbers of the field party 
were submitted to P. E. Cloud, Jr., of the Geological 
Survey, who 1nade the identifications given in the table 
below. Cloud (written comn1unication) stated that 
they are very probably of Late Devonian age although 
the poor preservation of the fossils is quite inadequate 
for purposes of close identification and age determi
nation. 

Inverrebrate fosr:dls from the Chaffee fonnaUon 

Locality 

1 2 3 

Zaphrentis-like cup coral fragment____________ X X X 
Pelmatozoan joints ______________________________ X X 
Fragmentary starfiHh _________________________________ X 
Echinoderm fragments_______________________ _ _ _ _ _ _ _ _ X 
Trepostomatous bryozoan ____________________ X _______ _ 
Bryozoan fragments_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X 
Camarotoecht:a cf. C. contracta (Hall) _ _ _ _ _ _ _ _ _ _ _ X _______ _ 
Paurorhyncha endl£chi (Meek)_________________ X X ___ _ 
Paurorhyncha? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X 
Cyrtospinfer cf. C. anirnasensz:s (Girty) _ _ _ _ _ _ _ _ _ X _______ _ 

sp- - - - -- - - -- -- - -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - X 
Unidentifiable spirjferoid brachiopod__ _ _ _ _ _ _ _ _ _ _ _ _ _ X 
Fragments of unidentifiable brachiopods____________ X X 
Ath yn:s sp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ 
Bchuchertella? _ _ _ _ _ _ __ __ __ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ X _______ _ 
Productella?_________________________________ X _______ _ 
Bchizophoria? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X 
Coiled cephalopod___________________________ _ _ _ _ _ _ _ _ X 

LOCALITY 1. Northwest slope of Monarch Ridge, about 700 feet northeast of the 
Eclipse No.1 mrne. 

2. Duncan Hill, about 200 feet nmtheast of El Capitan mine, Tincup 
district. 

3. Top of mountain south of Halls Gulch, west-central part of quadrangle, 
at center of sec. 35, T. 51 N., R. 81 W. 

LEADVILLE LIMESTONE 

The Leadville limestone of Mississippian age is pres
ent in almost all preserved sections of the Paleozoic 
rocks except at the site of the pre-Pennsylvanian chan
nel north of Quartz Creek. In 1nany places it is a 
pronounced cliff1naker, particularly the lower part .of 
the formation. The Leadville rests unconformably on 
the Chaffee fonnation, and its contact with the over
lying Belden shale is an erosional unconfonnity locally 
1narked by irregular karst topography that developed 
before deposition of the Belden. This karst surface is 
particularly well developed in the southern part of 
the Tmnichi district and is exposed in the workings 
of the Erie mine. On Lake Hill it is strongly indicated 
by the great local irregularity of the Leadville-Belden 
contact. 

The thickness of the Leadville is 200 to 300 feet at 
most places, although it ranges frmn about 350 feet 
in the Tmnichi district to zero north of Middle Quartz 

Creek. The variations in thickness are attributed to 
unequal erosion during the post-Leadville to pre-Bel'len 
time of erosion. In spite of the irregularity of the 
erosion surface, no angularity was observed between the 
Leadville and Belden fonnations; this contact, h':>w
ever, is generally heavily covered. 

The Leadville consists of limestone and dolomite vrith 
smne minor beds of dolomitic limestone, lilny dolmnite, 
and locally at the base, sanely or shaly beds. The color 
is predominantly gray or bluish gray, although some 
beds are nearly white, and others are black. The basal 
2 to 20 feet generally consists of thin beds of limestone 
or shaly limestone, locally with a sandy zone a few 
inches to 3 feet thick at the base. The basal unit i1.; 
overlain by massive beds of limestone or dolomite, the 
lower 50 feet of which generally contains one or more 
layers of depositional breccia. 

In the Monarch district the Leadville limestone 
forms a dip slope on 1nost of tire northwest side of 
Monarch Ridge at its northern end. The approxin1ate 
Chaffee-Leadville contact can be deter1nined within a 
few feet on a s1nall nose of the ridge at an altitude 
of about 11,400 feet and about 2,000 feet north~est 
of the Delaware mine. Here the basal Leadville con
sists of a few feet or less of light-gray dolomitic lime
stone eontaining sanely lenses. This is overlain by 
about 40 feet of black dolomite or limy dolomite that 
yields a strong fetid odor to the freshly broken r~1ck. 
The dolomite is finely to coarsely crystalline, cherty, 
and locally contains light and dark patches of "zel'"f'a~' 
type banding. At lower altitudes on Monarch Ridge, 
the black dolomite is seen to be overlain by a gray, dense, 
pure li1nestone averaging about 100 feet in thickness. 
Above this is 12 to 18 feet of light-gray cherty dolo
mite and then about 20 feet of black, cherty, crystalline 
li1nestone and clolmnitic limestone. The top 85 to 100 
feet of the Leadville is a white and gray, somewhat 
1nottled, dolmnite or lin1y clolmnite locally contairing 
abundant black chert nodules and lenses. 

In the Tincup district about 15 1niles northwes:l:- of 
Monareh, the Leadville has the sa1ne general lithologic 
eharacteristies as at 1\fonarch; liinestone predominates 
in the lower half of the formation, and dolomite vrith 
local cherty layers is 1nore cmnmon in the upper half. 
However, individual beds of the Monarch district can
not be reeognized with eertainty at Tincup, nor ~wen 
just aeross the Continental Divide from the Monr,rch 
district in the Tomichi district, where 1nost of the Lead
ville has been meta1norphosed to coarse 1narble. 

For many years the early workers in neighboring 
areas included the Devonian lilnestones and dolomites 
with the Mississippian rocks, but !{irk (1931, p. 239) 
later separate,d thmn into the Chaffee formation and 
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Leadville limestone, the terminology used in this report. 
The Leadville corresponds to the upper part of the 
Ouray limestone as recognized by Crawford (1913, p. 
62) in the Monarch and Tomichi districts. 

Two richly fossiliferous zones were found in the 
Leadville. One is about 50 feet above the base and 
is particularly conspicuous in the northern part of the 
quadrangle on Duncan Hill where it locally contains 
abundant horn corals. The other, also locally rich 
in horn corals, is about 150 feet higher stratigraphi
cally and is in the southeast part of the quadrangle. 
Fossils of this higher zone are particularly abundant in 
a black granular dolomite bed exposed on Lake Hill200 
feet west of the David H. mine. The table below 
gives the fossils collected in the quadrangle by the mem
bers of the field party and identified by James Steele 
Williams and Helen Duncan of the Geological Survey. 
Miss Duncan (written communication) states that most 
of the corals are f.ragmentary, that structures have 
been altered or obliterated by recrystallization and 
corrosion, and that most of the species and some of 
the genera are indeterminate, but the general aspect is 
Carboniferous. She further states that the specimens 
of Oaninia appear to belong to a group of consider
ably more specialized species than has hitherto been 
observed in the lower Mississippian rocks of this con
tinent, although species showing a similar degree of 
complexity are known from the lower part of the lower 
Carboniferous in other parts of the world. 

Invertebrate fossils from the Leadville limestone 

Locality 

1 2 3 

Zaphrentoid corals_______________________________ X X 
Caninia sp. indet__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X 
Syringopora aculeata (Girty) ______________________ X 

surcularia (Girty) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X 
Spirifer centronatus (Winchell) ________________ X _______ _ 

sp. indet_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X ___ _ 
Composita sp________________________________ X _______ _ 

LOCALITY 1. Top of Duncan Hill, Tincup district; collected 15 feet above base. 
2. East slope of Duncan Hill, Tincup district; collected 5~ feet above base. 
3. Lake Hill, 200 teet west of David H. mine, Tomichi district; collected 

about 200 feet above base. 

BELDEN SHALE AND MINTURN FORMATION 

The rocks of Pennsylvanian and Permian(~) age as 
designated on the geologic map (pl. 1) are correlated 
with the Belden shale and Minturn formation as recog
nized by Tweto ( 1949) in the Pando area, about 15 
miles north of Leadville. When the field work was be
gun, nomenclature of the Pennsylvanian and Per
mian ( ~) rocks of west-central Colorado was in a state 
of confusion, and as the generally poor exposures and 

incomplete sections in the Garfield quadrangle afforded 
an inadequate basis for subdivision, all the Pal~ozoic 
rocks above the Leadville limestone were mapped as a 
unit. 

Although the Belden and Minturn were not mapped 
separately, it was nevertheless possible almost every
where to recognize a lower division, the Belden shale~ 
consisting chiefly of shale and limestone; and an upper 
division, the Mipturn formation, consisting predomi
nantly of clastic rocks, such as quartzite, grit, conglom
erate, and micaceous and sandy shales. In tl <:\ Mon -
arch and Tomichi districts Crawford (1913, p. 66-70) 
used the term "Garfield formation" for the lower 2,600' 
to 2,800 feet of the Pennsylvanian section and applied 
the term "Kangaroo formation" to the uppermost 3,000· 
feet of beds. In the present usage, the Belden shale· 
corresponds to the lower 1,100 feet of Crawford's Gar-
field formation, and the Minturn formation corre
sponds to the rest of the Garfield and all of the Kanga
roo formation. The Minturn attains a maximum thick
ness of about 4,000 feet which gives a total thick
ness of about 5,100 feet for the Pennsylvanian and 
Permian ( ~) rocks, or 700 feet less than Cr3 wford's 
total. Crawford estimated a total maximtun thickness 
of about 5,800 feet, which, considering the uncertain 
and variable factors involved in the measure:'llent of 
these beds, is not too great a divergence from the 
thickness given in the present report. 

Belden shale.-The Belden shale is poorly exposed,. 
particularly in the lower half, and it generally forms 
smooth grass-covered slopes. Almost everywhere the 
Belden lies on an uneven erosion surface on the Lead
ville limestone; in the Tomichi district this is hcally a 
karst surface. North of Middle Quartz Creek the Bel
den shale lies on the Manitou dolomite over a distance 
of about three-quarters of a mile. Here the Devonian 
and Mississippian rocks are believed to have been 
eroded along an old river channel. The Belden, in the 
quadrangle, attains a maximum thickness of about 1,100 
feet. About 25 miles northeast of Garfield net~l' Trout 
C'reek Pass the Belden shale (Weber formation ( ~) ) at
tains a thickness of about 1,725 feet (Gould, 1935, p. 
977, and Brill, 1944, p. 625). 

The Belden consists typically of dark carbc"'laceous 
argillite or shale, thin beds of dark limestono, and a 
relatively few beds of quartzite, limy shale, ar~ shaly 
limestone. At most places three fairly distinn.t units 
(lower, middle, and upper) can be recognizei. The 
lower unit, 200 to 500 feet thick, consists chiefly of dark 
shale or argillite. At most places the basal 5 to 35 feet 
of the lower unit is chiefly or entirely coarse quartzite 
with local conglomeratic beds or lenses, althor,gh in a 
few places medium-grained quartzite or dark shale 
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rest directly on the Leadville limestone. The n1iddle 
unit, 400 to 700 feet thick, consists chiefly of lime
stone and shale in which either one or the other 
may predominate. The upper unit of the Belden, about 
200 feet thick, contains 1nore quartzite than the under
lying beds. It grades into the overlying Minturn for
mation, and the contact is rather arbitrarily placed 
where quartzite and micaceous shales of the Minturn 
exceed limestone and shale of the Belden. 

The shale of the Belden is typieally dark gr·ay to 
blaek, carbonaeeous, and commonly contains s1nall 
grains of mareasite. It ranges fron1 a fairly soft fissile 
shale to a fairly hard argillite. Weathered surfaces are 
characteristiea1ly buff to reddish brown, and many are 
slightly pittecl. Although some limestone beds are gray 
to bluish gray, most are clark gray. Weathered sur
faces are light to 1nedimn gray. Individual beds n1ay 
be a few inches to as 1nuch as 30 feet thick; some are 
massive, but others show bedding. Rocks gradational 
from shale to limestone, such as limy shale and shaly 
lin1estone, are present locally, but they are not nearly 
so common as limestone or shale. True sandstone is 
very rare but quartzite oeeurs throughout the Belden, 
partieularly in the upper few hundred feet. Except 
for the quartzite at the bas.e of the Belden, which 
is generally coarse-grained, 1nost of the quartzite is 
n1edium-grained. Color ranges fron1 dirty white to 
nearly blaek, although 1nost of the roek is gray, brown, 
or greenish brown. Beds comn1only range in thiekness 
from 1 to 6 feet, but some are only a few inehes thick 
and others are as much as 10 feet thiek. Many are 
crossbedded. Some quartzite beds are graphitic, some 
are arkosic or 1nicaceous, and a few are gritty. In addi
tion to the common metamorphism of sandstone to 
quartzite and shale to argillite, many beds, partieularly 
those near large intrusive bodies, have been converted 
into hornfels, epidote-garnet rock, 1narble, and graphite 
or graphitic shale. 

'Afint1.trn fm·'!nation.-The Minturn formation has 
been eroded from n1ost of the Garfield quadrangle, but 
patehes remain in three widely separated areas: north
west of Garfield in the vicinity of Kangaroo Gulch~ 
high on the 1nountain about 1 mile south of the junetion 
of Middle and North Quartz Creeks, in the extreme 
west-central part of the quadrangle; and high on the 
west slope of the Continental Divide a few miles south
east of the Tineup district. Not 1nore than 1,000 feet 
of Minturn re1nains in the Quartz Creek and Conti
nental Divide areas, but in the region northwest of 
Garfield at. least 4,000 feet is preserved in a faulted 
syneline. Outerops are few, and individual beds can 
rarely be followed more than a few hundred feet. The 
thiekest part of the Minturn extends from the upper 

part of Taylor Gulch, due north of Garfield, westward 
to Columbus Gulch, where the sedimentary rocks are 
cut off by the ~1ount Princeton batholith. Becau~e in 
most of this area there are wide talus slopes and few 
outerops, little can be seen of the 1\tlinturn formation,. 
and only a rough approximation of the thicknes:: can 
be made. 

The Minturn formation consists principally of 
quartzite and shale, with quartzite predominant. Most 
individual beds are between 2 and 20 feet thick, but some 
are as n1uch as 50 feet thick. The quartzite is gene~ally 
gray, with shades of brown or green, and is mostly 
coarse grained, although grain size locally varies fron1 
fine to very coarse. Many of the quartzites contain 
feldspar and white mica. Some of the more strongly 
metamorphosed quartzites show a pronounced fine b'"',nd
ing or braiding due to the segregation of biotite along 
bedding planes, and the roek then resembles schist or 
gneiss, particularly on weathered surfaces. Sotr. e of 
the original sandstones were undoubtedly calcareor~, as 
is indieated by calcimn-bearing n1etamorphic min~rals 
in some quartzites. A few beds are conglomeratic; the 
pebbles are mostly quartz or granite and range from a 
fraction of an inch to about 4 inches in n1aximu1n dimen
sion. These conglomeratic beds, although nowhere 
abundant, are mostly confined to a zone 800 to 1,10C feet 
above the base. Most of the shale has been converted to 
argillite whieh is typically fairly hard and dark gray 
or blaek. A few bluish-gray or dark-gray limefi:one 
beds oecur locally. Other rocks locally present include 
shaly li1nestone, limy shale, and miC"c:tceous shale. 1\fany 
beds, probably originally shale, have been metamor
phosed to hard, flinty hornfels. 

It is noteworthy that maroon or reddish beds typical 
of parts of the Pennsylvanian and Permian rocl~s in 
most of Colorado are not present in the Garfield quad
rangle. This probably merely reflects metamorpl,ism, 
however, since the bleaching of reddish rocks to grr.y or 
green tones is one of the first metamorphic effects on 
redbeds. 

Fossils and age.-No fossils were found in the Min
turn formation, but in the Belden shale fossils, espe
eially brachiopods, occur in limy shale, shale, or lime
stone beds at a number of places, particularly ir the 
Monarch district on the southeast face of Syncline Hill 
at an altitude of about 10,250 feet; in the 'fomichi dis
trict near the top of Lake Hill ; and in a s1nall ravine in 
the Tincup district a few hundred feet east of the s~all 
lake on Middle Willow Creek about 1,800 feet north of 
the lower Gold Cup mine workings. The fossil horizon 
on Syncline Hill is about 700 feet above the base of the 
formation, and on Lake Hill about 250 feet. The beds 
on Middle Willow Creek are probably several hundred 
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feet above the base of the formation, although an accu
rate determination is not possible because the shale is in 
intrusive contact with Tincup quartz monzonite 
porphyry. Fossils probably occur in some of the lime
stone or shaly beds of the Minturn formation, but these 
beds are poorly exposed, and at n1any places fossils may 
have been destroyed during metamorphism. 

The table below lists the fossils collected in the Gar
field quadrangle during this investigation. Mackenzie 
Gordon, Jr., of the Geological Survey identified them. 

Invertebrate fossils from the Belden Shale 

Locality 

1 2 3 

Conularia SP-------------------------------- X _______ _ 
Polypora sp. indet_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X 
Orbiculoidea sp __________________________________ X ___ _ 
Spirifer sp., possibly S. occidental is (Girty) _ _ _ _ _ _ _ _ _ X ___ _ 
Crurithyris sp. indet _________________________________ X 
Chonetes (Lissochonetes) geinitzianus (Waagen) _ _ X _______ _ 

(Lissochonetes?) sp. indet _________________________ X 
Productus (Dictyoclostus) coloradoensis (Girty) _ _ _ X _______ _ 

(Juresania) nebrascensis (Owen)?---------- X _______ _ 
llfarginzfera ingrata (Girty) ___________________________ X 
Brachiopod fragments and spines, indet_ _ _ _ _ _ _ _ X _______ _ 
N uculopsis? sp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ __ _ 
Leptodesma? sp ______________________________ X _______ _ 
Schizodus sp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _______ _ 
Aviculopecten sp _______ .:. _____________________ X ____ X 
Pelecypod fragments, indet ___________________ X X ___ _ 
Volsella? SP--------------------------------- ____ X ___ _ 
Pleurophorus? sp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ __ _ 
Aclisina? SP-------------------------------- ____ X ___ _ 
Gastropod fragments, indet ___________________ X _______ _ 
Pseudorthoceras? sp __________________________ X _______ _ 

LocALITY 1. Southeast face of Syncline Hill, Monarch district; collected at altitude of 
about 10,250 feet. 

2. Float fragments near above locality, and probably from beds a few feet 
higher stratigraphically. 

3. Middle Willow Creek, Tincup district. 

According to Gordon (written communication, 
1950), the fossil assemblage appears to be typical of the 
Belden shale and suggests a middle Pennsylvanian or 
older age, although he states that most of the Pe1m
sylvanian fossils are long ranging and it is relatively 
difficult to subdivide the Pennsylvanian stratigraphi
·cally on a faunal basis. 

Since no definitely recognizable fossils were found 
in any of the Minturn rocks, it is impossible to de
termine the exact age. Most, if not all, of the Minturn 
is thought to be Pennsylvanian in age although some 
of the upper beds may be Permian. 

MESOZOIC SEDIMENTARY ROCKS 

Sedilnentary rocks of Mesozoic age are restricted to 
an area of about 4 square miles in the extreme south
western part of the quadrangle. They include three 
formations : the Morrison formation of Late Jurassic 
age, the Dakota sandstone of Early and Late Cretaceous 

age, and the Mancos shale of Late Cretaceous age. The 
Mesozoic rocks of this area form the border of a much 
larger mass that rests on granite and schist of pre
Cambrian age. The geologic n1ap of Colorado (Bur
bank, Lovering, Goddard, and Eckel, 1935) shows a 
northw-est-trending belt of Paleozoic rocks betvreen the 
Morrison formation and the pre-Cambrian gr1.nite in 
the southwestern part of the Garfield quadrangle, but 
the present investigation has shown that this br 1t is ab
sent and that the Morrison for1nation rests dir<::ctly on 
the pre-Cambrian granite. The nearest locality where 
rocks of Mesozoic age rest on Paleozoic units is prob
ably northeast of Almont, about 20 miles nortl'west of 
the southwestern corner of the Garfield quadrangle. 

Along the northeastern border of the area of ]~esozoic 
sedimentary rocks within the Garfield quadrargle, the 
beds strike northwest and dip 40° to 85° SW., ayeraging 
about 55°. The northwestern part of this area is a 
northwest-trending syncline which passes beyond the 
limits of the map. 

MORRISON FORMATION 

The Morrison formation consists of interbedded 
sandstones, shales, and limestones. The beds weather 
readily, and outcrops are few. The sandstones are 
typically fine- to medium-grained and a dirty white 
color. The shales are 1nostly greenish or reddish. The 
limestones are yellowish to gray. No fossils were 
found, but the lithology is typical of the Morrison for
n1ation as exposed at many places farther west. The 
Morrison appears to range from 250 to 375 feet in thick~ 
ness, although accurate determinations could not be ob · 
tained. 

DAKOTA. SANDSTONE 

As the Dakota sandstone is a resistant forn1ation 
underlain and overlain by 1nuch softer beds, it for1ns 
hogbacks throughout 1nost of its extent. Thr, forma
tion is cmnposed chiefly of light-gray, crofsbedded 
quartzose sandstone or quartzite. Most weathE.red sur
faces are stained light brown to reddish brown. A con
glomerate as n1uch as 15 feet thick is present loeally 
at the base, and 1nany of the lower. beds contain lenses 
or thin beds of conglomerate a few inches thick in an 
otherwise 1nedimn-grained rock. The upper part of 
the formation is poorly exposed, generally being cov
ered by a thick layer of talus. Float fragments and 
a few small exposures indic~e that it consists princi
pally of gray sandstones, although a few sh~le beds 
may be present, as they are not uncommon in the upper 
part of the Dakota in this region. A bed of purplish
gray sandstone about 1 foot thiek in the upper part of 
the Dakota contains abun<lant weathered feldspar 
grains scattered among medium-sized quartz grains. 
The thickness of the Dakota formation eould not be 
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deter1nined with certainty because of the broad and 
thick belt of talus on the southwest side of the out
crop belt, but it is probably 150 to 200 feet. The thick
est continuous exposure observed is 110 feet; it is on 
the northwest side of Eldorado Gulch. 

MANCOS SHALE 

The lVIancos shale occupies most of the area of Meso
zoic rocks. It weathers easily and forms low, sn1ooth 
and relatively gentle slopes. The beds are exposed 
only at one place (the NW1;4 sec. 12, T. 49 N., R. 4 E.) 
in the quadrangle, where a small cut near the base of 
the forn1ation exposes a few feet of gray shale. Only 
the lower few hundred feet of the forn1ation is present 
in the quadrangle, and these beds, as determined by 
float fragments, consist of light- to medhun-gray shale 
and limy shale. A few 1niles southwest of the quad~ 
:rangle formations equivalent to the Mancos shale (Ben
ton shale, Niobrara formation, and Pier.re shale) at
tain a maximum thickness of about 2,200 feet (Stark 
and Behre, 1936, p. 103). 

TERTIARY INTRUSIVE ROCKS 

A great succession of intrusive rocks of probable 
early Tertiary age occ.upy a larger area than any other 
group of rocks in the quadrangle. They form stocks, 
chonoliths, si1ls, dikes, and one small batholith of 
Mount Princeton quartz monzonite. The batholith ex
tends within the quadrangle (pl. 1) from Whitepine 
north 15 n1iles to the boundary; north of the quadrangle 
it extends about 7 miles north to a point a few miles 
west of Buena Vista (Burbank, Lovering, Goddard, and 
Eckel, 1935). The smaller intrusive bodies, whose total 
combined areal extent is far less than that of the batho
lith, are chiefly clustered around the Tincup district or 
in a belt several miles wide that extends frmn the north
ern part of the Tomichi district northeast for about 8 
1niles to the eastern border of the quadrangle (pl. 1) . 
Reconnaissance exa1ninations by the writers west and 
north of the Tincup district and Crawford's n1apping 
(Crawford, 1913, pl. 2) east of the quadrangle along 
Browns Creek have established that many of these 
smaller intrusive bodies extend several miles beyond th~ 
boundaries of the quadrangle. All the intrusive rocks 
of the Garfield quadrangle are part of a much larger 
group of intrusive bodies that are exposed at n1any 
places in western Colorado, particularly in the mineral 
belt that extends from the San Juan Mountains north
east for about 200 miles to the tungsten district west of 
Boulder. The Garfield region, near the 1niddle of this 
belt, is believed to be one of the local cen:ers of intru
sion of which there were probably many. 

Excluding the dike rocks, 11 distinctive types of in
trusive bodies occur in the Garfield quadrangle. The 

relative ages of mast of these bodies are clearly shown 
by crosscutting relations, by inclusions of one rock ir the 
other, or by relation to major periods of faulting. The 
order of emplacement was: quartz diorite porphyry, 
Tincup quartz Inonzonite porphyry, rhyolite, quartz 
diorite, gneissic quartz monzonite, Mount Pomeroy 
quartz monzonite, andesite, Mount Princeton quartz 
monzonite, Mount Antero granite, quartz latite por
phyry, and Mount Aetna quartz n1onzonite porphyry. 
The above names, based on the composition of the rocks, 
indicate that the rocks range in composition from I+yo
lite to andesite, although many are quartz monzonites; 
a summary of the cmnposition is described in more de
tail under the heading of variation in con1position. 
Textures range fron1 aphanitic and fine grained in the 
rhyolite, andesite, and latite to coarse-grained gnejssic 
quartz monzonite, although 1nedium grain size pre
dominates. Six of the 11 intrusive rocks are markedly 
porphyritic, but son1e others, notably the Mount Prince
ton quartz monzonite, are mostly equigranular vrith 
only porphyritic facies. 

The dikes range in thickness from a few inche2 to 
about 1,000 feet, and in length from a few feet to one 
about 9 1niles (dike along upper Chalk Creek valley), 
although n1ost are 2 to 3 feet in thickness and 501 to 
1,000 feet in length. Monzonitic and latitic dikes are 
the n1ost abundant types, although a few are rhyolite 
or lamprophyre. Porphyritic texture is com1non to 
nearly all the dikes. 

The age of the intrusive igneous rocks, as well as that 
of smne younger extrusive igneous rocks to be described, 
is given under "age of igneous rocks" on page 33. 

QUARTZ DIORITE PORPHYRY 

Quartz diorite porphyry is exposed in the Tincup 
district where it forms a small stock and a larger, some
what sill-like, irregular body. The stock, the soutl'9rn 
body of this porphyry shown on plate 1, is pear shaned 
and about 3,000 feet long with a 1naximu1n widtl' of 
about 2,000 feet at its southern end. The northern mass 
of porphyry extends in a northerly direction as ar ir
regular belt nearly 2 n1iles long, and attains a maxi
mum outcrop width of 1,300 feet. It thins to the north 
and probably pinches out a short distance beyond where 
it disappears beneath glacial moraine. Outcrops are 
rare, and no definite eontacts are exposed at the surface, 
but the position of the porphyry body can be locr.ted 
fairly elosely by float fragments except along the steep 
west slope of Duncan Hill, where the contact of the 
porphyry with the Manitou dolomite is concealed for 
a long distance by talus from the higher body of 
porphyry to the east. Infol'lnation obtained from n1ine 
workings and the relation between the trend of the con
tact and topography, as contrasted with the same rela-
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tions of bordering formations, disclose that the por
phyry body dips steeply east or northeast, although 
locally the dip is concordant with the bedding of the 
Paleozoic strata. 

The fresh quartz diorite porphyry is typically a 
medium-gray to greenish-gray, fine-grained rock in 
which white feldspar and dark hornblende phenocrysts 
are conspicuous. Weathered surfaces are light brown 
to dark reddish-brown, and chlorite is common along 
fracture surfaces. The phenocrysts generally consti
tute one-third to one-half the rock, although locally 
they are sparse. They are mostly dull to shiny white 
feldspar occurring as subhedrons generally ranging 
from 2 to 6 mm long. Striations can be seen on many 
of these grains. Much less conspicuous and abundant 
are somewhat smaller phenocrysts of hornblende and 
rarely biotite; in a few facies almost the only pheno
cryst is hornblende. The groundmass is rather uni
formly fine grained, although in places it is of medium 
grain. Feldspar, hornblende, biotite, quartz, and an 
occasional small grain of sphene can generally be dis
tinguished in hand specimens. 

Microscopic examination of thin sections of the 
p~rphyry shows it to be porphyritic in varying degrees, 
With phenocrysts ranging from 0.15 to 8 mm long en
closed in a fine-grained hypautomorphic groundmass 
in which grain size commonly ranges from 0.2 to 1 mm. 
The most abundant mineral is plagioclase feldspar, 
averaging sodic andesine, but many grains, particularly 
the phenocrysts, show pronounced zoning and have 
cores of labradorite. Orthoclase was observed in all 
sections examined; it varies considerably in quantity 
but is not abundant enough to class the rock as a quart~ 
1nonzonite. Quartz, mostly in small anhedral grains, 
is widely distributed and copstitutes about 8 percent of 
the rock. Common green hornblende and brown biotite 
are present in variable amounts, although hornblende 
is usually predominant. Together they constitute 
about 15 to 20 percent of the rock. Biotite is generally 
in small frayed grains in the groundmass, although 
a few euhedral grains occur as phenocrysts. - Horn
blende occurs both in groundmass and as phenocrysts 
in the latter occurrence as subhedral blades comm~nl; 
ranging from 2 to 6 mm long. The accessory minerals 
are magnetite, apatite, and sphene. Magnetite occurs 
as irregular grains, rarely in small octahedra, and as 
a secondary mineral formed from biotite or hornblende. 
Chlorite, epidote, and sericite are alteration products 
present in minor quantity in most specimens. 

The quartz diorite porphry is probably the oldest of 
the Tertiary intrusive rocks, although conclusive evi
dence of its relative age was not found. Most, if not 
a 11, of the other Tertiary intrusions followed the major 

period of diastrophism that produced the northwest
trending Tincup-Morning Glim fault zone. In the 
West Gold Hill mine, however, fragments of quartz 
diorite porphyry have been dragged along h-.l}ding 
faults that are probably related to the Tincur thrust 
fault. The quartz diorite porphyry is thus earlier than 
many of the porphyries, but its relation to a few of 
the other early intrusive rocks, such as the Tincup 
quartz monzonite porphyry, the rhyolite, t1 nd the 
quartz diorite, is uncertain, as will be indicated in the 
discussions of these rocks. 

TINCUP QUARTZ MONZONITE PORPHYRY 

A quartz monzonite porphyry that differs markedly 
in physical characteristics from any other port:: hyry in 
the quadrangle occurs in five separate bodies along the 
west side of the quadrangle (pl. 1), from near the junc
tion of North and Middle Quartz Creeks northvrard for 
at least 9 miles to the north end of Duncan Hill, where 
it passes beneath glacial moraine. This quartz monzo
nite porphyry is here designated the Tincup quartz Inon
zonite porphyry from its type locality in a stock west 
of Napoleon Pass in the Tincup mining district (pl. 
2A) . The porphyry masses occur in several fortns, 
such as a stock, sills, a large tongue or wedge--shaped 
body, and as two small irregular bodies with exposed 
lengths of less than half a mile. 

The stock near Napoleon Pass is an oval-shaped body 
trending a little west of north with a width of about 1 
mile and an exposed length of about 3 1niles. Except 
locally along its southern and western borders, the 
stock is confined within the Belden shale and includes 
or partially surrounds many large and small areas of 
the shale. Most of the western border of the stock dips 
east and mnplacement here has clearly been cc•1trolled 
by the east-dipping beds of the Belden shale (pl. 1), 
particularly those beds lying immediately or a short 
di~ance above the basal quartzite. Here the p')rphyry 
occurs commonly, but not everywhere, in the form of 
sills. The southern and eastern contacts of the stock 
are probably crosscutting and dip steeply, altllough on 
these sides no reliable data could be obtained. 

One mile south of Cumberland Pass an easter1y trend
ing tongue or wedge-shaped body of porphyry 2 miles 
long cuts obliquely across the high ridge south of the 
Bon Ton 1nine. At its easternmost exposure, where it 
passes under glacial moraine, the thickness is a bout 500 
feet, but at the extreme western edge, where it leaves 
the quadrangle, the thickness is about 3,500 fr~t. The 
porphyry body dips steeply to the south, probably 65 ° 
to 85°. The quartz monzonite porphyry cuts gneissic 
granite of pre-Cambrian age and encloses many small 
bodies of granite which are too small to show on the 
geologic 1nap. The contact with the granite, although 
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very rarely exposed, is sharp and shows a narrow chill 
border of porphyry. The emplacement of this body 
of porphyry was controlled to a large extent by a pre
existing easterly trending fault or fault zone, as indi
cated by remnants of a faulted band of sedimentary 
rocks bordering the porphyry on its southwestern edge, 
and by a strong gouge and fracture zone in the granite 
exposed at the porphyry and granite contact in a small 
prospect pit on the north border of the porphyry body 
near its eastern end, at an altitude of about 11,500 feet. 

A sill of the Tincup porphyry is partially exposed for 
a length of 1% Iniles on the northeast slope of the 
Inountain immediately south of the confluence of North 
a.nd Middle Quartz Creeks. At the western edge of the 
quadrangle its thickness is about 600 feet,, but farther 
west the thickness is greater, according to Whitebread,2 

and in places the sill becomes irregular bodies· that cut 
the bedding of the sedimentary rocks at high angles. 

The Tincup quartz monzonite porphyry varies con
siderably in appearance from place to place, depending 
on the relative abundance of quartz phenocrysts as 
opposed to those of feldspar. The typical rock consists 
of very conspicuous phenocrysts of white feldspar, 
colorless to slightly smoky quartz, and less abundant 
dark hornblende in a light greenish-gray to grayish
green aphanitic groundmass. The phenocrysts gener
ally exceed the groundmass in volume and locally con
stitute 65 percent of the rock. Quartz phenocrysts com
monly range from 1.5 to 12 1nn1 long and occur chiefly 
as strongly corroded and embayed grains, whereas feld
spar occurs typically in subhedrons ranging from 1.5 
to 7 1nm long. Scattered blades and irregular grains 
of hornblende, n1ostly chloritized,·are everywhere pres
ent in grains slightly smaller than those of feldspar. 
A prominent variant of the porphyry occurring locally 
at or near the borders of the larger bodies contains 
larger and ~ore numerous quartz phenocrysts than the 
typical Tincup porphyry. Some of the phenocrysts are 
20 1nm long. They stand out conspicuously on weath
ered surfaces and give the rock the appearance of a 
pebbly sedilnentary rock, a feature which is empha
sized in a few places by a platy structure in the por
phyry. 

Microscopic exa1nination shows that an average of 
about 60 percent of the feldspar phenocrysts are sodic 
andesine, and the others are orthoclase. The ground
n1ass consists chiefly of microgranular quartz and ortho
clase ranging in size frmn 0.005 to 0.1 n1m. Most of 
the hornblende is altered to a fine-grained aggregate 

a Whitebread, D. H., 1951, Geology of the Pitkin area, Gunnison 
County, Colo. : Colo. Univ., master's thesis. 

of chlorite, epidote, n1agnetite, and sericite. All rryeci
mens examined contain a little apatite and a few con
tainl:nnall grains of pyrite. 

The Tincup porphyry of Tertiary age is prohably 
older than the Mount Princeton quartz monzonite be
cause it is cut by veins believed to be related to the 
Mount Princeton, and because indirect evidence Indi
cates the porphyry was locally emplaced along a fault 
th31t was formed before the intrusion of the M.ount 
Princeton batholith. This age relation is discuss~d in 
more detail under "Age of igneous rocks." The age of 
the Tincup in relation to porphyries older than the 
Mount Princeton is not known, but it, together with 
the quartz diorite porphyry, probably correlates in 
age with the first stage of porphyry intrusions in 
central Colorado, as suggested by Crawford (1924, 
p. 365-388). 

RHYOLITE 

A stock of rhyolite lies near the old town of ~T orth 
Star (pl. 5) about half a 1nile east of White pine, V7here 
it is poorly exposed over a distance of about 2,000 feet 
in two areas, one north and the other south of Galena 
Creek. The northern body is covered by 1noraine to the 
west and is cut off by the Star fault to the east; the 
southern body cuts the Manitou dolomite and is poorly 
exposed. The rhyolite is also exposed in the Akron tun
nel and some of the higher 1nine workings vertbally 
below the southernn1ost surface exposure. The .Akron 
tunnel cuts the rhyolite for a distance of 1,640 fee~, be
ginning about 1,750 feet east of the portal. The first 
200 feet is characterized by interfingering bodies of 
rhyolite and Mount Princeton quartz Inonozonite in 
which relative age relations are difficult to deter1nine, 
but about 200 feet farther east a dike of Mount Prince
ton quartz monzonite clearly cuts the rhyolite. 

The rhyolite is a dense, white to light-gray aphanitic 
rock locally containing a few scattered small quartz 
phenocrysts and, less com1nonly, some of biotite and 
feldspar. Most of the rock has been so strongly silici
fied, impregnated with small grains of pyrite, and 
stained with lilnonite that the original1nineral cmnposi
tion could not be determined. The rhyolite is highly 
shattered and weathers into small angular blocks whose 
surfaces are iron stained. 

Because the rhyolite is cut by the Star fault, it is older 
than this fault, which, in turn, is almost certainly a 
branch fault related to the major Tincup-Morning Glim 
period of reverse faulting. The rhyolite is cut by dikes 
of Mount Princeton quartz monzonite and is thus the 
older, but there are no data available to establish the age 
of the rhyolite relative to Tertiary igneous rocks older 
than the Mount Princeton qua.rtz 1nonzonite. 
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QUARTZ DIORITE 

Quartz diorite occurs in the southern part of the Gar
field quadrangle as five rather widely separated stocks 
ranging in length from 500 feet to a little more than a 
mile. The largest stock is a northeast-trending body 
about 6,000 feet long and 1,200 feet wide situated at the 
eastern edge of the quadrangle at Cree Creek, where it 
cuts crystalline rocks of pre-Cambrian age and is partly 
covered by moraine. A small stock of quartz diorite 
having a maximu1n length of 1,500 feet penetrates 
Silver Plume ( ~) granite on the southeast slope of 
Banana Mountain about 11nile west of Monarch. Near 
the head of Canyon Creek in the southwest part of the 
quadrangle are two small stocks about 500 feet across 
that stand out in bold relief, and a few thousand feet 
northeast is a larger body of quartz diorite on the west 
slope of Stella Mountain. This body intrudes the Silver 
Plume ( ~) granite and some of the lower Paleozoic 
strata and is in turn partly surrounded by Mount 
Princeton quartz monzonite. Although the contact of 
the quartz diorite and Mount Princeton quartz monzo
nite is not exposed, the Mount Princeton is the younger 
of the two, as indicated by inclusions of quartz diorite 
in the quartz monzonite near the contact. 

The typical quartz diorite is a fine- and even -grained, 
greenish-gray rock, with weathered surfaces dull 
brown or brownish gray. In most hand specin1ens 
white or gray feldspar, biotite, and an occasional 
grain of quartz are readily identified. The relatively 
large·content of biotite distinguishes the quartz diorite 
from the other Tertiary intrusive rocks in the Garfield 
quadrangle. In most of the rocks, grain size ranges 
from 0.5 to 1 mn1, but some facies, and particularly the 
stock on Banana Mountain, are somewhat coarser, hav
ing 1nany grains 2 to 3 mm long. Microscopic exami
nation of thin sections shows that the rock is typically 
even-granular, xenomorphic, and the most abundant 
mineral is andesine. Orthoclase is present everywhere 
but in 1nuch smaller amounts than the plagioclase. 
Small amounts of quartz are also present in all speci
mens exa1nined. Biotite, hornblende, and augite make 
up a large proportion of the rock. Their ratios vary 
somewhat, but biotite is generally most abundant. Ac
cessory n1inerals are apatite, zircon, sphene, and iron 
oxide, probably magnetite or ilmenite or both. 

The following table, taken from Crawford (1913, p. 
133-134), gives a chen1ical and actual mineral analysis 
of the quartz diorite from the stock at Cree Creek in 
the Monarch district (Lost ~fountain stock of Craw
ford). 

The only certainty about the age of the quartz diorite 
relative to the other Te~tiary intrusive rocks is that it is 
older than the Mount Princeton quartz monzonite, as 

was shown above. As a result of regional st•1dies, 
Crawford (1924, p. 365-388) concluded that the quartz 
diorite of the Monarch and Tomichi districts, as well 
as th31t in other small bodies in central Colorado, were 
the first rocks intruded after a period of large-scale 
folding and faulting. The large-scale faulting is ex
emplified in the Garfield quadrangle by the Tincup 
period of deformation. 

Chemical and rm:neral analysis of quartz diorite 

CHEMICAL ANALYSIS 
[R. M. Butters, analyst] 

Si02-------------
Al203---- --------
Fe203----------- - -
FeO _______ -------
MgO __ - - - - - - - - - - -
CaO ______ - - - - - - -
N a20 __ -- ------- - -
K

2
0 _____________ _ 

H20 - ----- - - - - - - -
H20 +------ -- -- --
Ti02------------
Zr02------------
P205-------------Cl ______________ _ 
MnO ____________ _ 

57. 39 
18. 26 

1. 58 
5. 10 
1. 51 
6. 52 
2. 78 
4. 59 
. 20 
.11 

1.11 
. 03 
.11 
. 05 
. 88 

100. 22 

CALCULATED MINERAL COMPOSITION 
[Rosiwal method, by R. D. Crrwford] 

Quartz______________ 13. 7 
Orthoclase___________ 18.9 
Plagioclase_ _ _ _ _ _ _ _ _ _ 39. 8 
Augite______________ 6. 0 
Hornblende__________ 4. 1 
Biotite______________ 15. 0 
Iron ore_____________ 2. 4 

99.9 

GNEISSIC QUARTZ MONZONITE 

Gneissic quartz monzonite occurs as a stock and sev · 
eral small bodies surrounded by younger Tertir,ry in
trusive rocks in the eastern part of the Garfield quad
rangle. The largest body e~tends frmn the south slope 
of Mount Aetna northeast for 5 miles to the boundary 
of the quadrangle and is about a mile ·wide near Sha v
ano (pl. 1) . This body is the western half of a large 
stock lying east of the quadrangle (Crawford, 1£\13, pl. 
II) that has been cut near its center (approximately at 
the quadrangle line) by an apophysis of Mount Prince-
ton quartz monzonite. On the geologic map, plate 1, 
two large inclusions of gneissic quartz n1onzonite in the 
quartz latite porphyry are shown on the east slope of 
Mount Aetna, and another l~rge inclusion in the quartz 
latite porphyry lies northeast of the summit of Clover 
Mountain on the Continental. Divide. About half a 
1nile southeast of Billings Lake, near the head of North 
Fork, an inclusion about 1,000 feet long in andesite 
consists of Palezoic sedimentary rocks intruded by 
gneissic quartz monzonite. 

The gne.issic quartz monzonite. crops out in many 
places and is especially well e.xposed in eliffs on the 
east-trending ridge north of Hunkydory Gulch. He.re. 
as at most other places, the weathered surfaces are 
stained reddish brown or buff. The gneissic stru~ture is 
evident in most outcrops. South of Shavano northeast 
strikes and 1noderate northwest clips pre.vail, but north 
of Shavano both strike and clip range widely (pl. 1). 

The typical gneissic quartz Inonzonite is a very coarse.-
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grained, light- to 1nedimn-gray rock having conspicu
ously large elongated phenocrysts of feldspar or feld
spar and quartz lenses separated by wavy shreds, lenses, 
and bands of biotite. The sa1ne rock was perhaps 
equally well na1ned quartz Inonzonite gneiss by Craw
ford (1913, p. 77), and the tern1s "gneissic augen quartz 
Inonzonite" or "quartz monzonite augen gneiss" might 
be applied equally \Yell because of the abundant large 
feldspar phenocrysts, smne as much as 3 inches long, 
in a finer grained, but still coarse, groundmass with a 
strong gneissic structure. 

White to gray or rarely pink feldspar and quartz, 
biotite, and an occasional grain of magnetite can be 
identified in 1nost hand specimens. The light minerals 
are in lenses generally 1 to 3 inches long and consist of 
a granular aggregate of quartz and feldspar or of feld
spar alone. The feldspar is com1nonly granulated and 
lenticular, although son1e shows little or no granulation 
and has shiny cleavage surfaces. ~lost of the biotite 
occurs in narrow bands, lenses, or shreds and 1nuch of 
it is partly altered to chlorite. Biotite and Inagnetite 
form inclusions in much of the feldspar. l\1:icroseopic 
examination shows that the larger feldspar grains are 
orthoclase and microcline, but the smaller grains are 
1nostly plagioclase, averaging sodic andesine. Quartz 
occurs ·typically as anhedral grains containing many 
liquid inclusions, and as a micrographic intergrowth 
on the borders of some of the orthoclase grains. Other 
1ninerals present are 1nagnetite, sphene, and s1nall 
mnounts of apatite, zircon, and allanite. 

The chemical analysis and calculated mineral com
position of a specimen of the gneissic quartz monzonite 
from Jennings Creek valley is given in the following 
table, taken from Crawford (1913, p. 150-151). 

Chemical and .~mineral analysis of gneissic quartz rnonzonite 

CHEMICAL ANALYSIS 
[R. M. Butters, analyst] 

Sio2-------------- 67.90 
Ab03------------- 16.08 
Fe203 _ _ _ _ _ _ _ _ _ _ _ _ . 83 
FeO _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 02 
MgO _ _ _ _ _ _ _ _ _ _ _ _ _ . 73 
CaO _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 86 
N a20 _ _ _ _ _ _ _ _ _ _ _ _ _ 4. 08 
K20 _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4. 11 
H20-________ ___ . 14 
H20+------------ .21 
Ti0

2
_ _ _ _ _ _ _ _ _ _ _ _ _ 1. 15 

Zr0
2 

_ _ _ _ _ _ _ _ _ _ _ _ _ tr 
P20s------------- . 12 
CL _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 01 
1\fnO_____________ none 

100. 24 

CALCULATED MINERAL COMPOSITION 
[By R. D. Crawford] 

Quartz _____________ _ 
Alkalic feldspar _____ _ 
Andesine, AbzAnt---- _ 
Biotite _____________ _ 
Titanite ____________ _ 
Magnetite __________ _ 
Ilmenite ____________ _ 
Apatite ____ - _______ _ 

22.86 
31. 57 
36. 09 

6. 52 
. 59 
. 70 

1. 22 
. 31 

99. 86 

According to Crawford (1913, p. 149-150), the folia
tion in the gneissic quartz Inonzonite was produced by 
flow of a partly crystallized viscous magma and was not 
the result of dynamic metamorphism after intrusion 

and solidification of the magma, because gneissic struc
ture is absent nearby in the older Pikes Peak granite on 
Missouri· Hill, and Paleozoic sediinentary rocks in
truded by gneissic quartz n1onzonite southeast of Bill
ings Lake show· no dynamic Inetainorphic effects The 
granular lenses of feldspar in association with large 
uncrushed feldspars indicate that movmnent of the 
1nag1na occurred after crystallization had started and 
that the crystals which had formed with their long 
diameters at a high angle to the direction of flmTr were 
rotated and somewhat crushed, whereas those oriented 
in the same general direction as the flow were not 
crushed. The writers likewise attribute the fo.liation 
to flow of the magma for the same reasons. 

The gneissic quartz monzonite is older than the Mount 
Pomeroy quartz n1onzonite, described later, because 
several small frag1nents of it were found included in 
the Mount Pomeroy near the summit of the 1110~1ntain 
half a mile northeast of Billings Lake. Crawford 
(1913, p. 178), who evidently did not see this occur
rence, tentatively placed the Mount Pomeroy as the 
older. 

MOUNT POMEROY QUARTZ MONZONITE 

The .1\tfount Pmneroy quartz n1onzonite was na1ned 
first the Pmneroy quartz monzonite by Crawford (1913, 
p. 79) for a stock, part of which is well exposed at its 
type locality on Pomeroy Mountain. The naiL.e was 
changed by the authors to Mount Pmneroy to co-.·lform 
with the U. S. Geological Survey requiren1ents, be
cause the name Pomeroy had been used elsewhere in the 
United States. The stock is exposed in an irregular 
belt, a vera.ging abollt 11;4 n1iles in width, that extends 
:from the vicinity of Chalk Creek Pass northeast-.ward 
almost to the eastern boundary of the quadrangle (pl. 
1) . One outlying body of Mount Pmneroy quartz 
1nonzonite is exposed east of Brittle Silver Mountain, 
and two others .are near the head of Browns Creek; all 
probably represent part of a once larger body of 11ount 
Pomeroy that was fragmented and intruded by younger 
rocks. 

The Mount Pomeroy quartz monzonite dips under the 
two younger intrusive rocks, the quartz latite por7hyry 
and andesite, on the south side of the stock. Tl'~ clip · 
is 25° to 40° S. under the quartz latite porphyry, as is 
well shown on the high ridge a few thousand feft east 
of Hancock Lake, where the gently dipping contact be
tween the lighter colored Mount Pomeroy and the over
lying clark quartz latite porphyry can be seen from a 
long distance (pl. 3B). The attitudes of the contact of 
the quartz monzonite porphyry with the andesite were 
not discernible in outcrops, but the relation bet-.ween 
this contact and the topography suggests a moderf'.te to 
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steep southerly dip. Along its northern border the 
Mount Pomeroy quartz monzonite is in contact with the 
younger Mount Princeton quartz monzonite :for several 
miles. No dip was observed :frmn outcrops, but the 
relationship between the topography and the contact 
indicates a southerly dip, varying :frmn gentle to steep. 
The contact o:f Mount Pomeroy quartz monzonite with 
the younger Mount Antero granite at the east end o:f 
the stock is steep. The Mount Pon1eroy stock has prob
ably not been greatly eroded because near its southern 
and southwestern contacts the rock grades into a finer
textured and more silicic marginal :facies. 

The typical Mount Pomeroy quartz monzonite is a 
pinkish-gray, medium-grained rock, with weathered 
surfaces dull greenish gray or dull reddish brown. 
Uhloritized hornblende and biotite, white, pink, and 
gray :feldspar, quartz, and a :few small pyrite grains 
can generally be seen in hand specimens. Some o:f the 
white :feldspar shows albite twinning striations. Horn
blende, the most abundant mafic mineral, is typically 
chloritized; this :feature, combined with the pinkish 
tone, is characteristic o:f most o:f the rock and helps to 
distinguish the Mount Pomeroy :from other Tertiary 
intrusive rocks, particularly the Mount Princeton 
quartz monozonite. Thin sections under the micro
scope show that the plagioclase ranges :from calcic 
andesine to sodic labradorite and is considerably in 
excess o:f orthoclase; it occurs typically in subhedrons 
and anhedrons, many o:f which show combinations o:f 
Carlsbad and albite twins. Most o:f the orthoclase' is 
micrographically intergrown with quartz. Other min
erals recognized include magnetite or iln1enite, pyrite, 
and small amounts o:f zircon, apatite, and sphene, as 
well as the occasional secondary minerals, epidote, cal
cite, and a clay mineral. 

In many places bright brownish-red and brown iron 
oxide stain occurs along joints, particularly northeast 
o:f Hancock Lake, along the ridge :for 2,000 :feet north 
:from its contact with the quartz latite porphyry, 
and also about hal:f a mile northeast o:f Billings Lake, 
along the divide between North Fork and Grizzly 
Gulch. 

The Mount Pomeroy quartz monzonite o:f Tertiary 
age is older than both the quartz latite porphyry and 
the Mount Princeton quartz monzonite. The relative 
ages are based upon the presence o:f :fragments o:f Mount 
Pomeroy in the quartz latite porphyry, and locally a 
chilled border o:f Mount Princeton quartz monzonite 
where it is in contact with the Mount Pomeroy quartz 
monzonite. This chilled border is especially well ex
posed on the slope northwest o:f Pmneroy Mountain. 

The table below, taken :from Crawford (1913, p. 137-
138), gives a chen1ical and mineral analysis o:f the 

Mount Pomeroy quartz 1nonzonite :from the Pr~de of 
the West tunnel on the east side o:f Pomeroy Mountain .. 

Chemical analysis and calculated mineml composition of Mount 
Pomeroy quartz monzonite 

CHEMICAL ANALYSIS 
[R. M. Butters, analyst] 

Si02-------------- 62. 60 
Al20a------------- 18. 16 
Fe20a------------- . 91 
FeO _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 72 
MgO _ _ _ _ _ _ _ _ _ _ _ _ _ . 96 
CaO _ _ _ _ _ _ _ _ _ _ _ _ _ 5. 30 
N ~0 _ _ _ _ _ _ _ _ _ _ _ _ _ 3. 02 
K20- ___ - - - _ _ _ _ _ _ _ 4. 10 
H20- ____ - _ _ _ _ _ _ _ . 28 
H20 + _ _ _ _ _ _ _ _ _ _ _ _ . 34 
Ti02 _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 02 
Zr02 _ _ _ _ _ _ _ _ _ _ _ _ _ tr 
P20o-- __ -- _ _ _ _ _ _ _ . 06 
CL _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 04 
MnO_____________ . 50 

100. 01 

CALCULATED MINERAL COMPOf'-.fTION 
[By R. D. Crawford] 

Quartz _____________ _ 
Orthoclase __________ _ 
Labradorite (about 

A bt Ant) -- -- - - -- -- -Biotite _____________ _ 
Hornblende _________ _ 
Magnetite __________ _ 
Ilmenite ____________ _ 

17. 46· 
28. 59 

40.52' 
3.96 
6. 94-
.7(} 

1. 52 

99. 6g. 

The occurrence o:f sodic labradorite with an appre
ciably smaller quantity o:f orthoclase, and still less 
quartz, suggests that the rock is not a typical quartz 
monzonite and might be classed as granodiorite or pos
sibly quartz diorite according to various definitions .. 
However, in the :foregoing calculation o:f the rrineral 
composition o:f the rock Crawford (1913, p. 13P), :for 
reasons advanced and not duplicated here, states that 
the true ratio o:f orthoclase to plagioclase may be 
greater than given in the table. 

ANDESITE 

An~esite occurs as a large irregular stock or chono
lith in the east-central part o:f the quadrangle, as :four 
small outlying bodies, and in several dikes. The chono
lith extends :from a point 2 miles west o:f Shavano 
northeastward about 4 miles to the head o:f Browns 
Creek and averages about 1 1nile in width. The ande
site intrusion was emplaced between the older Mount 
Pomeroy and gneissic quartz monzonite masse8, and 
in turn the andesite is cut off by younger intrusive 
rocks at its eastern and western borders. Alo:'lg its 
western border the andesite clips on the average 30° 
SW. under the younger quartz latite porphyry (pl. 1) .. 
Its contact with older rocks is concealed. However, 
along the northern border the relation between topog
raphy and the trace o:f its contact with Mount Po~eroy 
quartz monzonite suggests a moderate southerly clip,. 
and along its southern contact with gneissic quartz 
monzonite a nearly vertical dip is indicated. THs led 
Crawford (1913, p. 160) to assume, perhaps justifiably,. 
that the body o:f andesite, in the upper part at lrast, is 
a downward-pointing wedge-shaped chonolith. 

Two sn1all outlying andesite bodies are near tile east-



GENERAL GEOLOGY 25 

ern boundary of the quadrangle about 1;2 mile from the 
main n1ass; two othe.r s1nall intrusive bodies are about 
4 miles southwest of the chonolith. The dikes are gen
erally small and most of them are confined to the area 
south of the chonolith. 

The typical andesite is a dense, grayish-green to dark 
greenish-gray rock, with small phenocrysts of white 
or light greenish-gray feldspar. In the field some of 
the dark -colored andesite is very difficult to distinguish 
from the younger quartz latite porphyry. The andesite 
weathers into angular fragn1ents cmn1nonly less than 
1 foot long, with surfaces stained buff to reddish brown. 
The phenocrysts, although generally conspicuous, con
stitute on the average only about one-fourth of the 
rock. Most are in anhedral forms ranging from 1 to 
3 mm long and a few show albite twinning striations. 
The only other minerals commonly recognized in hand 
specin1ens are epidote, chlorite, and small grains of dis
seminated pyrite. 

The andesite is everywhere altered to propylite and 
at rnost places sn1all grains of pyrite are disseminated 
throughout the mass. Most of the hornblende has been 
changed to epidote and magnetite, and biotite is char
acteristically bordered by a reaction rim of magnetite 
or entirely altered to chlorite, epidote, and Inagnetite. 
Many feldspar phenocrysts are strongly epidotized. On 
the mountain three quarters of a mile southeast of 
Billings Lake many joint surfaces of the andesite are 
coated with pyrite. Weathering of the pyrite has 
locally produced iron hydroxides of striking shades of 
red and brown, and this IDJ)untain southeast of Billings 
Lake is locally known as Calico Mountain because of 
its variegated and vivid colors. 

Although conclusive evidence was not obtained, the 
authors believe that the propylitization and pyritiza
tion are genetically related to the 1nagma that in part 
formed the andesite. This assumption is based upon 
the widespread occurrence of propylite and pyrite in 
the andesite, and these types of alteration locally extend 
into the bordering older rocks, especially the Mount 
Pomeroy quartz monzonite at the heads of North Fork 
and Cyclone Creek valleys. Whether the origin of this 
alteration was by deuteric or hydrothermal process or 
a combination of these two is not known, although the 
very common propylitization of andesite bodies 
throughout the world suggests deuteric alteration for 
propylites. It is fully realized that this local center 
of alteration in the Garfield quadrangle may merely 
reflect a period of alteration considerably younger than 
the andesite intrusion which was localized along acces
sible structures in this area ; however, structural fea
tures necessary to localize this alteration throughout 
the entire body of andesite are absent. 

The following table, taken from Crawford (1913, 
p. 162-163), gives the chemical analysis of a fairly 
fresh specimen of the andesite from near the head of 
Jennings Creek, and the mineral composition as ca lcu
lated froni the chemical analysis. 

Chemical analysis and calculated mineral composition of andesite 
CHEMICAL ANALYSIS 

[R. M. Butters, analyst] 

Si02-------------
Al20a---------- --
Fe20a----- --------Feo _____________ _ 
~gO ____________ _ 
CaO ____ - _ - - ____ _ 
N a20 ___________ - _ 
1{20-- - - - - - - - -- - - -
H20- ---- - - - - - - - -
H20 + ---- --------
Ti02------------
Zr02------------
P205-------------Cl ______________ _ 

FeS2------- -------
~no ____________ _ 

57.51 
19. 18 

1. 76 
3. 39 
2.44 
6.32 
3. 28 
3. 18 
• 09 
• 09 

2.02 
none 
. 41 
. 07 
. 23 

none 

99.97 

CALCULATED MINERAL COMPOSITIClN 

[By R. D. Crawford] 

Quartz _____________ _ 
Orthoclase __________ _ 
Plagioclase (average 

AbtoAng) _________ _ 
Hornblende _________ _ 
Biotite _____________ _ 
~agnetite __________ _ 
Ilmenite __ ... _________ _ 
Pyrite ______________ _ 
Apatite ____ ---------

13.02 
12.79 

53. 1(} 
4. 40 

10.66 
1.6Z 
3. 04 
• 23 
• 93 

99. 79 

The andesite is older than the quartz latite porphyry,. 
as shown by inclusions of andesite in the porphyry near· 
their contact about 1% miles south of Billings Lake. It: 
is also older than the Mount Antero granite bec1.use 
pegmatite dikes related to the granite cut the andesite 
on the ridge north of Browns Creek. The andesite con
tains blocks of gneissic quartz monzonite about hdf a 
mile southeast of Billings Lake and is therefore younger 
than the gneissic quartz monzonite. No clear-cut ag~ re
lation between the andesite and Mount Pomeroy quartz 
monzonite was seen, but pyrite that is characteristically 
disseminated through the andesite and believed to be 
genetically related to the andesite penetrates the bor
ders of the adjacent quartz monzonite, as previo11sly 
noted, suggesting that the andesite is younger. 

MOUNT PRINCETON QUARTZ MONZONITE 

The Mount Princeton quartz monzonite of Tertiary 
age was named the Princeton quartz monzonite by 
Crawford (1913, p. 70) because of its excellent expo"',Ire 
at the type locality on Mount Princeton, the summit of 
which lies less than half a mile east of the northeast. 
corner of the Garfield quadrangle. The authors, 1'0W

ever, follow Stark and Barnes {1935, p. 475) in u<;1ing 
the na1ne Mount Princeton for this quartz monzo:'lite, 
because the name Princeton had been used before Craw
ford's time for another rock unit in the United St?tes. 
The Mount Princeton quartz monzonite is one o:f the 
largest bodies of Tertiary intrusive rocks in Colorado. 
(Burbank, Lovering, Goddard and Eckel, 1935). It 
forms a small batholith roughly circular in outline with 
a maximum diameter of about 20 miles. Only the so~1th-
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ern part of the batholith is present in the Garfield quad
rangle, and it occupies a larger area than any other rock 
unit. The Mount Princeton quartz monzonite lies 
chiefly east of the Continental Divide, although the 
southernmost large apophysis of the batholith crosses 
the divide about llh miles north of Middle Quartz Creek 
and extends southward about 8 miles to Spring Creek, 
in the southernmost part of the Tomichi mining district, 
where it terminates rather bluntly as a tongue about a 
mile wide. Many of the highest peaks in the quadrangle 
are composed of this quartz monzonite, especially those 
north and west of Chalk Creek. In addition to the main 
mass, the Mount Princeton quartz monzonite forms 
many small outlying bodies and also forms a large 
northeast-trending body about 6 miles long and % mile 
wide, extending from l\Hddle Fork of South Arkansas 
River to the eastern boundary of the map. This body 
is probably an apophysis that connects to the northeast 
with the 1nain batholith. The Mount Princeton quartz 
monzonite is of particular interest because most of the 
economically important ore deposits are believed to be 
genetically related to it. 

The quartz monzonite is generally a fresh-appearing 
rock on weathered as well as newly broken surfaces, but 
in a number of places, especially in the southern part 
of the Tomichi district, highly weathered parts of the 
Mount Princeton are difficult to distinguish from tha 
pre-Cambrian granite which it intrudes. Typically, the 
rock is gray and medium grained but locally is light 
gray, pinkish, or, rarely, white. Minerals recognized 
in hand specimens are white, gray, and pinkish feld
spars, glassy quartz, fresh shiny black biotite flakes, 
many of which are in euhedral forms, dull-green horn
blende, and in almost all specimens, a few small cinna
Inon-brown crystals of sphene. 

The texture ranges from even-granular through 
slightly porphyritic, to a prominently porphyritic 
facies. The phenocrysts are white, gray, or pink :feld
spar, and some attain a length of llh inches. The 
Mount Princeton quartz monzonite east of Chalk Creek 
in the northern half of the mapped area is, in general, 
markedly more porphyritic than elsewhere. Here the 
phenocrysts are almost entirely pink potash :feldspar, 
but west of Chalk Creek the phenocrysts of the locally 
porphyritic :facies are about equally divided between 
potash and plagioclase :feldspar. The groundmass of 
the porphyritic :facies has a greater content of pink 
alkali :feldspar and a smaller content of 1nafic min
erals than the nonporphyritic facies. Thin sections 
show that plagioclase exceeds orthoclase. The plagio
clase occurs typically in subhedral crystals ranging in 
composi·tion frmn calcic andesine to sadie labradorite; 
many are zoned, and a few enclose biotite. Orthoclase 

is generally in anhedrons and poikilitically encloses all 
other n1inerals except quartz. Quartz varies locally in 
amount although it is everywhere present. Biotite and 
hornblende are commonly intergrown, ano1 biotite 
slightly exeeeds hornblende in amount. Sphene, in 
wedge-shaped and irregular grains, is the mcst abun
dant accessory 1nineral ; others are apatite, zircon, black 
iron oxide, and occasional grains of pyrite. 

The table below gives two chemieal analyses and one 
actual mineral composition of the Mount Princeton 
quartz monzonite. The analysis of the rock from the 
gulch south of Williams Pass is frmn a composite 
sa1nple of many chips of typical nonporphyr~tic rock 
collected over an area several thousand :feet in length. 

Chemical and mineral analyses of ]\;fount Princeton qt:artz mon
zon·ite 

CHEMICAL ANALYSES 

Si02-----
Ab0a----
Fe203-----FeO _____ _ 
MgO ____ _ 
CaO ____ _ 
Na20 ____ _ 
K20------H20- ___ _ 
H20+---
Ti02-----
Zr02- ___ _ 
P20s-----CL _____ _ 
M·nO ____ _ 
co2------Bao ____ _ 

1 
65.37 
17.04 

2. 30 
2. 16 

. 63 
3. 37 
3. 76 
4. 20 
. 06 
. 34 
. 48 

. 21 

. 08 

. 08 

. 16 

2 
67. 64 
14.75 

. 81 
1. 95 
. 94 

3. 98 
3. 40 
4. 06 

. 13 

. 19 
1. 36 

tr 
. 20 
. 08 
. 27 

100. 24 99. 76 

MINERAL COMPOSITION 'BY WEIGHT 
[By R. D. Crawford; Rosiwal method] 

2 
Quartz______________ 18. 8 
Orthoclase___________ 25. 8 
Plagioclase__________ 42. 5 
Hornblende__________ 2. 9 
Biotite__ _ _ _ _ _ _ _ _ _ _ _ _ 8. 2 
Iron ore_____________ 1. 2 
Titanite_____________ . 6 

100. 0 

1. Mount Princeton quartz monzonite, gulch south of Williams Pass, Quartz 
Creek district, Colorado. Leonard Shapiro, U.S. Geological Survey, analyst. 
Na20 and K20 determined with flame photometer by S. Jl.tf. Berthold, U.S. 
Geological Survey. 

2. Mount Princeton quartz monzonite, Taylor Mountain, Monarch district, 
Colorado. From Crawford (1913, p. 144-145). R. M. Butters, a:'lalyst. 

There is little change in texture or con1position of 
the Mount Princeton quartz monzonite as the border is 
approached, except locally, as on the ridge north of 
Pomeroy Mountain at the contact with the Mount Pom
eroy quartz monzonite. Here the Mount Princeton is 
a granite porphyry that extends northward several hun
dred :feet and grades into quartz Inonzonite. 

From Whitepine northwest for about 9 miles the con
tact of the Mount Princeton batholith with rocks of 
pre-Cambrian and Paleozoic age roughly follows the 
older Tincup-Morning Gli1n fault zone, which was 
doubtless a zone of highly shattered rock that afforded 
easy access for emplacement of the Mount Princeton 
magma. Xenoliths of the older rocks occur near the 
borders of the Mount Princeton quartz monzonite. The 
inclusions range in size from small fragments a few 
inches long to large bodies nearly half a mile lo"lg. The 
larger xenoliths are mostly sedimentary rocks; several 
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are shown on the geologic map 2 to 5 miles northwest 
of Whitepine along the west side of the batholith. The 
southernmost large inclusion, which is chiefly coarse 
marble, is about 4,000 feet from the west margin of the 
batholith. 

Distributed through the Mount Princeton quartz 
monzonite are dark-colored bodies, generally oval, of 
which the vast majority range in length from 1 to 12 
inches, although one about 100 feet long is 500 :feet 
northeast of the portal of the 400-foot level of the Mary 
Murphy mine. The bodies are a fine-grained dark-gray 
aggregate consisting chiefly of feldspar, biotite, and 
hornblende; the mafic minerals constitute about a third 
of the rock. In most hand specimens a little quartz 
and an occasional grain of sphene can be recognized. 
The bodies grade into the surrounding quartz mon
zonite through border zones less than half an inch wide. 
There are two distinct types of bodies. One is even 
grained and one is porphyritic, with phenocrysts, 
chiefly of feldspar, :forming about one-fourth of the 
rock. Both types have about the same composition, but 
the porphyritic variety is characterized by slightly nar
rower gradational border zones. The large inclusions 
are of the porphyritic type and are probably cognate 
inclusions; that is, fragments of chilled Mount Prince
ton quartz monzonite, as suggested by their large size 
and the fact that no other rock of this type was seen 
outside the borders of the Mount Princeton quartz 
monzonite. The even-granular bodies are believed to 
be basic segregations of the Mount Princeton magma 
because of their uniform size, even distribution through 
the. Mo~nt Princeton batholith, composition, and gra
datiOn Into quartz n1onzonite. If the even-granular 
bodies were inclusions, they would be expected to be 
more abundant near the borders of the batholith and 
have a wide range in composition and size. 

Dikes and apophyses_ extend out from the Mount 
Princeton batholith into the bordering rocks at places, 
notably near Boss Lake Reservoir and high on the ridge 
west of the head of Taylor Gulch. The quartz mon
zonite in such dikes is generally finer grained than 
that of the main body; it contains somewhat more bio
tite than the normal Mount Princeton quartz monzonite 
but is richer in potash feldspar and approaches granite 
in composition. Dikes of white, fine-grained, and 
sugary-textured granite aplite occur throughout the 
Mount Princeton batholith but are somewhat concen
trated in a ·zone 1 to 2 miles wide along the west side 
of the batholith. A :few extend out into the older rocks. 
Most of the dikes are only 1 inch to 2 feet thick and less 
than 50 :feet long. Only the largest ones are shown on 
the geologic map. These have a northeast trend, but 
the hundreds of smaller dikes show no consistent trend. 

383972-57-3 

Pegmatite dikes related to the Princeton quartz mon
zonite are extremely rare; the few found are nar":'OW 
bodies within aplite dikes or bordering dikes of quartz 
monzonite. They consist chiefly of quartz and mi~ro
cline, with accessory biotite, hornblende, and muscovite; 
black tourmaline is present locally. 

The Mount Princeton quartz monzonite is older than 
the Mount Antero granite, which clearly cuts the quartz 
monzonite high up in the sharp gulch of McCoy Cr~ek, 
near the eastern border of the quadrangle. It is defi
nitely younger than the Mount Pomeroy quartz Irfln
zonite and is probably younger than the andesite, be
cause veins believed to be genetically related to the 
Mount Princeton quartz monzonite cut the andesite. 

MONZONITIC AND LATITIC DIKES 

Dikes of monzonitic and quartz monzonitic composi
tion occur throughout most of the mapped area except 
in the region roughly bounded by the Contine:-1tal 
Divide on the west and Chalk Creek on the east. The 
dikes included in this general grouping consist of nlOn
zonite, quartz monzonite, latite, quartz latite, and their 
porphyritic equivalents. Porphyritic quartz monzo:'lite 
and porphyritic quartz latite are the most abund~.nt. 
The dikes occur singly or in groups as on the slope-:- of 
Taylor Mountain and north of Waterdog Lakes. 

Although some dikes can be traced half a mile or 
more, the vast majority range in length from 500 to 
1,000 feet and are 5 to 25 feet thick. The dikes gen
erally dip steeply, insofar as could be determined, 
and their strike varies according to the local st:-:-uc
ture, but northeast and northwest strikes dominate 
over easterly or northerly ones. 

The monzonitic dikes are generally gray or greenish 
gray, with conspicuous and abundant phenocryst:"1 of 
feldspar, quartz, or hornblende, depending upon the 
composition o:f the individual dike. The latite and 
quartz latite dikes are generally light- to medium-gray 
aphanitic rocks containing small phenocrysts of qu~.rtz 
or feldspar or both, although some are nonporphyritic. 
In general the latitic dikes are shorter and narrc wer 
than those of monzonite. 

The relative ages among. the different typeE· of 
scattered dikes in this group were not determined, be
cause at no place are crosscutting relationships ex
posed. Most, if not all, of the dikes were probr,bly 
intruded after the Mount Princeton batholith and be
fore the Mount Antero granite, because no dikes of this 
group cut rocks younger than the Mount Princeton. 

RHYOLITIC DIKES 

Rhyolitic dikes, including rhyolite, rhyolite porphy
ry, and pitchstone porphyry, are widely but sps .rse
ly distributed throughout the Garfield quadrargle. 
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They are most abundant in the vicinity of Taylor 
Mountain in the Monarch district and east of White
pine in the Tomichi district but are not nearly so com
mon as the older monzonitic dikes. Several of the rhyo
litic dikes, such as some in the Whitepine area, one east 
of the Tincup district, and two a few miles east of 
St. Elmo, attain lengths of % to almost 1 mile, but 
many are less than 1,000 feet long. Most of the dikes 
are 5 to 20 feet thick, but some are less than a foot 
thick, and others locally swell to 50 feet. The dikes 
tend to follow local structure, but northeast and north
west strikes predominate over northerly or easterly 
ones. In the Whitepine area, the northerly trending 
rhyolite dike cut in the Akron mine was intruded 
along the Star fault zone which it locally fills and 
cuts across at low angles. Two long dikes several miles 
east of St. Elmo follow a northeast-trending fracture 
zone which is emphasized by several veins in the Mount 
Princeton quartz monzonite. The dip of the dikes is 
generally steep although some, such as those east of the 
Tincup district and near Chalk Creek, east of St. Elmo, 
dip as low as 20°. 

The dikes are white to light-gray, dense rhyolitic 
rocks, either with or without phenocrysts of quartz or 
feldspar, although by far the greater number are por
phyritic to some extent. Many have a platy fracture, 
and some are pinkish on weathered surfaces. A green 
or brownish, resinous pitchstone porphyry with feld
spar and some biotite phenocrysts occurs locally as 
much as 2 feet thick along the borders of two rhyolite 
dikes cut in the Akron and Morning Star mines. 

The rhyolitic dikes are probably rather closely re
lated genetically to the Mount Princeton quartz monzo
nite. Crawford {1913, p. 167 and pl. II) regarded them 
younger than the Mount Aetna porphyry, but the pres
ent writers assign them an older age because : ( 1) at 
no place does rhyolite cut rock younger than the Mount 
Princeton quartz monzonite, (2) many of the dikes are 
cut or bordered by veins or altered and weakly mineral
ized zones that are believed to be genetically related 
to the Mount Princeton quartz monzonite, and ( 3) the 
wide distribution of the dikes suggests a genetic rela
tion to a large widespread body such as the Mount 
Princeton batholith. 

RERS.A.NTITE DIKES 

One long and several short, probably lamprophyric 
dikes, ranging from 1 to 100 feet wide, cut the Mount 
Princeton quartz monzonite north of Chalk Creek about 
2% miles northeast of St. Elmo (pl. 1). The rock is 
dark green to black, aphanitic or fine grained, and 
slightly porphyritic. As determined by microscopic 
analysis, the rock is composed chiefly of plagioclase and 
biotite, with subordinate magnetite and augite; thus it 

is technically a kersantite. The dikes strike D')rtheast 
and dip 60° to 70° NW. At an altitude of 10,100 feet 
in Coal Camp Canyon one of the small kersantite dikes 
cuts and offsets a rhyolite dike and, therefore, this dike 
is younger than the Mount Princeton quartz m'lnzonite 
and the rhyolite dike. The relation of the kersaritite 
dikes to rocks younger than these two, sucl' as the 
Mount Antero granite and the quartz latite porphyry, 
is unknown. 

MOUNT .A.NTERO GRANITE 

In the eastern part of the Garfield quadranglo a gran
ite of Tertiary age occurs as two stocks, sever~l small 
outlying bodies, and dikes. The granite is her~~ named 
the Mount Antero granite because of its occurrence at 
its type locality on Mount Antero, the crest of which 
lies a few hundred feet east of the quadrangl£ bound
ary. The northern, and larger, stock (pl. 1) is about 3 
miles long, extending from the west side of Mount An
tero to a point about half a mile south of BrowiJ s Creek. 
The southern stock, 2 miles farther south, in the vicinity 
of North Fork South Arkansas River, is al:'lut 11h 
miles long. Both stocks extend east beyond tl ~quad
rangle boundary, as shown on Crawford's geol()gic map 
( 1913, pl. II), the northern one for at least 21;2 tniles, 
and the southern one for about 1,500 feet. Both stocks 
are irregular in plan and appear to have stee~ly dip
ping contacts. Granite dikes and small outlying bodies 
are exposed in the rocks adjacent to the northei~n stock. 
Pegmatite dikes related to the Mount Antero granite 
are restricted to the area in and around this irtrusion. 

The Mount Antero granite is light gray to nearly 
white, and weathered surfaces are a slightly gl~~tening 
white, with local pinkish or brownish tones. It is 
typically medium grained and is composed m'lstly of 
feldspar and quartz, with subordinate small grains of 
biotite. Most of the quartz is conspicuously rounded 
and embayed. Locally the rock contains a few s;a·ttered 
pink feldspar phenocrysts, and some dikes and irregu
lar border zones are fine grained, with scatterei larger 
grains of feldspar and rounded quartz. 

Microscopic examination shows that the feldsY)ars are 
orthoclase, microcline, and albite. Microcline ir sparse ; 
the albite and orthoclase are present in abont equal 
amounts. Quartz occurs in single anhedral grains, in 
clusters, and, to a minor extent, micrographically inter
grown with orthoclase. Biotite, apatite, zircon, and 
sphene are accessory minerals. Most of the biotite is 
altered to chlorite, muscovite, or black iron oxi <le. 

The following table, taken from Crawford (1913, 
p. 154-155), gives the chemical analysis and calculated 
mineral composition of the Mount Antero granite from 
ne.ar Browns Creek. 
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Chemical analysis and calculated mineral composition of Mount 

Antero granite 

CHEMICAL ANALYSIS 
[R. M. Butters, analyst] 

Si02---------- 74. 27 
Al203--------- 13. 67 
Fe20a--------- . 48 
FeO__________ . 45 
MgO _ _ _ _ _ _ _ _ _ . 12 
CaO ______ - _ _ . 65 
Naao_________ 3. 48 

CALCULATED :MINERAL COMPOSITION 
[By R. D. Crawford] 

Quartz _________________ _ 
Alkalic feldspar 1 ________ _ 
Biotite _________________ _ 
Ilmenite ________________ _ 
Titanite ________________ _ 

30.36 
65. 48 

2. 86 
. 15 
. 78 

99. 63 
K20---------- 5· 90 -~-O-rth-o-clase-molecule __________________ .,. __ 33.92 
H20-________ · 10 Albite molecule ________________ -------- 29.34 
H20+ ------ _ _ . 04 Anorthite molecule______________________ 2. 22 
Ti002 ______ -- _ . 49 

65
. 
48 

Zr 2--------- .01 
P205--------- . 04 CL _ _ _ _ _ _ _ _ _ _ . 02 
MnO_________ none 

99. 72 

The granite and bordering rocks in the vicinity of 
Mount Antero and White Mountain to the south have 
long been known to mineral collectors as a source of fine 
specimens of beryl, phenacite, topaz, and other rare 
n1inerals; these occur in pegmatites, in small irregular 
beryl-rich zones in the granite, and in quartz veins. 
A tnore detailed description of these minerals and their 
occurrences is given under the heading of beryl in 
pegmatit~, granite, and greisen. 

The Mount Ante.ro granite is younger than the 
Mount Pomeroy quartz monzonite, Mount Princeton 
quartz monzonite, and the andesite, because dikes of 
granite, or related pegmatites, cut these three rocks. 
The age relation of the granite to the distant quartz 
latite porphyry is not known. 

QUARTZ LATITE PORPHYRY 

The quartz latite porphyry occurs near the center of 
the Garfield quadrangle as one ]arge irregular 1nass 
and several smaller bodies in the area extending from 
near the head of North Fork west across the Continen
tal Divide almost to Tomichi Creek. The areal rela
tions shown on plate 1 leave little doubt that the out
lying bodies were once part of a single irregular intru
sive body, best described as a chonolith, that was split, 
surrounded, and deeply embayed by the later Mount 
Aetna quartz monzonite intrusion. The original size 
of the chonolith was apparently about 9 square 1niles. 
Along the northern and part of the eastern side the 
contact of the quartz latite with older rocks dips 25° 
to 50° S. (pl. 3B) but elsewhere the dip is nearly 
vertical. 

From Hancock Lake southeast along the contact for 
nearly 2 1niles the basal part of the quartz latite por
phyry consists of angular to rounded rock fragments 
in a quartz latite porphyry matrix. The breccia forms 
a belt 50 to 500 feet wide. The fragments in the breccia 
~re chiefly quartz latite porphyry, andesite, and Mount 
Pomeroy quartz monzonite, mostly in somewhat 

rounded or oval forms ranging from a few inche~ to 
a foot long. These rounded fragments suggest strung 
abrasive action before incorporation by the latitic 
magma that followed. For a distance of about 2,000 
feet on the northern end of the sharp ridge of Van yrirt 
Mountain, the quartz latite porphyry shows a pro
nounced fluxional platy structure, which, from a dis
tance, imparts to the rock the appearance of a well
bedded sedin1entary rock (pl. 2B). 

The quartz latite porphyry typically forms high, 
jagged dark cliffs such as the prominent ones extending 
fr01n Mount Aetna northwest to Van Wirt Mountain. 
It is the darkest of the Tertiary intrusive rocks an f} is 
mostly dark gray, although a medium-gray rock with a 
slight bluish tone is found locally. Phenocrysts 1 to 3 
mm long compose about 40 percent of the rock; they are 
mostly white or gray feldspar and biotite artd horn
blende. A little quartz, a few pink feldspars, and small 
sphene crystals also can be recognized in most hand 
specimens. The groundmass is typically dark gray, 
dense, and aphanitic. 

Miscroscopic examination shows that the most abun
dant phenocrystic mineral is plagioclase ranging in com
position from calcic oligoclase to sodic andesine; 1nany 
of the crystals are zoned and have a core of andesine 
bordered by oligoclase. A few orthoclase crystals are 
present. The feldspars are typically in subhedral or an
hedral forms, and many are broken and embayed. Bio
tite, often in bent crystals, exceeds hornblende in quan
tity. Hornblende occurs as fresh or altered cryshtls, 
and, in common with the biotite, a few are bordered by 
small grains of black iron oxide, probably magnetite. 
Apatite, zircon, and particularly sphene are accessory 
n1inerals. The groundmass is typically a very fne
grained microgranular material containing some glass, 
but it is largely indeterminable. Dark dustlike inclu
sions are abundant. A few of the phenocrysts are sur
rounded by wavy and irregular, glassy flow bands. 

Several features suggest that the quartz latite por
phyry magma was introduced in pulsations into partly 
or c01npletely solidified rock rather than continuou~ly. 
At times the pulsations were probably rel31tively geri;le, 
but at other times they are believed to have been ,..,io
lent and some material may even have been ejectec at 
the surface. Features that indicate the pulsatory move
Inent of the magma are : abrupt changes in the general 
physical appearance of the rock, local stringy patches, 
irregular zones of rock rich in both foreign and cogr~tte 
inclusions, locally a conspicuous cemented breccia zone 
near the base, ruptured feldspar crystals, bent and 
broken mica flakes, and flow bands around some of the 
phenocrysts. 

The quartz latite porphyry is younger than the ande-
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site and Mount Pomeroy quartz monzonite, for it con
tains inclusions of these rocks. It is clearly older than 
the Mount Aetna quartz monzonite porphyry, because 
at many places dikes of Mount Aetna porphyry cut the 
quartz latite porphyry, and inclusions of the quartz 
latite porphyry are found in the Mount Aetna por
phyry. 

The following table, taken from Crawford (1913, p. 
166-167), gives the chemical analysis and calculated 
mineral composition of a specimen of quartz latite por
phyry from the Mohammed tunnel in Middle Fork 
South Arkansas valley, due west of Mount Aetna. 

Chemical analysis and calculated mineral composition of quartz 
latite porphyry 

CHEMICAL ANA'LYSIS 
[R. M. Butters, analyst} 

Si02------ _ -- _ 
Al20a-- - - - - - - -
Fe20a------ __ _ 
FeO _____ -----
MgO ________ _ 
CaO __ - ------N ~0 ________ _ 
K20 _____ -----
H20- -------
H20+ -------
Ti02---------
Zr02- _ ------
P20&- _- ------Cl __________ _ 
MnO ________ _ 

64. 56 
17.36 

. 76 
1. 81 
. 73 

3. 25 
3. 56 
5. 94 
. 41 
. 45 
. 61 

tr 
. 08 
. 01 
. 33 

99. 86 

CALCULATED MINERAL COMPOSITION 
(By R. D. Crawford] 

Quartz _________________ _ 
Orthoclase ______________ _ 
Plagioclase (average Ab5-An2) _________________ _ 
Biotite _________________ _ 
Hornblende _____________ _ 
Magnetite ______________ _ 
Titanite ________________ _ 
Apatite ________________ _ 

14.58 
31. 14 

42. 66 
7. 28 
1. 93 
. 46 
. 98 
. 31 

99. 34 

MOUNT AETNA QUARTZ MONZONITE PORPHYRY 

A distinctive quartz monzonite porphyry occurring 
chiefly in the central part of the mapped area was 
named by Crawford (1913, p. 80) the Etna quartz mon
zonite porphyry. The name "Etna" had previously 
been used elsewhere in the United States for a rock unit, 
so the authors, following the U. S. Geological Survey 
requirements, have changed the name to "Mount Aetna 
quartz monzonite." The spelling of "Etna," it will be 
noted, has been changed to "Aetna" in order to con
form to that used on the topographic base map of the 
Garfield quadrangle. As the name implies, the rock is 
exposed at its type locality on Mount Aetna, 3 miles 
north of Monarch, where it occurs as an irregular 
stock extending about 3 miles northwest to the head
waters of Tomichi Creek. A smaller stock, probably 
connected at depth with the larger mass, centers 
around Deer Gulch, west of Vulcan 1\:lountain, and 
about a mile farther south, a still smaller stock lying 
adjacent to a body of andesite cuts across the valley of 
Bonanza Creek. Two long dikes radiate from the main 
stock (pl. 1). The longer, near the west side of the 
stock, extends from upper Tomichi Creek valley almost 
10 miles northeast across the Continental Divide to a 
point about a mile beyond St. Elmo where it apparent
ly pinches out in Mount Princeton quartz monzonite. 

11. S. ~EOLOG:CAL SURVEY 
GROUND WATER ERANCH 

92 t MAIN ST. P. 0. BOX 24 
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Less than a mile to the northeast, however, another dike 
having the same general trend as the long~r one is 
exposed for about a mile, and the two probably con
nect at depth. The dike pinches and swells, ranging in 
width from about. 50 to 1,000 feet. Most or the dike 
is vertical but in the vicinity of St. Elmo it c1ips about 
50° NW. The other large dike extends from the south 
side of Mount Aetna 41h miles northeast to the border 
of the map, and Crawford (1913, pl. II) shows it ex
tending about 2 miles farther, almost to Browns Creek. 
The southern dike on the east side of Jennings Creek 
is apparently a branch from the main dike, th~ junction 
of the two being concealed beneath glacial Jnoraine a 
few thousand feet northeast of Shavano. The main 
dike dips steeply northwest, and the width ra:nges from 
200 to 600 feet. 

The Mount Aetna quartz monzonite porphyry is the 
coarsest grained porphyry in the Garfield quadrangle 
and is readily distinguished in the field frorr all other 
rocks. It is light, medium, or pinkish gray, and weath
ered surfaces are generally dull gray with local buff to 
brown iron-stained areas. Large pink and white feld
spar phenocrysts are especially conspicuous. The larg
est and most abundant phenocrysts are pink or rarely 
gray, subhedral or euhedral crystals of ortho~lase % to 
1 inch long. A few are zoned, with a white border about 
a pink core, and carlsbad twins can be detected. in some. 
White plagioclase (andesine) phenocrysts average much 
smaller than those of orthoclase and cmmno-qly range 
from % to 1h inch in length, although a few reach 
lengths of 1 inch or more. Some show carlsbad and 
albite twinning in hand specimens. Most of the plagio
clase crystals are somewhat irregular in outline, and a 
few are rounded and embayed. The groundmass of the 
large pink and white feldspar phenocrysts is r. granular 
aggregate of medium-grained minerals which in turn 
occurs in a groundmass of very fine grained material. 
The medium-grained aggregate consists of plagioclase, 
quartz, biotite, hornblende, and sphene, all of which 
can generally be recognized in hand specimens. 

Deviations from the typical lithology of the Mount 
Aetna porphyry are slight and are chiefly expressed by 
a greater proportion of groundmass and by smaller 
phenocrysts. The dikes commonly contain somewhat 
more hornblende than the porphyry in the stocks, and 
the groundmass is a little finer grained. In parts of the 
dikes, pink feldspar crystals, some of which attain 
lengths of 2 to 3 inches, locally show parall a.l or sub
parallel orientations; their long axes are alined with the 
strike of the dike and plunge at low angles toward the 
main stock. This orientation can be seen especially well 
in the wide dike exposed· on the north side of Brittle 
Silver Basin. A few small, fine-grained, darlr~ rounded 
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or oval segregations are widely scattered in the Mount 
Aetna porphyry, and inclusions of the older rocks, par
ticularly quartz latite porphyry, occur locally near the 
margins of the larger masses. No pegmatite or aplite 
dikes genetically related to the porphyry were found. 
The Mount Aetna porphyry smnewhat resembles the 
Lincoln porphyry of the Leadville region, but the Mount 
Aetna is coarser than most specimens of the Lincoln 
seen by the authors. 

Large feldspar phenocrysts are rarely found in the 
Mount Aetna porphyry near the contact with the older 
rocks, and this suggests that they were not of intra
telluric origin, although the parallelism of the pheno
crysts in parts of the dikes indicates that some move
ment of the magma occurred locally before complete 
solidification. The large phenocrysts and coarse texture 
indicate a mag1na of low viscosity, probably rich in min
eralizers, and suggest that cooling was slow. 

The Mount Aetna porphyry of Tertiary age is clearly 
younger than the quartz latite porphyry, as shown 
above, but it is older than the volcanic breccia, which 
contains a few frag1nents of Mount Aetna porphyry on 
the west side of the Continental Divide about half a mile 
south o:f Monumental Peak. 

Microscopic examination o:f the typical Mount Aetna 
porphyry shows that the plagioclase is calcic andesine, 
and some crystals are zoned. Quartz occurs both as em
bayed phenocrysts and as part of the groundma~s, and 
it is also occasionally intergrown with orthoclase. 
Orthoclase phenocrysts contain inclusions of biotite, 
hornblende, plagioclase, and sphene. Orthoclase also 
constitutes a large part o:f the groundmass. Biotite and 
hornblende are common in the groundmass as are much 
smaller amounts of sphene, black iron oxide, zircon and . ' apatlte. 

The :following table, taken :from Cra,wford ( 1913, 
p. 158-159), furnishes a chemical analysis and calcu
lated mineral composition of the Mount Aetna quartz 
monzonite porphyry from Clover Mountain. 

Chemical analysis and calculated mineral composition of IYI ount 
Aetna quartz monzonite porphyry 

CHEMICAL ANALYSIS 
[R. M. Butters, analyst] 

Si02-------------- 66.71 
Al20s------------- 15.04 
Fe20a- _ _ _ _ _ _ _ _ _ _ _ _ . 92 
FeQ______________ 1. 74 
~gO_____________ 1. 53 
CaO _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 92 
Na20_____________ 3. 37 
K20-- ___ - - _ _ _ _ _ _ _ 5. 04 
H20- ___ -- _ _ _ _ _ _ _ . 34 
H20 + _ _ _ _ _ _ _ _ _ _ _ _ . 43 
Ti02-- ___ - _ _ _ _ _ _ _ 1. 29 
Zr02--- __ _ _ _ _ _ _ _ _ _ none 
P205------------- . 20 
CL______________ . 04 
~no_____________ . 46 

100. 03 

CALCULATED MINERAL COMPOSITION 
[By R. D. Crawford] 

Quartz _____________ _ 
Orthoclase __________ _ 
Plagioclase _________ _ 
Biotite _____________ _ 
Hornblende _________ _ 
Magnetite __________ _ 
Ilmenite ____________ _ 
Titanite ____________ _ 
Apatite ____________ _ 

21. 84 
32.42 
30.35 

7. 95 
3. 60 
. 70 
. 76 

1. 37 
. 31 

99. 30 

ORIGIN AND INTERRELATIONS OF THE INTRUSI,TE 
ROCKS 

As a result of regional studies extending far beyc"'ld 
the Garfield quadrangle Crawford (1924) has pos+u
lated, quite logically, that the Mount P,rinceton batho
lith and several other smaller bodies of quartz mon
zonite are probably merely the exposed upper irregu
larities in the roo:f of a much larger batholith of quartz 
monzonite that underlies the region extending fr')m 
the Monarch and Tomichi districts northeast to Mo11 te
zuma-a distance of about 85 miles. Within and b'lr
clering this region Ora wford likewise noted simihl "fi
ties among various porphyries, quartz diorite bodies, 
and other relatively small intrusive bodies which led 
him to the conclusion that many of these s:Ualler bod
ies, as well as the quartz monzonite batholith, belcng 
to a single petrographic province. He has shown that 
some o:f the bodies were e1nplaced before the bathol~th 
and that others :followed its emplacement. 

The present study o:f the Garfield quadrangle f'lr
nishes additional data regarding the origins and inter
relations of the intrusive rocks in this part of the 
petrographic province. In the age sequence of the Ter
tiary intrusive rocks from the early quartz diorite p')r
phyry through the Mount Antero granite it is notable 
that there are three groups o:f rocks each showing a 
general progressive change from basic or intermediate 
cmnposition to more acidic types. This grouping is 
based largely upon a change in chemical compositjon 
as related to age in each group and is shown by the re
appearance o:f granite, rhyolite, or quartz monzonite 
immediately preceding an intermediate to basic int:':'u
sive type, such as andesite or quartz diorite. The un
certainty of the relative ages o:f a few o:f the igneous 
bodies, particularly some of the smaller intrusive ones, 
1night change their positions slightly in the age se
quence, but the age relations already established are 
sufficient to define the main series. The above three se
ries of intrusive rocks that range in composition fr1m 
basic or intermediate types to acidic ones strongly sug
gest that differentiation in the magma reservoir took 
place at depth and probably extended over a long pe
riod of time. It is likely that all these bodies were orig
inally derived from an underlying batholith as postu
lated by Crawford and stated above; however, an ad
ditional explanation is necessary to account for the 
three series o:f coin positional changes. A likely ex:r: la
nation is that parts of the magma were separated :fr')m 
the batholith, perhaps as a result of early tecto:-1ic 
movement, and differentiation took place in the se":>a
rated magma reservoirs independently from the m·ain 
batholith. 

In these comparatively shallow reservoirs differentia
tion by subtractive processes of crystal settling or 
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crystal zoning during fractionation (Bowen, 1928) and 
a later filter press mechanism (Harker, 1909, p. 323), 
which removed part of the partially crystallized body, 
could have occurred several times. In the Front Range 
of Colorado Lovering and Goddard ( 1938) explain a 
differentiation series from diorite through quartz 
monzonite to granite porphyry by subtractive differ
entiation in relatively shallow hearths. In support of 
part of this theory as applied to the rocks exposed in 
the Garfield quadrangle, it has been shown that some 
of the intrusive bodies, especially in the Tincup and 
Quartz Creek districts, were emplaced both before and 
after two major P..eriods of faulting, and furthermore 
that emplacement of the Mount Princeton batholith 
followed the most intense period of Tertiary deforma
tion. There is evidence of a sort to indicate that this 
threefold differentiation and emplacement occurred 
over a long period of time. The variations in rock 
texture, such as fine, coarse, and porphyritic, suggest 
intrusion under variable temperature and pressure con
ditions, although the part played by mineralizers in 
the magma may have been an important factor in 
determining the type of texture in the rock. Tempera
ture and pressure conditions were likely influenced by 
such factors as faulting, uplift, and prolonged periods 
of erosion, which in total probably extended over a 
long period of time. 

TERTIARY EXTRUSIVE ROCKS AND TUFF 

Two types of extrusive rock and a water-laid tuff 
of Tertiary age crop out near the south-central part of 
the Garfield quadrangle in the vicinity of Brittle Silver 
Basin and in the Tomichi mining district. The ex
trusive rocks are a volcanic breccia and a flow breccia, 
which are equivalent to rhyolites or quartz latites in 
composition. 

VOLCANIC BRECCIA 

Volcanic breccia is confined to a small area less than 
2 miles wide in the Tomichi district, where it extends 
from Vulcan Mountain on the Continental Divide to 
Tomichi Valley. The largest continuous body lies high 
on the west slope of Vulcan Mountain and surrounds or 
partly surrounds large masses of broken and meta
morphosed Paleozoic sedimentary rocks. In many 
places the boundary between volcanic breccia and the 
adjoining broken sedimentary rock must be drawn 
arbitrarily. Most of the area shown as landslide north 
of Fort Scott Gulch consists of slumped blocks and 
masses of volcanic breccia, and at many other places 
in this general area there are breccia patches too small 
to show on the geologic map. The contacts of the 
breccia cut irregularly across several types of rock, but 
at no place could the dip of the contact be determined. 

The typical breccia has a dense, light to mediu1n 
greenish-gray matrix surrounding angular or f'llbangu
lar inclusions of rocks of many types. Although the 
inclusions range from minute particles to ma~ses sev
eral hundred feet long, the most common and conspicu
ous sizes range from lh inch to 2 inches. Greenish
gray to dark-green fragments of altered roc1

r of the 
Belden shale and Minturn formation are e.~pecially 
conspicuous. The character of other fragments varies 
locally, but within a short distance it is usually possi
ble to recognize inclusions of pre-Cambrian granite, 
quartz monzonite, quartzite, limestone, shale, hornfels, 
chert, iron-stained quartz, and pink feldspar. 

Microscopic examination shows that the n1atrix is 
largely glass and broken grains of orthoclase, plagio
clase, and some quartz. Smne of the less altered plagio
clase grains are oligoclase, but most are too altered for 
accurate determinations. Chlorite, epidote, a day min
eral, and calcite are c01nmon alteration products. The 
composition of the 1natrix is probably that of a rhyolite 
or quartz latite. 

Fragments of the Mount Aetna porphyry in the vol
canic breccia establish that the volcanic b:':'eccia is 
younger than this porphyry. The volcanic bre~cia now 
exposed is extrusive, and it probably repreEents the 
first major extrusion in the Garfield quadrangle. 

FLOW BRECCIA 

Brittle Silver Mountain, on the divide between Tomi
chi and Middle Quartz Creeks, is capped by an ero
sional remnant of flow breccia that does not occur else
where in the mapped area. The remnant is nrarly cir
cular, has a diameter of almost 1,000 feet, and a thick
ness of about 200 feet. Most of the flow breccia r-ests 
on an irregular but gently north-dipping surface of 
iron-stained and chloritized Mount Princeto:'l quartz 
monzonite, but the eastern part rests for a short dis
tance on the Mount Aetna porphyry. The flew struc
ture is pronounced, and, although locally irregular and 
wavy, it is about horizontal. Good exposurer are un
common except in the high and difficultly accessible 
cliffs on the south side. 

The typical flow breccia is a pinkish-gray rock con
sisting of many small angular particles of r0ck and 
mineral in a streaky aphanitic matrix. The particles 
constitute about half the rock and most of thrm range 
from 1 to 3 mm long, although a few are as much as 
an inch. Those most cmnmonly seen in har1 speci
lnens are dark dense porphyry, hornfels, quar~z, white 
. and pink feldspars, chlorite, epidote, and hor~blende. 
The hornfels, porphyry, and some of the feldspar and 
epidote are included foreign material, but the others
quartz, chlorite, and hornblende-are, in largf~ part at 
least, related to the magma and are typically C"lntained 
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in a streaky groundmass of fine-grained and glassy 
rock. Microscopic examination shows that the matrix 
is glass in which are abundant phenocrysts, chiefly of 
oligoclase, orthoclase, and some quartz and biotite. 
The composition is probably that of a rhyolite or quartz 
latite. The pronounced flow structure, pinkish color, 
and small size of the fragments in the flow breccia dis
tinguish it from the volcanic breccia described above. 
The character of the flow breccia, its probable origi
nally small areal extent, and its proximity to a much 
larger mass of volcanic breccia to the south, strongly 
indicate, but do not prove, that the flow is closely 
related genetically to the volcanic activity that pro
duced the volcanic breccia. The flow breccia likely rep
resents the last, relatively quiet stage of this volcanism. 

WATER·LAID TUFF 

Small erosional remnants of flat-lying water-laid tuff 
are poorly exposed near the mouth of Deadman Gulch, 
along the extreme southern border of the Garfield quad
rangle. The tuff is exposed on the north side of the 
road cut immediately west of Deadman Gulch, and at 
several places along the slope to the north, tuff remnants 
rest on the Silver Plume ( ~) granite. Only a small 
patch of this tuff lies within the Garfield quadrangle, 
but a short distance to the south it is exposed in hori
zontal beds at many places in road cuts along the old 
Monarc.h Pass road and the road to Sargents. The 
highest exposure of tuff on the old Monarch Pass road 
is about 225 feet above the beds at Deadman Gulch; 
this indicates that the tuff was originally at least this 
thick before erosion. Along the main road to Sargents, 
which follows the east side of Tomichi Valley, tuff 
beds can be seen in road cuts as far as 5 miles south 
of the exposure at the mouth of Deadman Gulch. Re
connaissance along the lower slopes on the west side 
of Tomichi Valley disclosed that the tuff beds have 
been largely eroded on this side of the valley; the only 
outcrop seen was near the floor of the valley a few miles 
south of Deadman Gulch. The beds in all exposures ob
served are horizontal or else clip only a few degrees, 
generally toward the valley floor. 

The tuff is a poorly consolidated, dull-white to light
gray, fine-grained, thin- and well-bedded rock that con
tains many fossiliferous beds and lenses a fraction of 
an inch to 2 inches thick. A few large fragments of 
older rocks are present locally in lenses or as isolated 
cobbles. These are generally subangular and rarely 
exceed 6 inches in length; they are mostly pre-Cam
brian crystalline rocks, although one exposure in a 
road cut on the old Monarch Pass road reveals frag-
ments of a fresh quartz monzonite porphyry that is 
different from any rock observed in the mapped area to 
the north. Thin sections of the typical tuff show that 

about 65 percent of the rock is a dense mixture of glass 
and calcite; the rest consists of anhedral grains, 0.02 
to 0.15 mm long, of quartz and minor sodic ande1ine, 
with a little orthoclase, biotite, hornblende, epidote, 
and chlorite. The rock is probably of rhyolith or 
quartz .latitic composition. 

Fossils collected near Deadman Gulch were identi
fied by T. C. Yen of the U. S. Geological Survey as 
broken fragments of the genera Lymnaea and FlurniJni
cola. These gastropods, according to Yen, repr£.~nt 
a fresh-water environment of late Tertiary, p~ibly 
Pliocene, age. 

The tuff beds lie within and immediately north. of 
the area shown on the geologic map of Cross and Lar
sen (1935, pl. 1) as "undifferentiated volcanics mostly 
of p.re-Conejos age, but include smne Conejos and ~:·orne 
Sheep Mountain." The age of these rocks as show~ on 
their map is Miocene ( ~). The water-laid tuff l'~ds, 
however, are probably younger than the large are". of 
volcanic rocks shown by Cross and Larsen, and as the 
fossils indicate, are probably of Pliocene age. Re~on
naissance in Tomichi Valley suggests that the tuff beds 
rest on the Miocene ( ~) undifferentiated volcanic r<'~ks, 
although no definite and clear-cut relation could be 
found. During Pliocene(?) time a large fresh-water 
lake evidently occupied Tomichi Creek valley, at 1 Q,ast 
frmn Sargents northward for 6 or 8 miles to Deadman 
Gulch. 

AGE OF IGNEOUS ROOKS 

The exact geologic age or ages of the various intruqive 
and extrusive rocks in the Garfield quadrangle that 
have been described in this report are not known. On 
plate 1 they are shown as Tertiary in age without ques
tion even though the youngest strata that some of these 
bodies cut are of Pennsylvanian and Permian(?) age, 
except for one monzonitic dike in the southwes~ern 
corner of the quadrangle which cuts the Mancos s~ale 
of Late Cretaceous age (pl .. 1). However, an unq·.tes
tioned Tertiary age for the intrusive and extrusive rocks 
seems justified because of the widespread occurrenc~ of 
many similar igneous bodies in western and southwest
ern Colorado that are of known Tertiary age (Emm'lns, 
1894; Cross and Larsen, 1935), and others that are 
shown on geologic maps as of Tertiary age even tho•1gh 
they cut rocks older than Paleocene (Burbank, Lover
ing, Goddard, and Eckel, 1935 ; Vanderwilt, 1937, pl1). 

In the Garfield quadrangle an early stage of intru
sion has been postulated for the quartz diorite porphyry, 
Tincup porphyry, and rhyolite by their relatior to 
structures that formed before the main period of thrust 
faulting. Crawford (1913, p. 75) believed that the 
quartz diorite (part of this early intrusive group) is 
one of the oldest, if not the oldest, of the intru~ive 
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rocks of the Monarch and Tomichi districts by corre
lating it with a similar diorite in the Elk Mountains 
(Emmons, 1894) which is of post-Laramie age. In the 
present report the authors have tentatively shown (pl. 
1) that the 11 main intrusive bodies from quartz diorite 
porphyry through Mount Aetna quartz monzonite 
porphyry range in ages from Paleocene to Oligocene. 
This age range is based upon the assumption that these 
intrusive bodies required a considerable amount of time 
for emplacement, as indicated by the fact that some 
preceded and others followed the major period of thrust 
faulting, and that sufficient time elapsed to permit three 
periods of mineralization and possibly three main peri
ods of magmatic differentiation. 

As previousiy pointed out by Crawford (1913, p. 
75-76), the extrusive bodies of rhyolitic breccias are 
considerably younger than the intrusive bodies, for they 
were erupted after erosion had removed much of the 
probably thick original cover of the plutonic bodies 
in the northern part of the Tomichi district (pl. 1). 
The breccias are therefore tentatively assigned to a 
younger epoch, the Miocene, partly on the basis of an 
erosion interval and partly because the Miocene epoch 
elsewhere i11 Colorado, particularly in the southwestern 
part of the State, was characterized by extensive flows 
and breccias, some of which are rhyolite (Cross and 
Larsen, 1935, p. 50-54). Fossils in the water-laid tuft' 
strongly indicates that these beds were deposited during 
the Pliocene epoch. 

QUATERNARY DEPOSITS 

GLACIAL MORAINE 

Glacial moraine is widespread in the Garfield quad
rangle, and the floor and lower slopes of almost every 
long valley are at least partly covered by it. The mo
raines are by far the most common in and along the 
sides of long U-shaped valleys, although there are sev
eral areas where patches of morainal debris are high up 
on the slopes or on top o£ ridges. Although consider
able care and time were spent in outlining the areas of 
moraine, only major areas of continuous or nearly con
tinuous moraine are show~; and great preference has 
been given to showing bedrock geology rather than the 
surficial deposits, particularly in many of the high 
glacial valleys. The most extensive glacial deposits are 
in the valleys and tributaries of Chalk Creek, West, 
Middle, and East Willow Creeks, North and Middle 
Quartz Creeks, Tomichi Creek, Fooses Creek, and 
North Fork of the South Arkansas River. Some of the 
higher deposits are in hanging valleys, such as those 
north of Chalk Creek a few miles east of St. Elmo, 
or in broad basins such as the areas around W aterdog 
Lakes, west of Monarch, and north of Halls Gulch, in 
t4e western part of the quadrangle. 

The surface of many of the moraines is unev~n with 
kettles, hummocky knobs, and lake basins, although 
very large areas are merely ·thin deposits spread out 
on the valley floors and extending high up on the sides 
of the glacial valleys. In general the thicknesses as 
disclosed in prospects and shafts are not great, ~neral
ly less than 20 feet. Crawford (1913, p. 29) states that 
the greatest thickness on record (in part of the a:rea cov
ered in this report) is 56 feet cut by a shaft west of 
Monarch, and no greater thickness than this wa~ found 
by the authors elsewhere in the quadrangle. The ma
terial composing the moraines is chiefly sub~ngular 
fragments of the various rocks along the course of each 
individual glacier, although in most places Mount 
Princeton quartz monzonite and pre-Cambrian granite 
predominate. 

Most of the glacial deposits are ground moraine and 
only in a few places do distinct topographic forms of 
end or lateral moraines occur. Mirror Lake, northeast 
of the Tincup district, formed behind an end 1noraine 
of a small glacier that moved north down East Willow 
Creek valley. No end moraine is preserved in 'J:'omichi 
Valley although the large glacier that occupied this 
valley probably terminated near the present jun~tion of 
Canyon and Tomichi Creeks. The end morainal ma
terial here was undoubtedly carried away l'Y melt 
waters flowing through the narrow outlet of the border
ing steep-walled canyon. Most of the large glaciers 
terminated beyond the borders of the mapp€d area. 
Locally, remnants of lateral moraines bulge ort along 
the valley walls and in places block older str<~am-cut 
tributary valleys, but generally these ridges have 
slumped toward the valley floor. 

GLACIOFLUVIAL DEPOSITS 

Glaciofluvial material deposited by streams fed by 
former glaciers is present in some of the glacial val
leys, but, except where these deposits are fairly broad 
belts of considerable extent, they have not bee:'l delin
eated on the geologic map. N ol'th of Cumberland Pass 
the road to Tincup is in glaciofluvial material for sev
eral miles along West Willow Creek, and farther north, 
beyond the limits of the map, the glacial outwash de
bris spreads out into a very much wider belt that ex
tends from Tincup northwest into Taylor Par~r. The 
upper part of the deposit along West Willow Creek is 
well exposed in a road cut about 1,500 feet south 
of the north border of the map. Here the de.posit is 
at least 50 feet thick and consists largely of rounded to 
oval-shaped pebbles and cobbles of gneissic granite 
ranging from 1 to 8 inches long, with a little sand 
and silt, and a few boulders as much as 3 fe~t long. 
Limestone, dolomite, marble, chert, and porpl1 yry are 
minor constituents of the deposits. 
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LANDSLIDES 

Three fairly large areas of landslide occur in the 
1napped area, and all show the typical hummocky land
slide topography. The largest area about 2 miles 
northeast of Whitepine, extends in a northerly direc
tion a little more than a mile. Here rock on the lower 
slope of Monumental Peak has slid west or southwest 
toward Tomichi Creek. The rock is chiefly a mixture 
of volcanic breccia, Paleozoic sedimentary rocks,, and 
pre-Ca1nbrian granite. Several small prospect pits 
were dug in parts of this slide material, chiefly in blocks 
of mineralized sedimentary rock that had slid west
ward from the mineralized area immediately north of 
Fort Scott Gulch. 

Two fairly large areas of landslide are shown on the 
geologic map near South Fork of South Cottonwood 
Creek, in the northern part of the quadrangle. The 
smaller area is a chaotic mass of Mount Princeton 
quartz 1nonzonite ; the larger area consists of black 
schist and Mount Princeton quartz monzonite that slid 
frmn the steep slope of Emma Burr Mountain toward 
the cirque at the head of South Cottonwood Creek. 
In both the Cottonwood and Tomichi regions the land
slides resulted from slippage along steep slopes that had 
been formed locally by the alpine glaciers. 

On Monarch Ridge, particularly southeast of the 
Madonna No. 6 portal, some large masses of sedimen
tary rock have slid northwest down the hill. One 
such mass is especially noticeable a few hundred feet up 
the slope from the Madonna portal, where steeply 
dipping beds of the Devonian Chaffee formation over
lie steeply dipping beds of Ordovician age cut in the 
tunnel a short distance below the surface. 

TALUS 

Talus is present on 1nany of the steep slopes. The 
larger areas that are completely covered by talus are 
delineated on the geologic map, but many small areas 
and a few of the larger ones where there is little doubt 
regarding the character of the underlying rock are not 
shown, as the purpose of this investigation was to map 
bedrock insofar as possible. The largest area of talus 
extends for several miles in an easterly direction on 
the north slopes of Taylor Mountain and Missouri Hill. 
Small rock glaciers occur at a few places; the largest 
is about a mile east of Cumberland Pass, in the north
west part of the quadrangle, where a crescent-shaped 
area about half a 1nile wide, with characteristically 
hummocky surfaces, consists of large and small angular 
blocks of Tincup porphyry. Talus cones and rock 
streams are likewise common. Talus cones are con
spicuous along Chalk Creek valley east of St. Elmo. A 
very prominent rock stream that can be seen from far 
away extends as a narrow belt down a sharp valley on 
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the south slope of Mount Aetna and at its base rasses 
into a talus cone. Rock from the top of Mount Aetna 
has traveled down this rock stream for a distan n.e of 
a little more than 1 mile and through a vertical dis~ance 
of slightly more than 3,000 feet. The road up Middle 
Fork skirts the base of the lower part of the rock stream 
at an altitude of about 10,.765 feet and here affo:-:-ds a 
striking view up this valley toward Mount Aetnu .. 

ALLUVIUM 

Alluvial deposits are uncommon, because the streams 
of this mountainous region have high gradients vrhich 
favor erosion rather than deposition. The widest belt 
of alluvium is along Tomichi Creek at the southern 
boundary of the Garfield quadrangle where it attains 
a width of 4,000 feet although a· short distance to the 
north the belt narrows to a few hundred feet. A small 
area of alluvium, derived from the easily eroded Man
cos shale, borders Hot Springs and Stridiron G"~eks 
in the extreme southwest part of the quadrangle. 
There are several places along Chalk, Fooses, West Wil
low, and Middle Quartz Creeks, where narrow belts of 
alluvium are present locally, but these are included on 
the geologic map with the glacial deposits. These al
luvial deposits are only a few hundred feet wide at most, 
and they typically support a heavy growth of wi1lows. 
Alluvial fans and cones are widely distributed. 
Remnants of older alluvium that probably formed dur
ing or shortly following the Pleistocene glaciatio:r1 are 
preserved at a few places in small basins. 

STRUCTURE 

The structure of the rocks of the Garfield quadrangle 
is moderately complex with folds, faults, and fractures 
of diverse trends. The dominant structures trend 
northwest, and of these the most pronounced is a tl:lrust 
fault of large displacement ·that extends diago'lally 
across the quadrangle. Deformation occurred during 
pre-Cambrian, Late Cretaceous or early Paleocene 
(Laramide orogeny), and early(~) Tertiary. The 
structures are discussed on the following pages O:" the 
basis of the age of the rocks in which the struc4-ural 
features were observed. 

STRUCTURE OF THE PRE-CAMBRIAN ROCKS 

Only a very general examination of the structure of 
the pre-Cambrian rocks in the Garfield quadranglo was 
made, because a detailed study was not an objective of 
the present investigation. Such a study would ha-ve 
required at least two more field seasons of work, vhich 
was not warranted economically as most of the ore bod
ies are in Paleozoic sedimentary rocks or in veins in the 
Tertiary Mount Princeton batholith. 

Remnants of the oldest group of pre-Cambrian rocks, 
the gneisses and schists, occur in three widely separated 
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areas (pl. 1). The largest of these areas, the quartz
hornblende schist in the narthwestern part of the quad
rangle, is part of the northeast limb of a northwest
trending anticline that probably developed in large 
part during pre-Cambrian deformation and was later 
(Laramide) modified and cut off on the west by the 
Tincup fault and still later in the Tertiary period, on 
the east, by the Mount Princeton batholith. The east
ern part of the schist dips, on the average, 45° NE., 
but the western side passes locally into broad open 
flexures that were probably formed during the later 
period of Tincup faulting. In the gneiss and schist area 
centering around Middle Quartz Creek the scattered 
foliation readings indicate broad steep folds that pass 
into smaller northwest-trending folds near the western 
border of the quadrangle. In the southeastern part of 
the quadrangle the gneisses and schists occur in two 
small areas separated by 3 miles of younger granites. 
The rocks in both areas are deformed and locally in
jected by intruded granitic bodies, and no structural 
correlation can be made between the two separated 
areas. In the southern area the foliation averages a 
northwest strike and moderate to steep southwest dip. 
The structural relation of the two areas to the wide belt 
of schists and gneisses that lies east of the quadrangle 
is not known, but exposures in many road cuts indicate 
that the rocks in this belt are complexly folded and 
faulted. 

Among the granites of pre-Cambrian age, only the 
gneissic granite in the northwest part of the quad
rangle shows foliation. This ranges from conspicu
ous to very faint, and in some fairly large areas it is 
absent. The few readings obtained show a northwest 
strike, with moderate to steep northeast dips. The 
foliation probably formed during the pre-Cambrian 
before the intrusion of the Pikes Peak and Silver 
Plume ( ~) granites,· because the latter granites do not 
show strong foliation except local primary foliation 
near their borders. 

STRUCTURE OF THE PALEOZOIC AND MESOZOIC 
ROCKS 

The structure of the sedimentary rocks, particularly 
those of Pal~ozoic age, is complex. Folds and faults 
on both large and small scale are present in every large 
patch of sedimentary rocks from the Monarch to the 
Tincup district. Unraveling of the structure is com
plicated by the many unconformities within the Paleo
zoic system and made difficult by the many large areas 
of poor exposures. The unconformities cause consider
able range in the thickness of the formations, and 
marked thickening or thinning of rock sections cannot 
always be attributed to faulting or folding. 

Although the Paleozoic sedimentary rocks have been 

invaded by large Tertiary intrusive bodies an <l have 
been eroded to a series of discontinuous patches, enough 
of them remain to bring out clearly the dominant north
west trend of the folds and especially the faults (pl. 1). 
The major faults outline a broad zone that more or 
less coincides with the belt of sedimentary rocks. The 
fault zone, characterized by northeast-dipping reverse 
faults, extends diagonally across the Garfield qrq,dran
gle from southeast to northwest for at least 35 niles to 
the Aspen district (Burbank, Lovering, Godda:rd, and 
Eckel, 1935). Southeast of the Garfield quadrangle 
this fault zone, if present, is obscured in tl'~ pre
Cambrian rocks or hidden beneath Tertiary volcanic 
rocks for about 20 miles·, but the northwest-tr~nding 
fault in the Kerber Creek area west of Villa Grove, 
which brings pre-Cambrian rocks on the northeast 
against Carboniferous strata on the southwest (Bur
bank, 1932, pl. 3), may be the southern exten<;'ion of 
the same major fault zone. 

The Mesozoic rocks are preserved only in a small 
area in the southwest part of the Garfield quadrangle 
outside the belt of Tertiary intrusive bodies. T'·,~y are 
also outside the belt of most intense deformat:.on, al
though the moderate to steep eli p of the beds on the 
northeast side of a syncline and the local strike faults 
show the area to be at least moderately deformed. 

FOLDS 

Several 1najor folds can be recognized in the ero
sional remnants of the sedimentary rocks. The major 
period of folding which produced the fairly broad 
regional anticlines and synclines antedated the period 
of major faulting, although some of the n1inor cross
cutting faults and bedding slips are doubtless products 
of the period of folding. In this region wher~ post
Paleozoic erosion has been profound, the folded strata 
now preserved are chiefly in the synclines or re'llnants 
of the limbs of clownfaulted anticlines. In several areas 
large drag folds were formed along major faults, such 
as the Powderhouse, Lake, Hawkeye, Madonna, and 
Mayflower faults. These drag folds are primarily a 
product of the stage of faulting, although the faults 
thmnselves may have had their inception in earlier 
:folds. 

In the southern part of the quadrangle three synclinal 
folds are preserved in the area extending ea~t, from 
about Lake Hill in the Whitepine area to the eastern 
border of the map (pl. 1, section 0-0'), and Craw
ford (1913, p. 88 and pl. II) shows two smaller ones 
2 miles farther east, near Maysville. In the Wl'itepine 
area east of Lake Hill a gently north-plunging Eyncline 
.is cut off obliquely at its northern end by the 1\tf orning 
Glim fault (pl. 1). In the block of sedimentary rocks 
centering around Garfield the major structure j-;o essen-
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tially the east limb of a large syncline whose southern 
half passes into minor folds. The east limb is part of 
an older syncline than the present one. The western 
limb of the original large syncline has been cut oft' by 
the Lake fault, probably in the axial part of the original 
syncline~ and the beds were dragged up on the east side 
of the Lake fault creating the sharp syncline of Syncline 
Hill. This sharp syncline is strikingly seen from many 
points, especially from the northern part of Monarch 
Ridge. This local structure, imposed upon the broader 
folded area, can be traced about a mile from South 
Arkansas River over Syncline Hill to a point southeast 
of Boss Lake Reservoir where it is obscured by glacial 
debris. At its south end this fold also passes under 
surficial deposits, and farther south it is lost in the 
confusion of faults on the lower west slope of Monarch 
Ridge, although the local steep westerly dip of the over
turned beds adjacent to the Hawkeye fault may repre
sent the southern part of the fold. 

High on the 1nountain a 1nile southeast of Garfield, 
a synclinal fold has been preserved between two north
west-trending faults (pl. 1, section 0-0'); the anti
cline between this fold and the northwest-dipping beds 
at the north end of Monarch Ridge has been removed 
by erosion south of Garfield, but evidence of this north
plunging anticline is reflected in beds preserved just 
north of Garfield, even though later faults ha v.e dis
placed the strata locally. 

A broad anticline, probably with many small fol~l~, 
once connected the strata of the Whitepine area with 
those of the Monarch-Garfield area. The crest of thi.s 
anticline was probably not far from the Continental 
Divide, for a small patch of Sawatch quartzite and 
Manitou dolomite (too small to show on the geologic 
map) remains on the Continental Divide west of the 
largest of the 1V aterdog Lakes. 

About 21;2 miles northwest of Whitepine, at the head 
of Canyon Creek, is the southern end of a series of 
patches of Paleozoic strata that extends northwest more 
than 12 miles into the Tincup district. These strata 
dip northeast and form the northeast limb of a broad 
northwest-trending anticline, the southwest limb of 
which is partly preserved south and west of the junc
tion of North and Middle Quartz Creeks. The Sawatch 
quartzite of the northeast and southwest limbs of this 
large fold is separated by about 3 miles in the area 
extending northeast from near this junction. Three 
miles north, in the area around Halls Gulch, the broad 
anticline passes into a series of smaller northwest-trend
ing open folds cut by many faults, chiefly of the reverse 
type, and a little farther north, this fold unit is cut 
oft' by the Athens fault. 

In the Tincup district the beds west of the Tincup 
fault dip northeast and form the northeast limb of a 

broad northwest-trending anticline, the probable south
west limb of which is exposed for a short distance at the 
extreme western border of the map about three quarters 
of a mile southwest of Cumberland Pass. The s~rata 
here are bordered on the east by a northerly striking 
fault, but west beyond the border of the map they pass 
into a small synclinal fold. 

FAULTS 

The individual faults and faulted areas are classi
fied and described below with respect to major s~ruc
tural units and geographic location. The major divi
sions considered are the Tincup-Morning Glim fault 
zone, the Quartz Creek graben, the Bald Mountain area, 
and the Garfield region. The age relations of the vari
ous fault systems are summarized at the end of the, dis
cussion. 

TINCUP-:MORNING GLIM FAULT ZONE 

The Tincup thrust fault in the northwest part of the 
quadrangle was first described by Stark (1934, p. 1004-
1007). The Morning Glim reverse fault, in the south
ern part of the Tomichi district, was mapped by G"aw
ford ( 1913, pl. II). The present investigation has 
shown that the Morning Glim fault is an extensicn of 
the Tincup fault zone and that the original fault. has 
been cut out for 81h miles by the Mount Princeton l:~.th
olith, forming the two disconnected segments. In the 
discussion of the Mount Princeton quartz monzonite, it 
was noted that emplacement of the southwestern edge 
of the batholith was controlled in large part by the 
weak Tincup fault zone. 

The Tincup fault strikes variably northwest but 
maintains a general N. 15° W. trend. The dip averf-l.ges 
30° NE. but ranges from 10° to 40°. With the pos"ible 
exception of a small exposure near the point wherH the 
fault is cut by the Mount Princeton batholith, no ex
posures of the fault contact were found, and strikeE and 
dips must be calculated from the relation of trace to 
topography. The Tincup fault extends for a little more 
than 5 miles along steep slopes west of the Continental 
Divide, in the northern part of the quadrangle. Dark 
quartz-hornblende ~;~chist (pre-Cambrian) has been 
thrust southwestward over sedimentary rocks of Penn
sylvanian and Permian( n age (pl. 1, section A-A'). 
If it is assumed that the Sawatch quartzite, before ero
sion, lay just above the schist as exposed on the hanging 
wall of the fault, the throw of the fault would be a 
minimum of 3,200 feet and the dip slip would be about 
2 miles. However, both the throw and dip slip are fl'Ob
ably very much greater, for it is likely that erosior has 
removed a thick section of pre-Cambrian rock anc1. the 
basal Sawatch quartzite lay at a much higher position. 
This is indicated by the fact that a short distance TI')rth 
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of the quadrangle boundary lower Paleozoic units are 
exposed along the Continental Divide at an altitude of 
a bout 13,000 feet. 

The Tincup fault has no topographic expression ex
cept near the northern edge of the quadrangle, just 
south of where the fault disappears beneath glacial 
debris, where a sharp gulch about 6 feet deep and 500 
feet long marks the fault. 

The southern part of the Tincup fault zone, in the 
Tomichi district, is known as the Morning Glim fault. 
This fault cuts across a northerly trending syncline and 
brings pre-Cambrian granite in fault contact with beds 
that range in age from Ordovician to Pennsylvanian. 
Although the fault is exposed only at its southeastern 
end, where it dips 55° NE., its position can be deter
Inined fairly closely through most of the Tomichi dis
trict f.rom distribution of float fragments and from 
n1any prospect pits and mines. None of the old mine 
workings are accessible, however, and the dip and char
acter of the fault zone or fault surface cannot be ob
served. Locally the position of the fault in relation to 
topography suggests considerable variation in strike 
and dip, and in some places the dip may be vertical or 
steeply to the southwest. From Galena Greek north to 
the glacial deposits along Tomichi Creek, the fault 
trends N. 25° W., but south of Galena Creek the trend 
averages N. 45° W. About a mile east-southeast of 
Lake Hill, at the head of No N arne Creek, the Morning 
Glim fault enters pre-Cambrian granite and disap
pears beneath slope wash where it could not be traced 
farther. The throw of the fault east of Lake Hill is 
a 1ninimum of 2,300 feet. The fault zone is commonly 
marked at the surface by silicified and iron-stained 
country rock, in places as tnuch as 200 feet wide. 

The Star fault (pis. 1 and 5), 1f2 to 11h miles west 
of the Morning Glim fault, is a northerly striking and 
eastward-dipping reverse fault along which pre-Cam
brian granite has been thrust over the Paleozoic rocks 
of vV est Point Hill. This fault is of considerable eco
nomic importance because several profitable mines are 
situated along it, notably the Akron mine. The fault 
can be readily traced on the surface, chiefly by pits and 
old mine workings, from the glacial deposits high on 
Porcupine Ridge southward for a little more than 1 
mile to a point a short distance south of the ridge be
tween West Point Hill and Lake Hill, where it is cut 
by younger Mount Princeton quartz monzonite, al
though farther south it undoubtedly extends into the 
granite. The dip of the fault as determined from 
mine workings ranges from about 40° to 80° E. in the 
Akron mine, although locally the dip is steeply to the 
west. The throw of the fault diminishes from about 
900 feet near where last seen to about 500 feet a short 

distance south of Galena Creek. Rhyolite pC'~phyry 
dikes intruded part of the fault, but .renewed mC'vement 
occurred on the fault after intrusion. The fault is 
marked by a strong breccia and gouge zone in places 
attaining a width of 120 feet. 

About a mile south of West Point Hill, two small 
patches of Sawatch quartzite are preserved on tl:te west, 
or downthrow, side of a fault that strikes about N. 18° 
W. These two patches were delineated entirely by shal
low prospect pits and float fragments. A definite fault 
was not observed, but the elongated outlines of the 
quartzite patches and strong iron stain along theu 
northeast borders indicate that they are bound~d by a 
fault rather than being merely erosional patches of 
quartzite resting normally on granite. This fault, as 
well as the Star fault, is undoubtedly a subsidiary fault 
of the Morning Glim zone and the Star fault may be 
a branch of the Morning Glim fault. 

QUARTZ CREEK GRABEN 

A large down-faulted block" here called the Quartz 
Creek graben, lies in the western part of the qu3 drangle 
in the vicinity of North Quartz Creek (pl. 1, section 
B-B'). The graben trends east and is boundei on the 
north by the Athens fault and 5~ miles to tl'') south 
by the Powderhouse fault. Both faults are cnt off at 
their eastern ends by the northerly trending Tincup and 
Bald Mountain faults. The extent of the gral':m west 
of" the Garfield quadrangle is not known, but recon
naissance along the trend of the Powderhouse fault in
dicates that this fault extends at least 2 miles farther 
west. 

At no place can the Athens fault be seen at the sur
face, although several caved mine workir'!s and 
slumped prospect pits mark its general course. Tke 
trend of the fault in relation to topography indicates 
a nearly vertical dip through all but the western part 
of its course where a moderate southerly dip is ir<licated. 
West of North Quartz Creek, the fault brings pre
Cambrian granite against Belden shale (Pennsyl
vanian); east of the creek the fault is conceahd for a 
long distance under glacial debris and then enters a 
sharp valley which it follows east toward the intersec
tion with the Tincup fault. This valley is the only 
local topographic expression of the Athens fault. The 
eastern part of the fault has a throw between 1,500 and 
2,000 feet; in its western part the minimum throw, as 
indicated in section B-B', plate 1, is about 1,400 feet. 

The Powderhouse fault, situated at the soutb side of 
the graben, trends eastward along the south side of 
Powderhouse Gulch. The fault is everywh~re con
cealed, but bordering outcrops delineate its position 
fairly closely. Locally, drag along the fault ras tilted 
the beds steeply to the northeast. Pre-Cambrian 
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granite and lower Paleozoic strata on the south side of 
the fault have been brought into contact with beds of 
the Minturn formation. The fault probably dips 
steeply north, and the throw is a minimum of 3,000 
feet. 

A series of northwest-striking reverse faults cuts 
the pre-Cambrian granite and folded Paleozoic units 
on the mountain south of Halls Gulch, repeating the 
lower units at four places. The fault 1 mile east of 
the western border of the map offsets the Sawatch 
quartzite a little more than 3,000 feet horizontally, and 
the others show offsets ranging from 100 to 2,000 feet. 
These faults probably formed as a result of compres
sive stresses acting on the earlier folded rocks as they 
were being wedged between the Athens and Powder
house faults. 

FAULTS OF THE BALD MOUNTAIN AREA 

The Powderhouse fault is cut off on the east by the 
Bald Mountain fault which trends north and in turn is 
offset by the younger, northeast-trending Stridiron 
fault (pl. 1). The Bald Mountain fault dips west at 
an unknown but probably fairly steep angle and brings 
rocks of pre-Cambrian age on the east in contact with 
Paleozoic units on the west through most of its length. 
At its north end it is concealed by the broad belt of 
glacial deposits in Middle Quartz Creek valley, and its 
southern extension into the granite could not be traced 
far. North of the junction with th:e Powderhouse fault, 
the throw of this fault is at least 3,000 feet. The 
nearly vertical Stridiron fault, south of Bald Moun
tain, strikes about N. 45° E., and extends from the 
upper valley of Stridiron Creek northeast for at least 
1 mile and then apparently dies out in pre-Cambrian 
gneiss. This fault offsets the Bald Mountain fault and 
lowers the Paleozoic rocks on its southeast side about 
600 feet. 

FAULTS OF THE GARFIELD REGION 

Faults in and bordering the large area of folded 
Paleozoic rocks centering around Garfield have a domi
nant northwest strike, although the fault with the 
greatest displacement in this area, the Lake fault, 
strikes nearly north. In addition to the faults shown 
on the geologic map, there are Inany small ·ones, chiefly 
bedding slips. There has also been some n1oven1ent 
almost everywhere along the contact between the Mani
tou dolomite and the underlying crystalline rocks, but 
most, if not all, of this movement probably took place 
during the period of folding and before the main period 
of faulting. 

Two of the chief faults in this area are the Madonna 
and Mayflower, which bound a narrow fault block. 
These two faults are of special economic importance 

because the ore bodies of two large and rich mines, 
the Madonna and Eclipse, were concentrated along 
them. The Madonna fault is mainly a reverse fault 
with a steep southwest dip, although locally the dip 
is northeast. Its maximum throw of about 350 feet 
occurs at a point about 750 feet southeast of the 
Madonna No.6 portal, and the throw diminishes rrark
edly to the southeast. The Mayflower fault is concealed 
by slope wash and talus throughout most of its course 
up the slope of Madonna Ridge and little is kr0wn 
about it other than what can be seen in one short drift 
in the Madonna mine and what can be learned from the 
records of old mines now inaccessible. In the Madonna 
mine the fault dip ranges from 85° NE. to 60° SW. 
and averages vertical. Crawfor<;i (1913, p. 93) s~ates 
that the Mayflower fault was seen by him in a prm·pect 
tunnel above the Madonna No. 5 tunnel where the strike 
is N. 50° W., and the dip 70° SW. The positio!l of 
the strata bordering the Mayflower fault indicates a 
hinge fault because a slight offset of the beds 011 the 
southwest side of the fault indicates that they are down 
at the southeastern end and a mark~d offset at the north
western end indicates that here the beds are up. 

The Lake fault, west of Monarch, can be traced 11;2 
miles from the glacial debris along South Arkansas 
River north across Syncline Hill to a point about 1.,200 
feet north of Boss Lake Reservoir, where it is cut off 
by the Mount Princeton quartz monzonite. The fault 
brings pre-Cambrian granite on the west against Paleo
zoic units that dip steeply east. The lower beds have 
been greatly reduced in thickness, probably by squeez
ing. The fault is not exposed at the surface, but C:"?aw
ford (1913, p. 91-92) saw it in the Monarch Cortact 
tunnel (inaccessible in 1951) where the dip ranges from 
56° to 80° W. This is accordingly a reverse fault and 
the throw is a minimum of 3,500 feet west of Syncline 
Hill. 

There is a possibility that the Lake fault continues a 
long distance south under the glacial deposits of the 
South Arkansas River valley, but it is more likely that 
the Hawkeye fault is the southern extension of the Lake 
fault. Records of dian1ond drilling done in the 
Madonna No. 6 1nine workings suggest that the Ma
donna fault is offset by the Hawkeye fault. Surface 
mapping indicates that the Hawkeye fault is, in turn, 
offset to the northwest by the Mayflower fault; thus the 
Hawkeye ~night very logically be the offset southern 
part of the Lake fault, as indicated on the geologic 1nap. 

About 2 miles north-northeast of Garfield, near the 
head of Cree Creek, the sedhnentary rocks are appar
ently offset about 1,000 feet by a northwest fault that 
is concealed beneath the glacial debris in the valley 
(fig. 8). The offset of the sedimentary rocks on the 
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slopes of the valley is too great to be explained entirely 
by a fold as suggested by Crawford (1913, p. 125). 

STRUCTURE OF THE TERTIARY ROCKS 

A relatively mild type of deformation compared to 
the Laramide orogeny is believed to have occurred in 
early(~) Tertiary time soon after the emplacement of 
the Mount Princeton batholith. The chief effects of 
this deformation are a series of dominantly north- to 
northeast-trending fractures that are especially abun
dant in the eastern half of the quadrangle in the Mount 
Princeton quartz monzonite and rocks older than the 
quartz monzonite. Many of the fractures were later 
filled by vein material and a few by dikes. The mod
erate to steep dip of the fractures indicates that they 
were formed by dominantly vertical forces. The strike 
of the fractures suggests that the directions in which 
the opposing horizontal forces acted were chiefly north
east and southwest. 

The absence of widespread and large displacement 
of the vein-filled fractures and offset of contacts be
tween younger intrusive bodies indicate that significant 
deformation ceased after the early ( ~) Tertiary 
movement. 

STRUCTURAL CONTROL OF THE TERTIARY 
INTRUSrvE BODIES 

The size, shape, and position of some of the Tertiary 
intrusive bodies have resulted from structures that 
formed before the emplacement of the magmas. The 
two main kinds of structures affecting the intrusion are 
faults and fractures of probable early Tertiary age and 
the much older foliation of the pre-Cambrian schists 
and gneisses. Some of these structures produced large
scale effects, but others produced relatively minor fea
tures. One of the most outstanding examples in the 
Garfield quadrangle of a structure that guided the in
vading magma was the Tincup-Morning Glim fault 
zone. This fault, which has a large displacement and 
which probably shattered the bordering rocks over a 
wide zone, was an easy conduit for the southwestern 
part of the Mount Princeton batholith. Here the fault 
zone has been rather closely followed for a distance of 
81;2 miles from Whitepine to a point 3 miles southeast 
of Cumberland Pass (pl.l). Another fairly large body 
of igneous rock that has been irregularly emplaced 
along a fault is the elongated body of Tincup porphyry 
1 mile south of Cumberland Pass, which extends from 
the western border of the quadrangle east for 2 miles. 
Two examples of smaller intrusive bodies along faults 
occur south and southwest of the Athens fault in the 
same region as the elongated body (pl 1). The north
ern small body follows a northwest-trending fault, 
probably for about 1,000 feet, before branching away 

from the fault. The southern intrusive body apparent
ly was emplaced near the northwestern end of one_of 
the reverse faults near Halls Gulch. Here the part of 
the intrusive body now exposed does not have the pro
nounced elongated shape as do the other two bodies of 
·the same porphyry to the north. Perhaps stror,g frac
tures normal to the strike of the fault may have caused 
the relatively blunt termination of the body against the 
fault. The Star fault in the Tomichi district (pis. 1 
and 5) was the governing structure along which a thick 
rhyolite porphyry dike was emplaced. This relation is 
especially well observed in the .Akron mine (pl. 7) 
where the dike in large part fills the fault zone al+hough 
locally it deviates from the main fault. 

In the east-central part of the quadrangle several 
Tertiary intrusive bodies form conspicuous bel~s, 1 to 
11;2 miles wide and 4 to 6 miles long, that trend N. 50° 
to 60° E. (pl. 1). The bodies that show this trr~nd are 
andesite, Mount Antero granite, gneissic quartz mon
zonite, Mount Pomeroy quartz monzonite, and a wide 
and long dike of Mount .Aetna porphyry. A cor<:!lusive 
explanation is not at hand to account for this Inarked 
northeast trend of so many separate intrusions. How
ever, the northeast foliation in the pre-Cambrian rocks 
to the southeast along the valley of North Fork may 
reflect a similar trend in the older rocks to the north 
that lie beneath the northeast intrusive belt. These 
foliation planes, if present under the intrusive bodies, 
could have yielded weak northeast-trending zoneq along 
which the earliest of the Tertiary intrusive bodies 
(gneissic quartz monzonite and Mount Pomeroy quartz 
monzonite) were emplaced. Emplacement of ~·orne of 
the younger group of Tertiary intrusive rocks ( ande
site, Mount Antero granite, and dike of Mount Aetna 
porphyry) was also probably controlled in part by the 
northeast foliation in the crystalline rocks in tris area 
and also by the positions of the earlier emplaced north
east-trending bodies (pl. 1), notably the ande:dte in
truded between the older Mount Pomeroy and gneissic 
quartz monzonite bodies. Besides the foliation planes 
it is likely that northeast-trending fractures in the in~ 
vaded rocks played a large, if not the main, part in con
trolling the trend of the intrusive bodies. No detailed 
study was made of the fracture patterns in the sur
rounding pre-Cambrian rocks, but a similar northeast 
trend of some dikes in the older rocks to the south sug
gests such a cause. 

Bedding planes in the Paleozoic strata controlled the 
emplacement of some Tertiary intrusive bodies, such 
as the sill-of Tincup porphyry between the Leadville 
limestone and Belden shale along South Quartz Creek 
valley. In the Tincup district, to the north, the struc
ture that controlled the emplacement of the main stock 
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of Tincup porphyry could not be determined, but part 
of the western side of the porphyry was emplaced along 
bedding planes in the Paleozoic strata. 

CHRONOLOGY OF MAIN PERIODS OF LATE CRETA
CEOUS AND TERTIARY FAULTING AND INTRU
SION 

Several relations between the larger fault systems 
and the principal intrusive bodies afford some idea of 
the sequence between 1najor periods of deformation and 
intrusion. The first period of strong faulting produced 
the east-trending Quartz Creek graben, and the Tincup 
porphyry was later intruded into it. The next period 
of deformation probably came after the intrusion of 
the rhyolite and quartz diorite and was the most in
tense. It was marked by strong northeast-southwest 
compressive forces that thrust pre-Cambrian crystal
line rocks southwest over upper Paleozoic sedimentary 
rocks and formed the Tincup-Morning Glim fault zone 
and probably the Bald Mountain fault. It is believed 
that the Tincup deformation cut off the eastern end o.f 
the earlier Quartz Creek graben, even though the off
set parts of the graben faults could not be found east 
of the Tincup fault. This appar~nt absence of the off
set graben faults is readily explained by the very poor 
exposures in the pre-Ca1nbrian rocks and the later 
obliteration of large areas of pre-Cambrian rocks by 
the Mount Princeton batholith (pl. 1). The Tincup 
deformation was followed by a period of adjustment or 
settling of the displaced blocks during which the Strid
iron, and also p.robably the Lake-Hawkeye faults, were 
formed with principal1y northerly or northeasterly 
trends. Succeeding this period of adjustment several 
small stocks and the Mount Princeton batholith were 
emplaced. The batholith engul~ed and obliterated 
structures in the older rocks over a large area, and, 
around its margins, it invaded all types of rock, locally 
forming minor faults. Following crystallization and 
at least the partial cooling of the Mount Princeton 
batholith, fissures were i:ormed and many of these were 
later filled by dikes and veins, which extend as a promi
nent belt northeast for 13 1niles from upper Tomichi 
Creek valley nearly to the northeast corner of the quad
rangle (pl. 1). The Mount Antero stock was emplaced 
after the Mount Princeton batholith and its related 
dikes and veins were formed. Still later small stocks 
of quartz latite porphyry and Mount Aetna porphyry 
were intruded about 2 rniles west of the Antero stock, 
and probably at a considerably later time in this same 
area volcanic breccia and flows emerged on the eroded 
surfaces of the quartz latite and Mount Aetna stocks. 
No major deformation is known to have occurred in the 
Garfield quadrangle after the Tincup period of fault-

ing, although minor movement probably took plac~ lo
cally along many of the earlier faults and fissures. 

CONTACT METAMORPHISM 

The Mount Princeton quartz monzonite, of ali the 
many Tertiary intrusive rocks, is the only one that 
produced widespread and pronounced contact n1eta
morphic effects on the Paleozoic sedimentary rocks:· and 
the following descriptions apply to this period of meta
Inorphism. 

By far the most pronounced effect of the Mount 
Princeton intrusion on the sedimentary rocks is a re
crystallization, or marbleization, of the limestone and 
dolomite beds of the Manitou, Fremont, Chaffee, and 
Leadville formations. Except in a few small areas, 
these strata lying within half a mile of the main l~~.th
olith or its large eastern apophysis are 1narbleized, 
and in the Taylor Gulch area pronounced marbleizr.tion 
extends as far as 11h miles from the outcrop of the 
quartz monzonite. The limy beds of the Belden and 
Minturn formations are, on the average, far less mar
bleized than older ones, for reasons explained in a later 
paragraph. The areas of strongest metamorphism are 
the upper part of Cree Creek valley, the head of Tr.ylor 
Gulch, the western part of the Whitepine area, and 
the eastern edge of the belt of sedimentary rocks extend
ing from near Stella Mountain 71h miles northwe-:1t, to 
Graphite Basin. 

The marble ranges from fine grained to very coarse 
grained. Although there are many exceptions, gen
erally the Leadville and Chaffee formations are coarser 
grained and more thoroughly marbleized than the Fr~
mont and Manitou formations. The marble is pred0mi
nantly white, although locally bluish, buff, gray or 
black. The latter is graphitic marble. The purest mar
bles are composed only of calcite or dolomite graim·:· but 
in many places, particularly in Taylor Gulch and near 
the head of South Quartz Creek, silicates are prr.~ent. 
Wollastonite occurs in the limestone marble at the Gar
field quarry in bunches with a .radiating structure. Ser
pentine is locally abundant, especi~lly in the area ~om 
Stella Mountain northwest to the divide between Middle 
and South Quartz Creeks. It was formed mostly from 
the alteration of dolomite, although part of it on E't~lla 
Mountain was derived from olivine, an earlier r-eta
morphic mineral, as shown by remnants of olivine that 
accompany some of the serpentine. The large inclusion 
of marble in quartz monzonite on the south slope of 
Stella Mountain (pl. 1) shows serpentine associated 
with olivine, magnetite, calcite, and garnet. Mucl:-. ser
pentine occurs as veins or irregular patches in the 
marbleized xenolith south of Middle Quartz C."~k, 
shown on the geologic map as a patch of undifferenti-
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ated Paleozoic rock. Many of the marbles contain 
sparse grains of diopside, and locally this mineral is 
abundant, notably as a bed about 6 feet thick west of 
the Victor mine in the White pine area, and also associ
ated with phlogopite in a marble on the north slope of 
West Point Hill. Diopside locally replaces chert 
nodules, especially in the Manitou beds of the Cree 

~ Creek area. Garnet occurs sparingly with the marble, 
but it is much more common in the calcareous shaly and 
sandy beds. 

The contact metamorphism of the sandstone, shale, 
shaly limestone, and limy shales of the Belden and Min
turn formations has produced marked changes. The 
shale passes through stages of minor baking to argillite, 
graphitic shale, graphite (in Graphite Basin), and 
hornfels, especially cordierite hornfels. The sandstones 
were everywhere converted to quartzite containing local 
assemblages of contact metamorphic minerals. The im
pure limy rocks display the greatest variety of minerals 
and in many places pass into a hard dense hornfels, as 
readily seen high on the slopes east of North Quartz 
Creek, parts of Syncline Hill, and along the ridge ex
tending west from the head of Taylor Gulch. The most 
common minerals in the impure limy or shaly beds are 
garnet (andradite), epidote, diopside, and calcite. 
Many individual beds are composed largely of either 
garnet or epidote or both, and some attain a thickness 
of at least 30 feet, as for example a garnet bed at the 
head of Taylor Gulch, and epidote beds in the Cree 
Creek area. The quartzite beds contain variable quan
tities of biotite, magnetite, tremolite, diopside, garnet, 
and epidote. The laminae of biotite give the rock the 
appearance of a gneiss or schist. 

Two very irregular but nevertheless distinct min
eralogic and lithologic zones can be recognized in the 
metamorphosed sedimentary rocks bordering the Mount 
Princeton batholith. Rocks within about 2,000 :feet of 
the batholith are almost everywhere characterized by 
epidote, garnet, diopside, and locally magnetite and 
olivine, the latter mostly altered to serpentine. Hard 
flinty hornfels, graphitic shale, and coarse-grained 
dolomite and limestone marbles are the typical rocks. 
Outward from this zone of silicated and high-tempera
ture minerals is an irregular zone, locally as much as 
1% miles wide, in which the characteristic rocks are 
coarse- to fine-grained dolomite and limestone marbles, 
slightly indurated shale, and argillite. Locally, tremo
lite and wollastonite are abundant in the marble. 

The metamorphic zones described above are the re
sult of pyrometasomatic processes related to the Mount 
Princeton · magma, and in turn the two zones are 
chiefly an expression of the distances from the batholith. 
In places, however, :faults, fractures, and bedding slips 

afforded easy access to the heat, solutions, and vapors, 
and the shape of the metamorphic zone was rr0dified 
accordingly. Only to a very slight extent VTas the 
marbleization of the limestones and dolomites caused 
by folding and faulting, because strongly fold~d and 
faulted beds distant from the quartz monzonite are 
rarely marbleized. The occurrence at many places in 
the Garfield quadrangle of unaltered, or only slightly 
altered, limestone beds alternating with hard qu~.rtzites 
seems best explained by relative permeabilitieR. Hot 
solutions and gases fr01n the bordering Mount Prince
ton batholith moved more readily through the porous 
sandy beds than through the limestone beds, ancJ almost 
all the sandy beds were transformed to quartzite. 

In the Whitepine area the marbleization of t}'o, rocks 
has been controlled chiefly by the earlier formo,d Star 
fault and the blanketing effect of the lower shr.le beds 
of the Belden shale. Here the pronounced area of 
marble occurs west of the Belden strata and extends 
from near Tomichi Creek south to an east-wo,st line 
about at Spring Creek. Except at the north end of 
this area near the contact with the Mount Princeton 
batholith, the limestone beds of the Belden show little 
or no recrystallization, although the underlying Lead
ville limestone is extensively marbleized. This varia
tion in metamorphism is further indicated by a com
Inon development of contact metamorphic mino,rals in 
the quartzite beds at the base of the Belden, such as 
occur in the Erie and Eureka-Nest Egg mine workings. 
The beds of Ordovician to Mississippian age between 
Spring Creek and the Morning Glim :fault are mostly 
unmetamorphosed, except that marble has locally 
formed in irregular masses in the Leadville ani Chaf
fee formations along the Morning Glim :fault 1,000 
to 2,000 feet southeast of the Annie Hudson rr.ine. It 
therefore seems likely that heat, solutions, and vapors 
from the Mount Princeton batholith migrated upward 
and to the south along the Star fault, but tl: e lower 
shale beds of the Belden were nearly impervious to the 
n1etamorphic agents. 

ORE DEPOSITS 

LOCATION OF MINING DISTRICTS 

The following mining districts lie wholly o~ partly 
within the Garfield quadrangle: Tin cup, Quartz Creek, 
Tomichi (Whitepine), Monarch, and Chalk Crr~ek. All 
districts except Monarch and Chalk Creek are west of 
the Continental Divide. The Tincup district, which is 
in the northwest part of the quadrangle, is about 5 miles 
long and llh miles wide and extends appro:r:imately 
from an east-west line through Cumberland Pa8s north 
to the town of Tincup, one-third of a mile north of the 
map border, although the most productive part of the 
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district extends fr01n about three-fourths of a mile 
north of Cumberland Pass to the north end of Duncan 
Hill. The Quartz Creek district adjoins and lies south 
of the Tincup district. It is a fairly large, rather 
vaguely defined district chiefly bordering North Quartz 
Creek in the mapped area, but extending several miles 
west and southwest beyond the junction of North and 
Middle Quartz Creeks. About half of the district lies 
within the Garfield quadrangle. 

The Tomichi, or Whitepine, district is about 6, miles 
long by 4 miles wide and centers around the old and 
now completely dilapidated town of Tomichi, at the 
junction of Tomichi and Robbins Creeks. In recent 
years most of the production has been from the south
ern part of the district, in the Whitepine area. Brittle 
Silver Basin and Stella Mountain are regarded as part 
of the Tomichi district, although they might be consid
ered part of the Quartz Creek or Chalk Creek districts, 
as Brittle Silver Basin is in the Quartz Creek drainage 
area, and the diggings are continuous over the Conti
nental Divide into the Chalk Creek district. The 
Monarch district is in the southeast corner of the quad
rangle and embraces the mines east of the Continental 
Divide and north to and including the headwaters of 
Middle and North Forks of the South Arkansas River; 
it is bounded on the west by the Tomichi district and 
on the north by the Chalk Creek district. The Chalk 
Creek district, as the name implies, lies in the area 
drained by Chalk Creek. 

HISTORY OF MINING 

The early prospectors moved into the Arkansas River 
valley in 1859 or 1860 (Henderson, 1926, p. 107) and by 
late 1860 most of the stream valleys in the Garfield 
quadrangle had been prospected for placer gold. The 
first reported discovery was on Willow Creek in the 
Tincup mining district (Poet, 1932, p. 30). From 1860 
to 1870 placer mining was the chief activity, but some 
lode deposits were doubtless discovered and worked. 
The earliest information on a lode mine in the quad
rangle is given by Ray1nond (1877, p. 314) who re
ported that in 1875 Chapman and Riggins were build
ing a mill of 10-ton capacity in Chalk Creek valley to 
treat ores from their mines, one of which was the Mary 
Murphy. According to Crawford (1913, p. 195, 224), 
ore was first discovered in the Monarch district in 1878 
and in the Tomichi district in 1879. The first lode mine 
in the Tincup district was the Gold Cup, discovered in 
1878 (Poet, 1932, p. 31). 

Between 1878 and 1882 most of the larger ore deposits 
in the region were discovered. During this period of 
discovery and development, many towns were estab
lished. Some of these were Tincup, Hillerton, and Vir-

ginia City in the Tincup district; Pitkin in the Qr~rtz 
Creek district; Maysville, Monarch, Garfield, and Shav
ano in the Monarch district; Whitepine and Ton1ichi 
in the Tomichi district; and Forest City (later ren2.med 
St. Elmo), Alpine, Romley, and Hancock in the Chalk 
Creek district. The population of these towns flnctu
a~ted considerably depending upon the development of 
the mines and new discoveries in other parts of the 
State. In 1951, only Pitkin, Monarch, Garfield, St. 
Elmo, and Whitepine had permanent residents. 

In 1883, according to Crawford (1913, p. 196), 
A. Eilers organized the Colorado Smelting Co., which 
took over the Madonna mine, in the Monarch dis~rict. 
The railroad, which had been built to Maysville in 
1881, was extended to Monarch, and the Colcrado 
Smelter was built at Pueblo, Colo., to process the. ore. 
The Madonna mine furnished basic ore for fluxing with 
siliceous ores from other districts in Colorado. 

The Denver, South Park & Pacific Railroad, a nar
row-gage line, reached Alpine in 1880. In 188l the 
,railroad was extended to St. Elmo and in 18f2 to 
Quartz and Pitkin west of the Continental Divide, thus 
1naking railroad transportation available to the C\alk 
Creek and Quartz Creek mining districts. Ore from 
the Tincup district was first hauled by wagon over 
Tincup Pass to the railroad at St. Elmo, and later over 
Napoleon Pass to the ,railroad at Quartz. That part of 
the railroad within the quadrangle was abandoned in 
1910. 

The greatest period of activity in all the mining dis
tricts was from 1883 to 1893. Nearly all the produc
tion during this period was from lode mines, but r. few 
placer mines were still operated in the Tincup dis+,rict. 
Many of the larger mining companies operated 1nills. 
Small smelters were built in most of the district:~ but 
were mostly unsuccessful. In 1893 the price of rilver 
dropped :from $1.27 per ounce to $0.70 per ounce (Poet, 
1932, p. 32) and as a result most of the mines were 
closed and the towns abandoned. 

In 1904 renewed interest in gold resulted in a second 
boom in the Tincup district; the production came pri-
1narily from the Gold Cup mine. In the Chalk Creek 
district, the Mary Murphy mine increased its produc
tion, but in other districts production was small. From 
1908 to 1912 an attempt was made to use gold dredges 
in the Tincup district, but the project was a :failure 
(Poet, 1932, p. 33), and since then there has been very 
little activity in this district. 

With the start of World War I there was ren~wed 
activity in most of the mining districts. In the Mon
arch district the Madorma, Garfield, and Eclipse mines 
were again in production, as were several smaller prop
erties. The Morning Star and Akron mines were the 
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major producers in the Tomichi district, and the Mary 
Murphy mine in the Chalk Creek district. A small 
quantity of tungsten and molybdenum was produced 
from some mines in the northern part of the Quartz 
Creek district. 

Between 1924 and 1940 there was only intermittent 
activity in the Monarch, Tomichi, and Chalk Creek dis
tricts, and a small amount of placer mining was done 
in the Tincup district. At the start of World War II 
a few mines were reopened in the Monarch and Tomi
chi districts. The important producing mines in the 
Monarch district during this period were the Garfield 
and Hawkeye, and in the Tomichi district, the Akron 
and Erie. Most of the mines closed shortly after the 
end of the war, although the Akron was still in produc
tion in 1952. 

PRODUCTION 

The value of the ore produced from the mining dis
tricts in the Garfield quadrangle is estimated to be 
about $30,000,000, as shown in the table below : 

Approa:imate value of ore produced from the mining districts 
in the Garfield quadrangle, Colorado 

District 

Value, 
1901-49, 

from pro
duction 
records 

Estimated 
value Total value 

before 1901 

Monarch_____________________________________ $4,195,000 $9,000,000 $13,195,000 
TomichL.------------------------------------ 4,137, 000 2, 500,000 6, 637,000 
Chalk Creek.-------------------------------- 5, 330.000 600,000 5, 930,000 
Tincup_ -------------------------------------- 56,000 3, 000,000 3, 056,000 
Quartz Creek------------------------------ ---

1 
__ 226_, ooo_

1 
__ 400_,_ooo_

1 
___ 6_26_, ooo_ 

13, 944, 000 15, 500, 000 29, 444, 000 

The value of the ore produced in the various districts 
before 1901 (the year in which accurate statistical data 
were first assembled) is based upon specific as well as 
very general information obtained from many sources. 
In the Monarch district, almost 50 percent of the total 
output came from the Madonna mine; in the Chalk 
Creek district, the 1\Iary Murphy group of mines (Mary 
Murphy, Lady Murphy, Lady Catherine, Iron Chest, 

Tressa C) has accounted for at least 75 percent; in the 
Tincup district, the Gold Cup mine has produced about 
50 percent of the total value of ore recovered. 

The following table gives the production of gold, sil
ver, copper, lead, and zinc by districts from 1901-49. 

The total value of tungsten and molybdenum ere pro
duced from the northern part of the Quart'z Creek 
district is probably not more than $25,000. Tweto 3 

reports that tungsten and molybdenum ore valued at 
$16,000 was shipped from the Ida May claim during 
World War I and about 25 tons of sorted molybdenum 
ore said to average 4.5 percent MoS2 was shipped from 
the Molybdenite mine. Small lots of tungsten, most 
of it picked from dumps and float, were produce,d from 
time to time since 1918 and shipped to the n1ills of 
Boulder County. In 1948 a shipment of 21 tons of 
tungsten ore was made from the Complex mine, but 
the value is not known. 

ORE BODIES 

The ore deposits in the Garfield quadrangle are of 
two main classes: replacement deposits in the srdimen
tary rocks, and vein deposits in sedimentary, htrusive 
and pre-Cambrian rocks. On the basis of the value of 
the ores produced, the vein deposits are nearly e,qual in 
value to the replacement deposits, but this is due largely 
to the output from a few veins on the Mary ]furphy 
group of claims which have accounted for al'')Ut 75 
percent of the total value from all vein deposit:1 in the 
quadrangle. 

REPLACEMENT DEPOSITS 

The replacement deposits are chiefly in limestone and 
dolomite of the Manitou, Chaffee, and Leadville forma
tions, although a few are in quartzite. Most of the 
deposits are in the Monarch, Tomichi, and Tincnp min
ing districts in the larger areas of sedimentary rocks 
near or adjacent to the Mount Princeton bathclith. 

Most of the ore bodies, especially the larger ones, 
occur either as bedded replacement deposits or as irregu-

3 See footnote 1 on p. 4. 

Production 1 of gold, E>ilver, copper, lead, and zinc from the mining d·istricts within the Garfield qua1rangle, 1901-49 

[Compihd from racords of A. J. Martin, Statistics Branch, Economics Division, U. 8. Bureau of Mines, Denver, Colo.] 

Crud~ ore Gold Silver Coppnr LPad Zinc District produc-d 
(dry tons) (ounc2s) (ounc:>s) (pounds) (pounds) (pounds) 

------ --------------
TinCUP-------------------------------------- 4, 133 1, 031 41,860 1, 200 165,369 9, 520 Quartz Creek _________________________________ 8, 688 1, 185 297,336 4, 934 16, 722 5, 359 Tomichi _____________________________________ 101,855 1, 298 614 690 434, 106 23,307,927 29,629,737 
~onarch _____________________________________ 123, 010 11, 589 1, 083 716 1,933, 608 13,271,340 15,560,686 Chalk Creek __________________________________ 317,369 111, 003 1,014. 686 1 099. 574 18,903,595 14, 602, 272 

Total---------------------------------- 555,055 126, 106 3 052, 288 3.473,422 55,664,953 59,807,574 

1 Production in terms of gross metal content of ore. 
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lar deposits along premineral faults and fractures. 
Locally the bedded or blanket-type deposits and those 
associated with faults intergrade, and some irregular 
replacement bodies seem to conform neither to bedding 
nor prominent fissures. In all types of replacen1ent 
bodies the outline between ore and wall rock is very 
irregular. Most of the ore shoots pinch and swell; the 
swells may be very irregular or as lenses. Many shoots 
are connected by iron-stained joints or iron-stained 
bedding planes. 

Bedded replacement deposits are especially important 
economically in the Tincup district; ore deposits in 
the Gold Cup, Silver Cup, Tincup, Robert E. Lee, 
Drew, EI Capitan, and West Gold Hill mines are of 
this roughly tabular for1n. The ore bodies commonly 
plunge northeast down the gentle to moderate dip of 
the beds. Most of the ore mined in the district lies 
along the contact of a gray limestone and overlying 
dolomite in the Leadville formation about 150 feet 
stratigraphically below the top, although some ore 
bodies occur at stratigraphically lower positions, as near 
the base of the Leadville, in limy beds immediately 
above and below the top quartzite bed of the Parting 
member of the Chaffee formation, at the top of the 
Fremont dolomite, and in the Manitou dolomite. In 
the Tomichi district, the principal bedded deposits are 
in the Erie and Eureka-N est Egg mines. Here the ore 
bodies are in the upper part of the Leadville limestone 
at or near the contact with the overlying Belden shale. 
In the Monarch district, small bedded replacement 
bodies have been mined from all of the calcareous 
formations, but the most favorable host rock is the 
Manitou dolomite, particularly the lower part, at or 
near the contact with the underlying pre-Cambrian 
crystalline rocks. Both the Lilly and Garfield mines 
obtained ore from this zone. 

The largest blanket ore body so far discovered in 
the quadrangle is in the Gold Cup mine, where a fairly 
continuous mineralized body extends along the strike 
of the beds for a distance of about 1,000 feet and down 
dip for about 800 feet. This body contained several 
rich shoots (Goddard, 1936, p. 573) which ranged fron1 
30 feet to several hundred feet in length, 10 feet to 60 
feet in breadth, and 1 foot to 7 feet in thickness, averag
ing about 3% feet. 

Some important replacement deposits are so clearly 
related to premineral faults that they warrant special 
mention, particularly since three economically impor
tant mines are of this class. In the Monarch district 
the Madonna ore body lies adjacent to the Madonna 
fault, and tl1e Eclipse ore body is associated with the 
Mayflower fault. In the Tomichi district, most of the 
ore in the Akron mine is in the sedimentary rocks along 

the west side of the Star fault. In the Quartz Creek 
district the ore in the Maid of Athens, Citizen, anq Ben 
Franklin mines probably lies in the sedimentary beds 
near or adjacent to the Athens fault. 

Although many ore shoots along faults are small 
lenses or pods measured in inches, some attain large 
dimensions. In the Madonna mine the main ore body, 
although irregular and not an entirely continuo11s ore 
shoot, extended for a pitch length of about 2,000 feet, 
a 1naximum breadth of 80 feet, and a maximum thick
ness of 40 feet. The ore shoots in the Akron mine occur 
chiefly along the west side of the Star fault, arrl the 
largest of these was 1nined for a pitch length of about 
300 feet, a breadth of about 150 feet, and an ayerage 
thickness of 8 feet. Most of the ore shoots along faults 
plunge moderately to steeply toward the Mount P."ince
ton batholith. 

The mineralogy of the replacement deposits varie& 
somewhat in details but in general all deposits are 
1narkedly similar. The chief sulfide mineral'· are 
galena, sphalerite, pyrite, and some chalcopyrite; as a 
rule pyrite and galena are more widely distributed tha:n 
chalcopyrite or sphalerite. A. large part of the pyrite is 
gold-bearing, and practically all of the galena c~.rries 
some silver values, in places large amounts. Pyrr:'lotite 
occurs locally in the Garfield mine in association with 
other sulfides. Minor a1nounts of enargite, tetrahrdrite, 
and tennantite are found in the ores of a few mines in 
the Tomichi district. The sulfides form fine-grained to 
1noderately coarse-grained masses, small pods, hnses, 
or discrete grains disseminated in limestone or dolo
mite. Pyrite in the form of cubes, pyritohedro:'ls, or 
irregular grains, is by far the most abundant and wide
ly distributed metallic mineral, and locally it forms 
nearly pure masses either remote from the other sulfides 
or as an irregular border to the other sulfides. Sphaler
ite varies from light green to dark brown although a 
brown resinous variety is 1nost typical. Almost every
where the gangue is marbleized limestone or dolomite, 
generally with some quartz or silicified limestone. In a 
few places earlier formed contact metamorphic min
erals make up part of the gangue. Quartz is more 
abundant in the ore of the Tincup district than in either 
the Tomichi or Monarch districts. 

The oxidized ore of the replacement deposits is 
typically yellowish to reddish brown and ranges from 
soft, porous~ and earthy to a hard, dense, almost flinty, 
material. The chief ore minerals of the oxidized zone 
are cerussite, residual patches or grains of galenr., and 
free gold. Other minerals, some of which are locally 
of considerable economic importance, are smiths'lnite, 
calamine, anglesite, cerargyrite, a-rgentite, cuprite, 
malachite, azurite, chrysocolla, wulfenite, and ref1dual 
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grains of sphalerite, chalcopyrite, and pyrite. Cerus
site is white to dark gray and occurs as patches, seams, 
and as crystals as much as half an inch long lining ca vi
ties. In places, especially in the Tincup district, galena 
is coated or seamed by cerussite or anglesite or both. 
Free gold is contained in limonite, and also probably in 
some pyrite. The gangue is chiefly limonite or a mix
ture of limonite and quartz. The relative proportions 
of quartz and limonite vary greatly, although some 
limonite occurs in all the oxidized bodies. Locally cal
cite, dolomite, silicified limestone, and altered country 
rock accompany the typical gangue minerals. 

The order of deposition of the chief primary minerals 
began with quartz and pyrite, and was followed by 
sphalerite, chalcopyrite, and galena. A study of pol
ished sections of the ore from the Tomichi district shows 
pyrite cut or replaced by chalcopyrite, sphalerite, and 
galena; sphalerite by chalcopyrite and galena; chal
copyrite by sphalerite and galena; and galena by 
sphalerite. This indicates that chalcopyrite, sphalerite~ 
and galena were deposited almost simultaneously, and 
a. slight variation in conditions caused one or the other 
to deposit first. Galena formed about simultaneously 
with the other two but its deposition probably con
tinued after that of chalcopyrite and sphalerite had 
stopped. Quartz was deposited during and after the 
main sulfides formed. Locally calcite and dolomite 
seams cut the sulfides and quartz. 

In the Tincup district, where the oxidized ores can 
best be observed on some of the mine dumps, the order 
of formation of the oxidized minerals seems to have 
been cerussite, malachite, chrysocolla, calamine, and 
drusy quartz. Locally small crystals of wulfenite rest 
on drusy quartz. 

The depth of the zone of oxidation in the Garfield 
quadrangle is variable, ranging from almost zero to 
about 1,000 feet, and the bulk of all ore mined so far 
was at least partially oxidized. As a rule the ore in 
the replacement deposits is more thoroughly oxidized 
and oxidation extends to greater depths than that in 
the vein deposits. This can be explained in part by the 
fact that most of the veins are in areas that have been 
intensely glaciated, and consequently much of the oxi
dized material, which formed before the time of glacia
tion, has been removed. Furthermore most of the ore
bearing veins cut igneous and metamorphic rocks which 
are less permeable to the oxidizing solutions than are 
the sedimentary rocks. . 

In the larger bedded replacement bodies nearly all 
the ore is oxidized, and the zone of partial oxidation 
locally extends down the dip of the beds for 1,000 feet. 
However, in these larger bedded bodies the dip of the 
strata containing the ore is generally only a little 

steeper than the surface slope above, and few, if any, 
parts of the mine workings are more than a fevr hun
dred feet vertically below the surface. In the Madonna 
mine partially to completely oxidized ore bodies plunge 
northwest for a distance of about 2,000 feet, but at no 
place are they more than 1,000 feet vertically below the 
surface of the slope of Monarch Ridge. 

In general, conclusive evidence of secondary enrich
ment in the replacement deposits is notably lacking. 
However, Crawford (1913, p. 218-220), from a study 
of the values of the Madonna mine and an examination 
of ore from parts of this mine, concluded that in the 
process of oxidation, the ores of the higher levels lost 
part of their gold and silver, and that these were re
deposited in part in the oxidized zone at a lowe:r level 
in the mine. The removal of much pyrite and possibly 
sphalerite in the higher levels resulted in ores richer 
than average in lead. In the Gold Cup mine, however, 
reports have it that the reverse is true-the upper levels 
were rich in gold and low in silver and lead, but at. 
depth both lead and silver values increased and gold 
decreased. 

Localization of the ore bodies of the replacement 
deposits has been governed by the composition of the 
beds, by permeability, by structure, or by a combination 
of these. Smne shoots, such as those in carbonate rock 
immediately below quartzite, shale or granite, were 
apparently formed by a trapping of the ore sol·1tions 
beneath these less permeable beds. Other shootf:· such 
as those that lie at the contact of limestone and dolomite 
in the Leadville limestone in the Tincup district, prob
ably formed in the more soluble and therefore probably 
more permeable limestone in preference to the dens(l' 
dolomite. At many places structures have clearly con
.trolled the migration of the ore solutions. Th~ Ma
donna ore shoot along the Madonna fault, the Eclipse 
ore shoot along the Mayflower fault, and the Akron ore 
shoot along the Star fault are typical as well as im
portant economic examples of the localization of ore 
by faults. Ore concentrated in small folds occurs lo
cally, such as in the old North Star workings of the 
Akron mine. Bedding-plane slips and brecdation 
along bedding planes have localized ore bodies at many 
places by affording channels for the ore solutions. 

A somewhat separate group of replacement deposits 
that are rich in magnetite occur at many places in the 
Garfield quadrangle in limestone and dolomite 1: ~ds at 
or near contacts with intrusive rocks. All of these, 
with the exceptions of the two deposits mention~d be
low, are very small bodies near or bordering the ffount 
Princeton batholith. Magnetite and some he"Uatite 
and .limonite are associated with contact metamorphic 
minerals such as garnet, epidote, diopside, and s~rpen-
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tine. Some of the iron deposits carry a little gold, sil
ver, and copper. In the Tincup district, the Cumber
land mine and several small opencuts nearby produced 
some iron ore for flux many years ago. The ore occurs 
in a layer of limestone of the Belden shale that lies be
tween the quartz diorite porphyry and the Tincup por
phyry (pl. 1) . Most of the iron ore is magnetite in 
small octahedra, cmnmonly twinned, in a gangue of 
quartz, calcite, garnet, diopside, serpentine, and tremo
lite. One specimen of magnetite-rich ore seen on the 
Cumberland mine dump contained a few minute grains 
of chalcopyrite. Copper stains are common along 
n1any joint surfaces. The Iron l{ing mine in the To
michi district is in. metamorphosed limy beds of the 
Belden shale at the north end of the Morning G lim 
fault, near where the fault is cut off by the Mount 
Princeton batholith (pl. 1). The ore varies frmn a 
compact magnetite with seams and specks of limonite 
to scattered grains of magnetite in a gangue of epi
dote, garnet, chlorite, quartz, calcite, serpentine, and 
tremolite. Some pyrite and secondary copper stains 
occur locally. The mine workings were badly caved 
and slumped when visited in 1950, and the contact be
tween igneous and sedin1entary rocks could not be seen. 
Crawford (1913, p. 305) reports that in 1910 the mine 
showed a face of magnetite about 30 feet high. He also 
states that it was reported to him that 2 tons of rich 
copper ore in the form of cuprite was shipped from the 
surface near the deposit, but no other workable copper 
ore has been found in this vicinity. 

All the replacement deposits previously described are 
believed to be genetically related to the magma that 
produced the Mount Princeton batholith, as described 
later under "Origin and relative ages of mineraliza
tion." 

VEIN DEPOSITS 

Veins are widely distributed but are most abundant 
in the north-central part of the quadrangle (pl. 1). The 
veins are of four classes : pyritic quartz, hubnerite
molybdenite, quartz-fluorite, and quartz-beryl-pyrite. 
These groupings are a classification based chiefly upon 
the most abundant or significant minerals present, al
though it is in part a genetic classification as described 
under "Origin and relative ages of mineralization." 
The pyritic quartz veins locally contain minerals that 
have yielded most of the gold, silver, copper, lead, and 
zinc. The total value of tungsten, molybdenum, and 
beryl ores that have been produced is very small. 

PYRITIC QUARTZ VEINS 

The pyritic quartz veins are the most important eco
nomically of the four classes of veins, for they locally 
contain concentrations of valuable minerals, especially 
sphalerite, argentiferous galena, gold, chalcopyrite, 

cerussite, anglesite, and smithsonite. They are ahvl by 
far the most numerous and widely distributed of the 
four. Most of the pyritic quartz veins are east of the 
Continental Divide (pl. 1). The principal vein zone 
extends from upper Tomichi Creek valley northeast al
most to the corner of the quadrangle, a distance of a bout 
13 miles, and in this zone the greatest concentration of 
veins in the quadrangle centers around the Mary lf ur
phy mine, south of St. Elmo. Smaller clusters of TTeins 
center half a mile south of Taylor Mountain, and 
around upper North Fork, Grizzly, and Baldwin C;eek 
valleys. . 

Most of the veins strike north toN. 35° E., although 
some strike northwest and still fewer strike nearly east. 
West and northwest dips, ranging from 50° to 90°, are 
by far the most connnon. In length and thickness the 
veins range from stringers a few feet long and a frac
tion of an inch thick to veins about a mile long and 10 
feet thick. In some places closely spaced veins, or vein 
zones, are 50 feet wide. The largest number of v~ins, 
however, on which substantial prospecting has been 
done are 500 to 1,000 feet long and 1 to 3 feet thick. 

The veins are chiefly in fissures in the Mount Pr~nce
ton quartz monzonite along the eastern border of the 
arm of the batholith that extends into the Garfield 
quadrangle. Some veins cut rocks older than the Mount 
Princeton quartz monzonite and are as much as 2 niles 
distant from the batholith. Those in the sedimentary 
rocks generally follow bedding planes. Very few py
ritic quartz veins, as well as veins of any other class, 
are in rocks younger than the Mount Princeton, such as 
the quartz latite and Mount Aetna porphyries and the 
volcanic breccia. There is no apparent relation between 
the composition and physical properties of the vein 
matter and the country rock. 

With few exceptions the veins are poorly exposf-1 at 
the surface and have no topographic expression. Jfost 
prospects and mines were started either in small out
croppings, or along iron-stained fissures, or near a local 
concentration of float fragments of vein matter. Of the 
many veins found in the quadrangle only a reltlltively 
small proportion has proved to be of significant eco
nomic importance. Few veins have been explored to a 
depth of more than a hundred feet below the surface, 
and many only a few feet, but nearly all veins not con
cealed in large part by heavy talus or glacial dep'lsits 
have been prospected at fairly short intervals. The 
most notable exception to the above statements i::: the 
Mary Murphy vein which has been worked through a 
vertical range of about 2,200 feet from the surface out
croppings on Chrysolite Mountain to the Golf tunnel 
level (pl. 1) in Chalk Creek valley. Parts of this 1nine 
as well as several others were accessible when visi.ted, 
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but most of the information concerning the veins was 
necessarily obtained from shallow prospect pits, mine 
dumps, and a few outcrops. 

.As the classification of these veins implies, they are 
composed chiefly of quartz and pyrite, with quartz al
most everywhere greatly in excess of pyrite. .A few 
veins, generally short and narrow, consist only of 
quartz and others of pyrite. Most of the quartz is me·· 
dium to coarse grained, white, and vuggy. The vugs 
range from a fraction of an inch to several inches across 
a.nd are lined with well-formed quartz crystals some as 
long as 2 inches. Along some veins a fine-grai~ed and 
~n places _brecciat~d, gray quartz occurs in ban~, lh 
Inch to 6 Inches wide, between the wall rock and white 
quartz, or as irregular patches in the white quartz. 
Locally in other veins, white vuggy quartz is cut by 
fine-grained gray quartz. 

Pyrite, either singly or with other sulfides is con
tained in the quartz as irregular patches band~ or dis-

. d . ' ' seminate grains, and it is locally disseminated for 
se~eral feet into the wall rock. Pyrite ranges from 
minute specks to crystals an inch across and occurs as 
i:re~ular grains, c?bes, and pyritohedr~ns. Some py
rite Is copper-bearing and some is reported to contain 
free gold. The principal sulfide minerals in addition 
to pyrite, are sphalerite, galena, and ~halcopyrite 
which may occur singly or in combination with each 
other, although sphalerite and galena are commonly 
closely associated. Chalcopyrite is generally far less 
abundant than the other principal sulfides and occurs 
mos.tly in scattered grains. Sphalerite varies from yel
lowish brown to the black iron-rich variety; marmatite. 
Both sphalerite and galena range in grain size from 
fine to coarse and are generally in anhedrons. Most of 
the galena is silver-bearing. .Accessory sulfides found 
locally in small amounts are tetrahedrite enargite 

. ' ' argentite, greenockite, molybdenite, and tenorite. 
The common ore minerals of the oxidized zone are 

cerussite, smithsonite, anglesite, and residual grains of 
galena. Others of local occurrence are malachite 
a~urite, c~rys~colla, ca~amine, psilomelane, and pyrolu~ 
s~te. Native silver, native copper, cuprite, and cerargy
rite are rare. The gangue is limonitic quartz and limo
nite. Free gold probably occurs in some of the limonite. 

Gangue minerals other than quartz, pyrite, and limo
nite occur in a few veins, mostly in the Mary Murphy 
area. This group of minor gangue minerals includes 
calcite, rhodochrosite, rhodonite, barite, and fluorite. 
White, and in places pinkish, calcite in fine to coarsely 
crystalline form is especially common in the Mary 
Murphy and most of the surrounding veins; it is also in 
a few other veins many miles distant. Rhodonite and 
rhodochrosite occur chiefly as a tough fine-grained mix-

ture with quartz, which forms stringers, lenses, and 
pods, a fraction of an inch to several inches in thick
ness, near the center of the veins. Pods of rhodoc~rosite 
occur locally in the Mary vein. Barite occurs in only a 
few widely scattered· veins, such as the J{ickap<''l vein 
north of St. Elmo, the Lilly vein west of Whitepine, and 
the Bill Short vein near Tomichi. .Although barite 
generally is rare, it is locally abundant in some parts 
of these veins. Fluorite is a rare gangue miner~ I con
fined to the Mary vein and few others close by. 

In the great majority of veins scattered throughout 
the quadrangle the only minerals present are quartz, 
pyrite, sphalerite, galena, and chalcopyrite, and these 
show fairly consistent paragenetic relations with each 
other. The first stage of succession was the crystalliza
tion of gray quartz with some pyrite; this was fc llowed 
by a second stage characterized by white quartz and 
locally much pyrite; the third stage was the crystalliza
tion of sphalerite, galena, and chalcopyrite, probably 
chiefly in this general order but with some overlap. 
Quartz and locally a small amount of pyrite accom
panied and in some places continued forming after the 
main sulfides had formed as stage four. In many veins 
the first stage, represented by gray quartz and pyrite, 
is absent. The position in the sequence of rhodonite 
and rhodochrosite, which occurs in the Mary Murphy 
veins, is not clear, although scanty evidence iniicates 
that they crystallized in part before and in part simul
taneously with the main sulfides. Calcite in tho Mary 
Murphy and Stonewall veins formed after the sulfides 
of stage three, but before stage four. In a fevr other 
veins calcite was the last mineral formed. Barite in 
the Kickapoo vein crystallized at about the san1e time 
as the sulfides of stage three, but in the Lilly and Bill 
Short veins it crystallized after the sulfides and before 
the last stage of quartz. Scanty evidence indicates that 
some fluorite formed with and some after the main 
sulfide stage. 

Most of the veins are bordered by altered zones frmn 
a few inches to about 2 feet thick. The width of the 
altered zone is at many places rougl1ly proporthnal to 
the width of the vein, although some shear zones either 
with or without pyrite-quartz veinlets are alter~~d over 
a width of as much as 50 feet. Extending outward from 
many veins in the Chalk Creek district is a ~·')ne of 
silicified and pyritized country rock, which is locally 
separated from the vein by a thin ·band of argillized 
rock. Pyrite commonly extends beyond the ~0ne of 
silicification into a zone in which most minerals in 
the country rock, except quartz, are altered to sericite 
and hydromica. Overlapping the sericite-hyd romica 
zone and extending beyond is an outer zone in which 
the ferromagnesian minerals of the country rock are 
partly or completely changed to chlorite. Most. of the 
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veins at the head of North Fork are bordered by a zone 
of argillized and pyritized rock which locally and irreg
ularly grades outward into chloritized country rock. 

The ore shoots of the pyritic quartz veins range in size 
from small isolated pods to bodies as much as 1,000 
feet in length, although if judged from the records and 
a few of the shoots that were seen, most are 25 to 100 
feet in piteh length and 10 to 50 feet in breadth. The 
largest shoot so far found is in the Mary Murphy mine 
where one shoot in the Mary vein has an average piteh 
length of about 1,000 feet, a breadth of 700 feet, and 
an average thickness of 4 feet. 

Little is known definitely of the causes of the localiza
tion of ore shoots in the veins, although changes in 
strike or dip of the veins are known to have localized 
some shoots. In the Mary Murphy mine, for example, 
smne ore shoots coincide with changes in strike of the 
veins. 

Oxidized vein material is chiefly confined to those 
veins exposed on high slopes, above the reach of the 
glaciers. Most of the oxidation is believed to have oc
curred before glaciation. Later the glaciers removed 
some, if not all, of the oxidized parts of the veins and 
protected them from further extensive oxidation by a 
blanket of debris. For these ;reasons the unoxidized 
parts remain in the strongly glaciated areas, as along 
valley floors. In many glaciated areas, as at the head 
of North Fork and Chalk Creek valleys, the readily 
oxidizable sphalerite occurs as fresh grains only a few 
feet below the surface. The veins high on Chrysolite 
Mountain are strongly oxidized because they extended 
above the glaciers. The Mary vein is almost completely 
oxidized to a depth of 300 feet, and partially oxidized 
to a depth of 700 feet. 

The most important e.:ffect of supergene alteration 
has been the removal of most of the sphalerite and 
pyrite. This has resulted in a residual concentration 
of the less soluble galena or its oxidized products, 
cerussite and anglesite. Gold content was reportedly 
highest in the strongly oxidized parts of the Mary vein ; 
this probably reflects a residual concentration of gold 
from auriferous pyrite. 

Field evidence for any important supergene sulfide 
enrichment of the ore bodies is lacking, and it is not 
known to the authors that any mine has produced sec
ondary sulfides in quantity. It is reported that a few 
mines along pyritic quartz veins obtained sulfides char
acteristic of supergene sulfide enrichment, such as 
argentite, covellite, and chalcocite, but they were 
sparsely distributed and the range in depth was short. 

The most productive veins have been those of the 
Mary Murphy group in the Chalk Creek district, which 
have yielded ore valued at about $12,000,000. The 
Jimmy Mack mine on the Mack vein in the Tincup dis-

trict ranks next with an estimated value to its orrs of 
$700,000. The value of ores produced from all other 
pyritic quartz veins is small. Although only a very 
few of the many veins in the Garfield quadrangle are 
entirely lacking in ore minerals, most of the ore shoots 
discovered have been too small or of too low grade to 
warrant profitable mining. 

A genetic relation between nearly all of the pyritic 
quartz veins and the magma that formed the Mount 
Princeton batholith is strongly suggested and is de
scribed in some detail under "Origin and relative ages 
of mineralization." It is especially noteworthy that 
all of the pyritic quartz veins except a very few near 
Mount Aetna are in the Mount Princeton batholith or 
in the bordering rocks that are older than this batholith. 

HUBNERIT:&-MOL YBDENITE VEINS 

The hubnerite-molybdenite veins are chiefly on a l'igh 
ridge that lies north of North Quartz Creek and "'Vest 
of Cumberland Pass in the Quartz Creek mining dis
trict, although a few veins, mostly short and narrow, 
are as much as 1* miles south of Cumberland Fass. 
The main group near Cumberland Pass is in an easterly 
trending belt about 1 * miles long and half a mile 
wide (pl. 1). This area comprising about a square 
mile was studied and mapped by planetable method by 
Ogden Tweto in 1943, and a large part of the follov,.ing 
descriptions of the veins and the tenor of the orcs is 
from his report.4 

The veins range widely in strike, although the strong
est and most persistent n1olybdenite veins strike ne'l.rly 
east, and the hubnerite veins all strike northeast except 
the Cmnplex vein south of Cumberland Pass, which 
strikes northwest. The dips of the veins, insofar as 
could be determined, are generally rather flat, and three 
of the largest ones, the Mammoth, Bon Ton, and Com
plex, dip only 40° to 45°. Many veins are only 101 or 
200 feet long, although the Mammoth-Orient vdns, 
which are probably the same, have a total lengtl' of 
about 1,700 feet. Widths range from a few inche~ to 
about 5 feet, and the average is 11h to 2 feet. 1\{ost 
of the veins are in fissures in pre-Cambrian gneissic 
granite, although one at the north end cuts Sa wr.tch 
quartzite and 1nay extend into the Manitou dolomite. 
A few narrow and short veins, not shown on plate 1, 
are in the Tertiary Tincup porphyry south of North 
Quartz Creek. There is marked similarity in both the 
molybdenum- and tungsten-bearing veins througl'lut 
their vertical range of exposures, which in the cas1 of 
the former is about 1,000 feet, and for the tungs~en
bearing veins about 600 feet. 

Some postore movement has occurred locally a] 'lng 

4 See footnote 1 on p. 4. 
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the veins and in a few places veins, such as the Bon Ton 
and Orient-Mammoth, are offset a short distance by 
north- or northwest-trending faults. 

The veins consist chiefly of quartz, some pyrite, and 
minor amounts of molybdenite, hubnerite, tetrahedrite, 
chalcopyrite, sphalerite, galena, and a few other min
erals of rare occurrence. Except for a few local pyritic 
lenses, quartz constitutes more than 95 percent of the 
vein filling by volume. The veins are roughly banded, 
and three successive generations of quartz can be identi
fied at some places by slight differences in texture and 
in the degree of brecciation. The earliest quartz is light 
gray to white and sugary; the next is massive, vitreous; 
milky quartz ; and the youngest quartz, aside from 
barren comb quartz lining vugs, is a colorless, glassy, 
coarse-grained quartz in which crystal outlines are 
detectable, and much of which is vuggy. Although all 
three of the main types of quartz are locally brecciated, 
the sugary quartz is more strongly brecciated than the 
others. Molybdenite and hubnerite occur together in 
many veins, but each is generally restricted to bands or 
streaks in a gangue of different varieties of quartz; the 
former to the sugary or milky vitreous quartz, and the 
hubnerite to the coarsely crystalline, colorless quartz. 
Hubnerite in the Complex vein, however, is in a white 
quartz gangue, although this quartz may be the same 
generation as the colorless quartz of the Cumberland 
Pass area because it is both coarse-grained and some
what glassy. Where the two main types of quartz are in 
the same vein, hubnerite-quartz usually lies along one 
wall and the molybdenite-quartz along the other wall. 

The chief tungsten mineral is a light-brown, prob
ably low iron-content hubnerite that occurs typically 
as slender prisms lh inch to 2 inches long. The larger 
crystals tend toward a tabular form. Tweto 5 found 
one crystal 5 inches long in quartz float on the talus 
slope north of the Ida May mine. Associated with the 
hubnerite are chalcopyrite, tetrahedrite, galena, sphale
rite (variety marmatite), pyrite, and the secondary 
minerals chalcocite, covellite, bornite, and cuprite. A 
very small amount of scheelite-powellite occurs as small 
grains or coatings among the comb quartz crystals of 
vugs on the ridge west of Cumberland Pass; in the Com
plex vein, considerable scheelite occurs bordering hub
nerite and tetrahedrite. 

The chief molybdenum mineral is the sulfide, molyb
denite, which occurs generally in disseminated fine 
grains in the sugary quartz, and in the milky quartz as 
coarser grains in the forms of tufts, streaks, and irregu
lar small veinlets of platy crystals, some as much as 
a quarter of an inch long. In most of the veins, except 
those that contain a tungsten streak, pyrite is the only 

o See footnote 1 on p. 4. 

other sulfide associated with the molybdenite. Most 
of the molybdenum now exposed in the upper I= ~.rts of 
the veins is in the yellowish secondary min era]~ ferri
molybdite. 

Definite paragenetic relations of all the main minerals 
of the tungsten-molybdenum veins could not br deter
mined with absolute certainty because all mines were 
caved, the veins are poorly exposed at the surface, and, 
except at the Complex mine, the mine dumps hr.d been 
well picked over. However, the order of der0sition 
of the principal vein material was probably in the fol
lowing main stages: (1) quartz, molybdenite, ard some 
pyrite; (2) quartz, hubnerite, pyrite, chalcopyrite, 
and tetrahedrite; ( 3) scheelite; ( 4) quartz, sphalerite, 
galena, and minor amounts of pyrite, chalcopyr~te, and 
barite ; ( 5) quartz. 

During stage one, quartz was formed in two genera
tions. Molybdenite and pyrite were deposited vith the 
second generation of quartz and probably with the first 
also. In stage two, chalcopyrite and tetrahedrite are 
clearly younger than either hubernite or pyrite, but the 
age relation between chalcopyrite and tetrahedrit.e could 
not be determined in the specimens studied. Examina
tion of many specimens of the vein material on tr'3 Com
plex mine dump showed scheelite bordering many 
grains of hubnerite and tetrahedrite and extending into 
vitreous white quartz. A few grains of both hubnerite 
and tetrahedrite are clearly "veined" by scheelite. The 
foregoing relations among hubnerite, tetrahedr~te, and 
scheelite show that tungsten mineralization o~urred 
both before and after tetrahedrite was deposited. The 
second period of tungsten mineralization for1ned the 
calcium tungstate, scheelite, probably by the action of 
calcium-bearing hydrothermal solutions on the earlier 
formed hubnerite. Apparently tetrahedrite was a very 
favorable host mineral for the deposition of sc'lJ.eelite. 
The principal deposition of sphalerite and galera. is be
lieved to have occurred during the fourth stag~ listed 
above. Barite occurs locally in some of the Complex 
mine ore associated with sphalerite and galena. The 
barren quartz of stage five cuts all other minerals and 
is typically vuggy; it is probably a continuation of the 
quartz deposition of the preceding stage. 

Most of the feldspar of the pre-Cambrian granite 
throughout the Cumberland Pass area is altered to 
white or light-gray clay minerals, and some of the 
veins are bordered by more intensely altered zones. The 
Mammoth vein, as exposed in a cut east of the tunnel, 
consists of about 21h feet of massive quartz and 2% 
feet of brecciated molybdenum-bearing quartz sepa
rated by 4 to 6 inches of iron- and molybdenum-stained 
gouge. On the hanging wall the vein is border~d by 4 
:feet of intensely argillized granite seamed by quartz, 
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beyond which is bfeached, less altered granite. On the 
footwall side of the vein is 3 feet of intensely argillized 
granite, followed by 1 to 11h feet of sheeted and less 
altered rock, and this by 3 to 5 feet of sheared and 
quartz-seamed granite, which in turn is bordered by a 
black recrystallized gouge zone a few inches to 3 feet 
thick. Along the Bon Ton vein the bordering granite 
of the hanging wall is sericitized and impregnated with 
pyrite for 4 or 5 feet, and the footwall for 12 to 15 
feet. 

The width of the molybdenum-bearing quartz in the 
veins averages 11h to 2 feet, and the tungsten streaks 
are much narrower, rarely exceeding 1 foot, and 
most are 1 to 2 inches wide. According to Tweto 6 

the average tenor of the molybdenum veins is not pre
cisely known but probably does not exceed 0.5 percent 
MoS2, and the average tenor of the better tungsten 
veins is probably 2% percent W03 • Tweto recognized 
that tungsten ore bodies of this grade are small and 
scattered, and exploration work along veins since Tweto 
examined them in 1943 indicates that ore of this grade is 
probably very rare. Some gold, probably in the pyrite, 
is present in small quantities in many of the veins, and 
silver is probably present in the galena and tetrahedrite. 
The only assay data available for these metals were 
from a 21-ton shipment of hand -cob bed ore from the 
Complex mine in 1948 ; it assayed 0.02 ounce of gold and 
21.10 ounces of silver per ton, as well as 13.50 percent 
lead, 17.55 percent zinc, and 2.10 percent copper. The 
an1ount of tungsten was not reported, but examination 
of many specimens of this hand -cob bed ore before its 
shipment indicates a tenor of about 1 to 3 percent W03 , 

and a sphalerite and galena content far above the aver
age for the veins of the Cumber land Pass area. 

The hubnerite-molybdenite veins are characterized 
by a rather high-temperature assemblage of minerals. 
They probably represent the center of a mineralized 
area bordered by deposits of somewhat lower tempera
tures, such as the lead-silver-gold-copper-quartz veins 
of the Jimmy Mack, Indiana, and Deacon mines to the 
north in the Tincup district, and veins of similar min
eral assemblages to the south near the Athens fault. 
The veins are believed to have been deposited from 
hydrothermal solutions genetically related to the 
magma that formed the Mount Princeton batholith as 
discussed under "Origin and relative ages of mineral
ization." 

QUARTZ-FLUORITE VEINS 

Veins composed chiefly of quartz and fluorite with 
little or no sulfides are rare. With two exceptions, they 
are all in a northeast-trending belt 13h miles long and 
% mile wide, extending from a ·point about %, mile 

8 See footnote 1 on p. 4. 

south of Tomichi Pass across the west side of Ce:'ltral 
Mountain and beyond into Brittle Silver Basin (pl. 1). 
The exceptions are a vein about 4 miles west of Brittle 
Silver Basin in South Quartz Creek valley and a short 
and narrow vein (not shown on pl. 1) about 2 1'liles 
southeast of Brittle Silver Basin on the east slope of 
Vulcan Mountain. The veins in the Brittle Silver 
Basin belt are in Mount Princeton quartz monzcnite, 
quartz latite porphyry, and Mount Aetna porplyry, 
whereas the quartz-fluorite vein in South Quartz C':'eek 
valley cuts pre-Cambrian granite and the vein on Vul
can Mountain cuts volcanic breccia. 

Although some veins are short and narrow stringers, 
most extend at least 500 .feet; one on the north side of 
Brittle Silver Basin can be traced for about 3,500 feet, 
and the vein in South Quartz Creek valley prol:ably 
has a total length of about a mile, as indicated on 
plate 1. Strike and dip vary considerably, but the 
strike of most of the veins ranges from N. 20° W. to 
N. 20° E., and moderate to steep westerly dip~ are 
dominant. The thickness usually ranges from 1 to 5 
feet, and there is much local pinching and swelling. 
Many veins change within a distance of 50 feet to a 
zone, locally as much as 25 feet wide, of argir 7zed 
country rock containing many narrow quartz or qu 'l.rtz
fluorite veinlets of eli verse attitudes. Parts of some 
veins are bordered by a thin gouge selvage; others, such 
as the northern part of the vein exposed in the Day 
Star prospect, may be bordered by a zone of gouge and 
breccia as much as 3 feet thick. Insofar as it could 
be determined the gouge and breccia formed befor,~ the 
introduction of the vein material. The veins are poorly 
exposed and have no distinct topographic expres-;-oion. 
They have been explored mostly by shallow pit~:· al
though the Day Star tunnel followed a typical quartz
fluorite vein along strike for several hundred feet. At 
the southern end of this tunnel the vein is about 225 
feet below the surface. and here, as well as elsewhe:-:-e in 
the mine, its texture and mineral composition are the 
same as at the surface. 

The typical vein filling is white quartz and VThite 
fluorite in variable amounts, although quartz is gen
erally far in excess of fluorite and in places forms the 
entire vein filling. Within a distance of a few feet some 
of the quartz changes to colorless or gray and the fluo
rite to colorless or blue, green, and purple shades. 
Quartz is locally banded with fluorite but in many more 
places it forms a crusted network of veinlets surro•tnd
ing angular to subangular fragments of altered c'lun
try rock a fraction of an inch to about 2 inches long, 
or as a lining in vugs; many of the vugs have been partly 
to completely filled with fluorite. Locally, small VThite 
calcite crystals rest on fluorite or quartz cryri;als. 
Metallic minerals are present in a few places, gene:-:-ally 
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in very subordinate amounts in the quartz gangue. 
Pyrite in the form of small cubes, pyritohedrons, or 
irregular grains is the most abundant sulfide, although 
small grains of galena,. greenish resinous sphalerite, and 
rarely chalcopyrite are present locally. Small amounts 
of brittle silver, probably stephanite, have been re
ported in Brittle Silver Basin, but none was observed in 
specimens now remaining on the prospect dumps, and 
the specific location of its reported occurrence could not 
be found. 

The paragenetic history of the vein filling began with 
local introduction of small amounts of quartz into fis
sures containing irregularly brecciated fragments of 
country rock. This was followed by a somewhat later 
period of movement that brecciated the quartz and prob
ably some more country rock. Following these stages 
the main constituents of the veins formed in the follow
ing order : quartz, pyrite, sphalerite and galena, 
chalcopyrite, fluorite, and calcite. Some quartz con
tinued to crystallize after fluorite formed, as shown by 
some stringers of quartz cutting fluorite. 

Insofar as it could be determined from the poor ex
posures, the rock bordering the veins is everywhere al
tered for a distance of a few inches to several feet, and 
some zones as much as 25 feet wide consist of many 
veinlets in altered rock. The Mount Aetna porphyry 
and Mount Princeton quartz monzonite, which are the 
1nost abundant wall rocks, have been altered to a whitish 
or light-green rock. Plagioclase and most of the potash 
feldspar are altered to a white clay mineral or minerals, 
although some pink potash feldspar, especially the 
phenocrysts of the Mount Aetna porphyry, is unaltered. 
Biotite is altered to chlorite, and this type of altera
tion extends a little farther frmn the vein than the argil
lic alteration. In a few places the veins are bordered 
by irregular patches of sericitized rock ranging from a 
fraction of an inch to 2 inches in width. 

The veins are unoxidized. No important production 
of metals nor of fluorite has been made from veins of 
this type. The ore shoots of the metallic metals so far 
disclosed in prospecting appear to have had a maximum 
length of only a few feet. Most, if not all, of the ore 
was evidently of too low grade for profitable mining, 
particularly in this area remote from adequate trans
portation. The fluorite is likewise of no present eco
nomic importance because of its low grade and irregular 
distribution. 

The quartz-fluorite veins are believed to have formed 
during the last main stage of mineralization in the 
Garfield quadrangle, as discussed on a following page. 

QUARTZ-BERYL-PYRITE VEINS 

A few veins composed chiefly of quartz, beryl, and py
rite occur in the extreme eastern part of the quadrangle, 

especially along the divide separa~ng Browns Creek 
and Baldwin Gulch. The veins fill premineral~'l.ation 
fractures in the Mount Antero granite, the andesite, and 
Mount Pomeroy quartz monzonite. Most of th~ veins 
are too short and narrow to show on the geologic map, 
plate 1, as they commonly range from 5 to 50 feet in 
length and 1 to 12 inches in thickness. The Cal~fornia 
vein, however, attains a maximum thickness of 3 feet 
and is tentatively projected for a distance of 650 feet. 
The veins range widely in strike, and the dips are every
where steep. Insofar as it could be determined from 
poor exposures, all veins adhere closely to the wall rock. 

The vein filling is typically white quartz with subor
dinate amounts of beryl, pyrite, molybdenite, magne
tite, and muscovite. Pyrite and beryl are the most per
sistent of the minor vein minerals, although parts or all 
of some veins are entirely quartz or quartz and pyrite. 
Several other minerals occur locally in small anounts, 
such as fluorite, ferrimolybdite, and fine crystals of wol
framite. In addition to the minerals listed above, 
Adams {1953) and Landes (1934) found topaz, rutile, 
tourmaline, and .the uranium-titanium mineral bl·anner
ite in these veins. Quartz occurs near the borders of the 
vein as fine-grained anhedrons, but in the center of the 
vein it is coarse grained and locally vuggy. Light
green to bluish-green beryl crystals, a fraction of an 
inch to 6 inches long~ are intergrown with c'larsely 
crystalline quartz or line vugs. Pyrite cubes, 1 to 5 
mm in size, are scattered through the fine-grained 
quartz. Molybdenite usually occurs in fine-grained 
quartz as streaks or as small crystals in vugs n~ar the 
border of the veins. Some molybdenite is disseminated 
for a distance of a few inches into the country rock ad
jacent to the veins. Fine-grained magnetite forms 
streaks and narrow lenses near the borders of the veins. 
Flakes of muscovite 1 to 10 mm across are inte:rgrown 
with beryl and coarse quartz. 

The paragenesis of the main vein minerals, as de
termined chiefly from megascopic examinathns of 
many specimens frmn the dump of the Californi~. mine, 
was apparently in the followi~g main stages: {1) 
quartz (fine-grained) and magnetite; { 2} quartz 
(coarse-grained), beryl, and muscovite; {3) quartz 
(fine-grained) , molybdenite, and pyrite. 

Locally the country rock bordering the veins i~ silici
fied and pyritized. The silicified rock extends for a 
distance of a fraction of an inch to a maximum of about 
11;2 inches, and small pyrite grains locally are dis
seminated for as much as a foot from the vein. Chlor
itic alteration of the Mount Pomeroy quartz mo~zonite 
extends a few feet beyond the silicified zone of tl ~ Cali
fornia vein. The small andesite body northeast of the 
California mine is everywhere intensely argillized. 



ORE DEPOSITS 53 

This alteration is not believed to be genetically related 
to the many veins in this area, and it probably repre
sents an older period of alteration related to the pyritic 
quartz veins. 

The quartz-beryl-pyrite veins are of very little eco
nomic importance; a very small quantity of gem bery I 
has been recovered. Pods of molybdenite rarely exceed 
a length of 1 foot and the ore is of too low grade to 
warrant profitable mining. Wolframite is very rare 
and occurs as isolated crystalline aggregates. 

The veins are probably closely related genetically to 
the bery I pegmatites of the Mount Antero granite as 
discussed in more detail in a following section dealing 
with the origin of the beryl pegmatites. 

ZONING OF THE ORE DEPOSITS 

The only evidence found of zoning of ore deposits in 
the quadrangle is in the Tincup and Quartz Creek dis
tricts, as previously noted by Goddard (1936, p. 566) 
and Tweto.7 There the relatively high-te~nperature 
tungsten-1nolybdenum veins near Cumberland Pass 
seem to lie at the center of a large n1ineralized area 
embracing the Tincup district and at least the part of 
the Quartz Creek district lying within the quadrangle 
boundary and extending as far south as the junction 
of Middle and North Quartz Creeks. Roughly zoned 
around this core of tungsten-molybdenmn veins are 
deposits of silver, lead, zinc, and gold, which are char
acteristic of lower temperatures. There is some evi
dence of a silver-lead -copper zone between the 
"tungsten core" and the wide outer zone, although the 
erratic distribution of silver, gold, lead, zinc, and some 
of the copper in the outer zone prevents clear-cut defini
tion of the intermediate silver-lead-copper zone tenta
tively recognized by Tweto. 7 No definite vertical 
zoning of the primary ore minerals was recognized 
within the vertical range of surface and underground 
exposures. 

STRUCTURAL AND STRATIGRAPHIC CONTROL 

Several types of structure have governed localization 
of ore bodies, particularly in the sedimentary beds. 
Likewise some stratigraphic zones were especially fa
vorable host rocks for replacement deposits, and in 
places a combination of stratigraphic and structural 
control is evident. Smne of these features are described 
in detail in the descriptions of specific mines that 
follow. 

Minor concentrations of ore occur locally along the 
axes of small folds, such as the small ore bodies in the 
eastern part of the Akron mine (fig. 4). The folds, 

7 See footnote 1 on p. 4. 

probably in combination with minor fractures, l<J cally 
guided and confined the ore-bearing solutions. In 
many places faults have clearly been the major channels 
for ore-bearing solutions. Some of the largest and 
richest ore bodies of the quadrangle are located in fa
vorable stratigraphic zones along faults with mod~rate 
displacement, such as the rich Madonna ore body along 
the Madonna fault (pl. 11), the Eclipse ore body along 
the Mayflower fault, and the Akron ore body along the 
Star fault (pl. 7 and fig. 3). Small faults, particularly 
bedding slips, have localized many of the smaller ore 
bodies; the ore found in the West Gold Hill mine e-~rves 
as a good example of ore concentrated along a bedding 
slip. Bedding slips along the Manitou-granite contact 
and in the lower beds of the Manitou dolomite on the 
east side of Taylor Gulch probably localized ore in the 
Garfield, Alaska, and Lilly mines. 

There are certain stratigraphic zones in the sedimen
tary rocks that are more favorable than others for ore 
concentrations; these are the basal part of the Manitou 
dolomite, the upper part of the Manitou dolomite im
mediately below the Harding quartzite, the upper part 
of the Fremont dolomite directly below the basal shaiy 
beds of the Chaffee formation, the upper 200 feet of the 
Leadville lilnestone, and locally, at least in the ~Tb.ite
pine area, the limestone and quartzite beds at the Lead
ville-Belden contact. Some of these zones that lie in a 
thick series of limestone and dolomite may represent 
beds with an inherently greater permeability than oth
ers. It is noteworthy, however, that most of tl'~ fa
vorable ore zones are in dolon1ite rather than lime.~tone. 
Since all the sedimentary rocks in the Garfield quad
rangle had been at least 1noderately deformed l'~fore 
the introduction of the ores, it is possible that deforma
tion produced greater permeability in the dolcmites 
than in the limestones, as postulated by Rove {1947) 
in his general study of the physical characteristics of 
ore horizons. Rove {1947, p. 191-192) .recognize~ that 
the chemical difference between dolomite and limestone 
plays a significant role in effecting replacement, l'•lt he 
emphasizes the importance of making these rocks acces
sible to ore-bearing fluids as a preliminary requirite to 
replacement. Under favorable conditions of deforma
tion of interbedded limestone and dolomite, the frac
turing of the dolomite, as contrasted to the flowr.ge of 
the limestone, produces far greater permeability in the 
dolomite beds and therefore makes the latter rE'fldily 
receptive to ore-bearing fluids. 

Other ore zones in the Garfield quadrangle I~~ be
neath relatively impervious shaly beds that pre hably 
acted as a local barrier to the ore solutions, as f·1r ex
ample the thick shale and argillite beds at or near the 
base of the Belden shale, and the relatively impe1·vious 
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basal shaly beds of the Chaffee formation. This bar
rier effect of the shale on ore deposition may be the re
sult of inherent differences in permeability between 
shale and the underlying carbonate rocks or it may be 
that premineralization fractures and faults of small dis
placements in the lower beds did not continue strongly 
into the over lying shale. Thick premineralization clayey 
gouge zones have acted locally as impervious barriers; 
for example the thick gouge along the eastward-dip
ping Star fault, which has largely confined the ore bod
ies to fractured beds along the western side of the fault. 

BERYL IN PEGMATITE, GRANITE, AND GREISEN 

Beryl occurs in the Garfield quadrangle in a group 
of closely related rocks and veins in the Browns Creek 
area at the eastern border of the quadrangle (pl. 1). 
None of the occurrences of beryl is, at present, of eco
nomic interest other than to gem and mineral collectors. 
Beryl in quartz veins has already been described under 
"'Vein deposits," and all of the other occurrences are 
described below. In order to simplify the general 
groups, beryl in miarolitic cavities is described with the 
pegmatites. 

Beryl pegmatites.-All of the beryl pegmatite bodies 
and beryl in miarolitic cavities in the quadrangle are 
in the Mount Antero granite on the west slope of Mount 
Antero and on the ridge separating Baldwin Gulch and 
Browns Creek. Only one pegmatite body is exposed 
in the Mount Antero granite south of Browns Creek; it 
is similar to the others but no beryl was seen in it. 

The pegmatite bodies occur in irregular, rounded, 
and tabular, or dikelike forms. They range from 6 
inches to 10 feet in width and from 3 feet to 100 feet 
in length. The dips, insofar as could be observed, are 
steep, and the strikes range widely. 

The textures and composition of the bodies differ 
greatly. The textural terms and classification of zones 
used here are those of Cameron, Jahns, MeN air, and 
Page (1949, p. 16, 20); that is, the outermost zone of 
a pegmatite body (in contact with the country rock) 
is termed the "border zone," the next zone inward the 
''wall zone," the innermost zone is termed the "core," 
and any zone or zones between the core and wall zone 
is termed the "intermediate zone," or zones. Each zone 
has a characteristic texture and usually a characteristic 
mineral assemblage. Most of the pegmatite bodies of 
the Mount Antero granite have a border zone, rang
ing from %, inch to 2 inches in width, composed of 
fine-grained feldspar, quartz, and muscovite. The con
tacts of most border zones with the granite are grada
tional for as much as 1 inch. Some pegmatite bodies, 
especially the dikes, have a fine-grained or aplitic border 
zone, and the contacts with the granite are sharp. The 

pegmatite wall zones are fine grained to medium grained 
and make up most of the volume of the body. The 
common minerals in the wall zones are quartz, ortho
clase, microcline-perthite, albite, and muscovite and 
minor amounts of beryl, phenacite, and fluorite. Some 
pegmatite bodies have cores of white, vuggy, medium
grained quartz. One body may contain one or more 
cores. The core or cores occur at or near the center 
and range in length from 1 inch to 5 feet and in width 
frmn lf2 inch to 2 feet. The contact of the core with 
the wall zone is usually gradational for a distance no 
greater than an inch. Lining the vugs or interm-own 
with the core may be microcline-perthite, smoky quartz, 
muscovite, albite, fluorite, and these beryllium minerals: 
beryl, phenacite, and bertrandite. 

Miarolitic cavities are sparsely distributed through
out the Mount Antero granite north of Browns Creek. 
The cavities are ellipsoidal to round, ranging from 1 
inch to 3 feet across and averaging 3 to 6 inches. The 
larger cavities are most abundant on the west shpe of 
Mount Antero, 600 to 1,000 feet below the summit .• in an 
area along and east of the boundary of the quad
rangle. The miarolitic cavities are lined with a quartz
feldspar zone, lh to 1 inch wide, which is coarser 
grained than the enclosing granite. The contact of the 
cavity lining with the granite is gradational for as 
much as an inch. Partially embedded in the lining and 
projecting towards the center of the cavity are coarse 
euhedral crystals of microcline-perthite, clear or smoky 
quartz, albite, muscovite, beryl, phenacite, fluorite, and 
topaz. Adams (1953 p .. 99), Switzer (1939, p. 794), 
and Over (1935, p. 28) have reported calcite, bertran
dite, apatite, garnet, rutile, ilmenorutile, monazite, 
columbite ( ~), and cyrtolite as occurring in the pegma
tite bodies and in miarolitic cavities in granite. 

Switzer (1939, p. 799) determined the followirg gen
eral sequence of >crystallization for the minerals in the 
pegmatite bodies: microcline, beryl, smoky quart:T., mus
covite, phenacite, albite, fluorite, bertrandite, cdorless 
quartz, calcite, sericite, and limonite. 

Beryl granite.-On the west and southwest slopes of 
Mount Antero are several bodies of beryl-l:~aring 
granite. Those within the quadrangle range in width 
from 2 inches to 10 feet and in length from 6 in~hes to 
25 feet. Reconnaissance a few hundred feet east of the 
quadrangle on the south and southwest slopes of Mount 
Antero revealed bodies of beryl-bearing granite as 
much as 10 feet wide and at least 50 feet long. All of 
the beryl-bearing granite bodies in the quadrangle are 
elliptical, and their long axes are oriented w~st or 
northwest. Beryl is most highly concentrated n~ar the 
centers of the bodies and locally constitutes 90 percent of 
the rock by volume. The proportion of beryl dimin-
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ishes towards the outer limits of the bodies, and the 
contacts of the bodies with the granite are gradational. 
Microscopic examination of the beryl granite shows 
highly fractured subhedral crystals of blue to white 
beryl as much as 2 inches long, enclosing subhedra] 
crystals of albite and biotite and anhedral crystals of 
quartz. Accessory minerals are fluorite, garnet, mag
netite, and pyrite. 

Beryl greisen.-Two areas of Mount Antero granite 
within the quadrangle have been altered to greisen, and 
both contain some beryl. The larger 'area, lying 300 
feet northeast of the California mine (pl.1), is a poorly 
exposed body 1,400 feet long and 700 feet wide. The 
other area is on the ridge between Baldwin and Browns 
Creeks, about 3,000 feet farther northeast and is a north
tren~ing zone about 1,900 feet long and 400 feet wide 
east of the contact of the andesite and granite. The 
greisen is a medium-grained, equigranular, gray rock 
composed primarily of quartz and muscovite. The con
tact of the greisen with unaltered granite is gradational 
for as n1uch as 100 feet. Beryl, molybdenite, fluorite, 
and pyrite are sparsely disseminated in the greisen in 
grains 1 to 5 mm long, or line small vugs 12Inm or less 
in diameter. 

Origin.-The occurrence of beryllium minerals in the 
Mount Antero granite, in pegmatite bodies and in 
miarolitic cavities in the granite, in areas of granite 
altered to greisen, and in quartz-sulfide veins cutting 
rocks adjacent to the granite leaves little doubt that the 
beryllium mineralization is genetically related to the 
magma that formed the l\{ount Antero granite. De
tailed studies of the relations of the various types of 
deposits to one another were not made. Probaply the 
beryl-rich granite, the pegmatite bodies, and 1niarolitic 
cavities are related to the pegn1atitic phase of the crys
tallization of the granite. 

The presence of sulfide minerals as well as beryllium 
minerals in the quartz-beryl-pyrite veins and in areas 
of granite altered to greisen indicates that these two 
types of beryl deposits were of the same origin and 
were probably formed by closely related hydrother~nal 
solutions. No facts were observed that 1night relate 
the pegmatitic phase to the hydrothern1al solutions, 
other than the similarity in mineral composition and 
areal distribution. These two facts, however, certainly 
indicate that all the beryl mineralization is in some way 
related to the formation of the Mount Antero granite. 

Eeon01nic importance.-The beryl pegmatite bodies 
and 1niarolitic cavities of the Mount Antero region have 
been prospected by gem and mineral collectors, pri
marily for aquamarine and phenacite crystals. The ex
posed pegmatite bodies and miarolitic cavities have 
been carefully examined by collectors and are cut by 

many shallow prospect pits. Other than gem-quality 
aquamarine and phenacite, there has been no commer
cial production. The inaccessibility of the deposits, 
their small size, and apparently low grade (Adams, 
1953, p. 113) limits, at present, their econmnic i.Inpor
tance to gem and mineral collectors. 

ORIGIN AND RELATIVE AGES OF MINERALIZATION 

The vein, replacement, and beryl deposits are be
lieved by the authors to have been formed chiefly from 
hydrothermal solutions that are genetically related to 
three of the Tertiary igneous bodies that are exposed 
in the Garfield quadrangle ; namely, the Mount Prince
ton quartz monzonite, the Mount Antero granite, and 
the volcanic breccia. 

In, his studies of the southeastern part of the Garfield 
quadrangle Crawfo.rd (1913, p. 221-225) recog~ized 
several possible age relationships to the ore deposits of 
the Monarch and Tomichi districts, but in conclusi')n he 
expressed the belief (p. 225) that most of the vein~ and 
the replacement deposits were genetically related to the 
Mount Princeton batholith, and that it was not im:orob
able that the replacement deposts were formed shortly 
before the fissure veins. From regional studies Craw
ford ( 1924, p. 384-385) later postulated that the 1\fount 
Princeton batholith underlies a large area to the north
east and it may likely have been the source for ores 
found in other mining districts. Although conc1·.1sive 
proof is not at hand, the authors agree with Cravrford 
that most, although not all, of the ore deposits in the 
Garfield quadrangle are related to the Mount Prin~eton 
batholith. 

Deposits related 'to the M ownt Princeton quartz mon
zonite.-Deposits assigned to this genetic group in dude 
the hubnerite-molybdenite veins, the replacement b')dies 
in sedimentary rocks, and most of the pyritic q·mrtz 
veins. All these deposits cut the Mount Prin~eton 
quartz monzonite or rocks older than the Mount Prince
ton. Conclusive evidence is not at hand to establish 
definitely the genetic relations postulated above, al
though there is evidence of a sort. The magnetite-bear
ing replacement deposits are almost certainly related 
to the Mount Princeton batholith because of their prox
imity to this body and because of the contact Jneta
morphic minerals that are present. It is noteworthy 
that these bodies also contain sulfides and seem to grade 
towards the more common "magnetite-free" sulfide 
bodies that are in the same structures at a greater dis
tance from the batholith, as, for example, the deposits 
along the Morning Glim fault in the Tomichi diEtrict. 
The mineral composition-except for the relative 
amounts of quartz-and the distribution of the sulfide 
replacement deposits and pyritic quartz veins are much 
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the same, and, therefore, both are believed to be related 
to the same period of mineralization. The hubnerite
molybdenite veins near Cumberland Pass are chiefly 
in pre-Cambrian granite but some that are too small 
to show on the geologic map cut the Tincup por
phyry of Tertiary age, and, although the relation is 
not absolutely clear because of poor exposures, the veins 
appear to pass into pyritic quartz veins. The apparent 
zoning of the ore deposits of the Tincup and Quartz 
Creek districts around the hubnerite-molybdenite veins 
(see p. 53) would support the idea that the replace
ment deposits, pyritic quartz veins, and hubnerite
molybdenite veins are all related to the same general 
period of mineralization, although probably the intro
duction of each type was separated in time from the 
other. 

Deposits related to the Mount Antero granite.-The 
origin of the beryl-bearing pegmatite bodies, granite, 
and greisen bodies and the quartz-beryl-pyrite veins has 
been discussed under "Beryl in pegmatites, granite, and 
greisen." If, as it seems very likely, these deposits are 
related to the Mount Antero granite, they are therefore 
younger than the deposits believed to be related to the 
Mount Princeton quartz monzonite. 

Deposits related to the volcanic breccia.-The last 
period of mineralization in the Garfield quadrangle 
was relatively weak and occurred after the volcanic 
breccia was formed. The deposits thus formed are 
thought to be genetically related to the magma that 
formed this breccia. Veins assigned to this age group 
consist of all the quartz-fluorite veins shown on the 
geologic map, plate 1, and a few pyritic quartz veins 
that center around Mount Aetna. Many of the veins 
cut rocks, such as the quartz latite porphyry, Mount 
Aetna porphyry, and volcanic breccia, that are younger 
than either the Mount Princeton batholith or the Mount 
Antero granite. 

The few pyritic quartz veins that belong to this age 
group could not be distinguished by physical character
istics or mineral content from those assigned to the 
older Mount Princeton, but the veins in the younger 
group are so poorly exposed that their characteristics 
are obscure. The absence of distinguishing features 
might, quite logically, suggest that all pyritic quartz 
veins in the quadrangle formed after the volcanic brec
cia ; however, there is evidence of a sort to suggest that 
there were at least two periods of pyritic quartz min
eralization. About half a mile north of Brittle Silver 
Basin a pyritic quartz vein that strikes northeast and 
dips northwest has apparently been cut off at its north
east end by a dike of Mount Aetna porphyry (pl. 1). 
The field evidence here is not absolutely clear because 
of poor exposures, but from what can be observed, the 

dike apparently cuts off the end of the vein. If it does, 
this would establish the fact that there were two a,ges of 
pyritic quartz veins. Those that formed before the in
trusion of the Mount Aetna porphyry, as prev:~ ':lusly 
discussed, are believed to be related to the ] ~ount 
Princeton batholith, and the younger and muc~ less 
abundant group that cut rocks of post-Mount P:·ince
ton age, including the volcanic breccia, are belie,-red to 
be genetically related to the breccia magma. Ar':lther 
factor which suggests, although certainly doe"' not 
prove, that most of the pyritic quartz veins are v~lated 
to the Mount Princeton batholith, is the widespread 
distribution of these veins in an irregular zone border
ing the batholith (pl. 1); in conjunction with this state
ment it should be noted that definitely established post
Carboniferous mineralization qf this small reg~4ln is 
largely confined within the boundaries of the Gr.rfield 
quadrangle. Furthermore, a large body of m~~a, 
such as formed the batholith, would be a likely source 
of large quantities of ore-bearing solutions necess1.ry to 
cover this mineralized area. 

MINES AND PROSPECTS 

The locations of the mines and larger prospects are 
shown on the geologic map (pl. 1), and the ge'llogic 
setting of many of these is more clearly shown on the 
large-scale maps of the Tincup district (pl. 4), the 
Whitepine area of the Tomichi district (pl. 5), and the 
Cree Creek area of the Monarch district (fig .. S). A 
detailed map by Tweto 8 of the surface geology of the 
tungsten-molybdenum area near Cumberland F·"ss is 
a helpful reference. 

The .mines and prospects a~e described by di-;<tricts 
on the following pages. Usually the mines with the 
larger production are described first, and the others 
follow in outline form; the mines in both groups are 
arranged in alphabetical order. Most of the mines 
have been inaccessible for many years, and many of 
the descriptions are summaries of a combination of 
published descriptions, information obtained ]')cally 
from .residents, and the results of the writers' field ob
servations. By far the most fruitful source of pub
lished information is that of Crawford (1913, :p. 234-
310} for the many mines and prospects of the Monarch 
and Tomichi districts. The authors have also drawn 
freely from the mine descriptions of Goddard (1936, 
p. 571-591) in the Tincup district, and Tweto 8 in the 
Cumberland Pass area. It will be noted in the follow
ing descriptions that production figures are gererally 
divided into those before and after 1901, becaur~ sys
tematic recording of mine production data for this re-

1 See footnote on p. 4 ; pl. 1. 
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gion was first begun by the Federal Government in 
1901. Unless otherwise stated, the data on production 
since 1901 have kindly been furnished by A. J. Martin 
of the Economics Division, Statistics Branch, U. S. 
Bureau of Mines, Denver, Colo. 

In the outline descriptions for some of the mines it 
will be noted that the ore and sulfide minerals are pre
sented as a list with no specific statement made regard
ing the character of the typical ore that has in the past 
yielded the values. This omission is due to the absence 
of definite data for these mines. The rninerals in these 
instances are listed in accordance with their apparent 
relative abundance; the most abundant is given first. 
This has been determined largely frmn material seen 
on the mine dump or this material in combination with 
old records, and it should be recognized that these data 
may not reflect the typical mineralogy of the ore bod
ies that were once mined. 

The only mines in which any substantial amount of 
work was being done during the course of the present 
investigation are the Akron and Erie mines of the To
michi district, the Madonna, Lilly, and Garfield mines 
of· the Monarch district, and the Mary Murphy and 
Stonewall mines of the Chalk Creek district. 

TINCUP MINING DISTRICT 

CHIEF ECONOMIC AND GEOLOGIC FEATURES 

The Tincup is chiefly a 'silver-lead distri9t, although 
considerable gold was obtained fron1 many of the 
rnines, such as the Gold Cup, West Gold Hill, Tincup, 
and Deacon mines, and probably others. Copper, zinc, 
and iron have also been produced in cmnrnercial quan
tities. Probably no attempt was made in the early days 
to mine zinc because of a lack of smelting facilities, 
even though zinc may have been found. Practically all 
the rnines were badly caved when visited, and very lit
tle production has been recorded in the past 50 years. 

Ore occurs in the Tincup district chiefly as bedded 
replacement deposits and in fissure veins. The fissure 
veins of economic importance occur along the south
western border of the area shown on the geologic map 
of the Tincup district (pl. 4). The Jimmy Mack, Dea
con, and Indiana mines are reported to have obtained 
most of their output from veins. The veins are reported 
to range in thickness from 2 to 6 feet and to strike north 
to northeast; with steep to moderate dips either to 
the east or west. Probably none of the veins exceeds 
1,000 feet in length, although heavy slope wash and 
talus prevent tracing them on the surface, and reliable 
mine data could not be obtained for these inaccessible 
mines. Most of the other mines in the district have 
obtained ore from bedded replacement deposits, which 
are by far the most important economically, although 
the ri~h ore from the Jimmy Mack mine is a notable 

exception. · The replacement deposits are in limer~tone 
or dolomite and commonly conform in general to the 
attitude of the enclosing strata, although some smaller 
bodies or parts of the larger deposits pass into irregular 
replacement deposits and locally follow fault fiss·ures. 
The most productive stratigraphic zone is the upper 
part of the Leadville limestone at the contact of a gray 
to bluish-gray limestone with overlying darker gray 
dolomitic limestone. The ore bodies of the Gold Cup 
mine, the richest in the district, with a production 
valued at more than $1,000,000 (Goddard, 1936, p. 554), 
were in this zone, as were those of the Robert E. Lee, 
Silver Cup, and Sylvan Dell mines. The ore of the Tin
cup and Drew mines was chiefly in a bed about. 100 
feet lower stratigraphically than that in the Gold Cup. 
Ore in the West Gold Hill mine came from the hwer 
part of the Manitou dolomite, where it was localized 
along a bedding slip,. and in the El Capitan mine the 
ore replaced the Fremont dolomite for a few feet. im
Inediately below the .basal shale and limestone beds of 
the Chaffee formation. Minor productive zones in
clude the top of the Manitou dolomite, limestone beds 
in1mediately above and below the main quartzite beis in 
the Parting quartzite member of the Chaffee fo:".''lla
tion, and the lower 50 feet of the Leadville limes ... ,one. 
The quartz diorite porphyry and the Tincup qrartz 
rnonzonite porphyry intruded the country rock before 
the ore deposits were formed but apparently these por
phyries did not influence ore deposition, as did the 
Tertiary porphyries of the Leadville mining district 
(Emrnons, Irving, and Loughlin, 1927, p. 189). !low
ever, the authors believe that the contact between car
bonate rock and the porphyries has not been expl'lred 
sufficiently in the Tincup district to warrant its com
plete condemnation. 

The primary sulfide minerals-galena, sphalerite, 
chalcopyrite, pyrite, and, less commonly, tetrahedrrte
occur in the deeper parts of some of the mine work
ings, but most of the ore mined from both the veins and 
replacement deposits was oxidized. The chief ore min
erals of the oxidized· deposits are cerussite, calarrine, 
and anglesite, locally accompanied by cerargyrite:, ar~ 
gentite, malachite, azurite, or chrysocolla. All these 
are typically contained in a brownish gangue of po".''us 
limonite, limonitic quartz, or jaspery limonite. Small 
residual masses of galena occur in much of the oxi
dized ore. No specific data are available regarding the 
occurrence of gold. It probably occurs in the free form 
in limonite and in some of the sulfide minerals; 'Ic~al
ly, pyrite has been reported to carry much gold. Silver 
is generally contained in galena, although cerargyrite 
and argentite have been reported locally. 

According to information obtained by Godc1 q,rd 
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( 1936, p. 565-568), the ore shoots of the replacement 
bodies are commonly 30 to several hundred feet in 
length, 20 to 50 feet in breadth, and generally not more 
than 8 or 10 feet thick. He further states that all the 
ore was at least partly oxidized, and much of it was com
pletely oxidized. The ore at the bottom of the Gold 
Cup shaft, a depth of about 500 feet, was partially 
oxidized. Little information is available regarding the 
size of the ore shoots in the vein deposits. It is re
ported that partial oxidation extends to about the same 
depth on veins as in the replacement deposits. 

A small tonnage of iron ore has been produced from 
the Cumberland mine and immediate vicinity, about 
half a mile southeast of the Jimmy Mack mine (pl. 1). 
The ore minerals are magnetite and some hematite in 
a gangue of typical contact metamorphic minerals. 
The ore occurs at the contact of the Leadville limestone 
and quartz diorite porphyry. 

Although no major placer mining has been done for 
about 75 years in the Garfield quadrangle, minor oper
ations along Willow Creek and Tincup Gulch have pro
duced a few ounces of gold from time to time. 

GOLD CUP MINE 

The Gold Cup (Gold Cup Republic) mine is on a 
prominent north-trending ridge about three-quarters of 
a mile east of Duncan Hill at an altitude of about 11,400 
feet (pl. 1). It has been by far the largest producer 
in the Tincup district. According to Lowry Engle
bright (oral communication, 1949) the Gold Cup was 
located sometime in the seventies by Messrs. Hull and 
Herd who shortly afterward sold it to a group of men 
living in New York. The New York group mined th~ 
rich oxidized ore bodies near the surface until 1883, 
after which the mine was shut down for awhile and 
later was operated intermittently by lessees. Sometime 
before 1903 all or part interest in the property was ac
quired by the Reynolds-Morse Corp. of Denver. The 
property was leased to I. L. Johnson who worked it 
intermittently from about 1904 to 1926. In 1904 the 
old inclined shaft was abandoned and the equipment 
moved to Middle Willow Creek where an adit was 
started and driven southwestward toward the lower 
mine working3. From 1926 to 19~6 the property was 
leased by J. W. Belcoe and a Mr. Momb who reportedly 
did some work in the lower tunnel. From 1936 to 1950 
little or no work was done. 

A complete record of production from the Gold Cup 
mine has not been preserved. It is generally reported, 
probably about correctly, that the gross value of output 
is about $1,500,000, mostly obtained before 1883. The 
chief values were in silver, lead, and gold. The local 
newspaper, the Tincup Miner, reported the production 

for 1883 as 800 tons, valued at $88,000, and for 1890, 
ore valued at $58,395, of which $3,900 was for gold, 
$50,424 for silver, and $4,071 for lead. Production was 
intermittent from 1902-1935 when a total of 2~~4 tons 
of crude ore yielded 111 ounces of gold, 18,520 ounces 
of silver, 264 pounds of copper, and 21,777 pounds of 
lead. The tenor of most of the ores ranged from about 
30 to 1,800 ounces of silver and 0.5 to 4 ounces of gold 
to the ton. According to Mr. Englebright ( orr.l com
nlunication, 1949) some silver ore first mined n~ar the 
surface ran as high as 3,000 ounces to the ton. 

Figure 2 shows most of the mine workings and out
lines of the stoped areas. Only a few hundred feet 
of the mine workings were accessible when viFited in 
1949. Entrance to the oldest workings was from two 
adits north of the inclined shaft; the adits are now 
almost covered by dump material. The inclined shaft 
bears N. 56° E. for about 925 feet down the dir of the 
beds; it has an average slope of 30° and its base is 456 
feet lower than the portal. Nine main levels extend 
from the shaft; most of the stopes are above level 7. 
About 3,000 feet northeast of the shaft and about 600 
feet lower an adit near Middle Willow Creek has been 
driven S. 60° W. for about 2,200 feet where it intersected 
the main Gold Cup ore zone, which here, however, was 
only weakly mineralized. 

The principal mine workings are in the Leadville 
limestone about 150 feet below the overlying Belden 
shale. The most important ore zone is at the contact 
of a gray to bluish-gray limestone and overlying dolo
mite or dolomitic limestone. The Willow Creek adit 
was driven about 1,820 feet through the Belden shale, 
which contained at least two thick sills of Tincup 
porphyry, before reaching the top of the Lr.adville 
limestone. The beds s~rike N. 10°-35° W., and dip 
20°-40° NE. According to G. H. Garrey ( ord com
munication, 1949), the tunnel intersected several nearly 
vertical premineral fissures that trend north and north
east ; most of these do not contain sufficient or~ to be 
productive, but Garrey believes that they were the 
channels through which the Inineralizing solutions 
spread out along favorable contacts or ore horizons. 
It is reported that local1y a low-angle or bedding fault 
lies along the contact of the limestone and dolomite of 
the main ore zone. The limestone and dolemite contact 
in the Willow Creek adit was seen by Goddard ( 1936, 
p. 574) who states, 

The contact, as exposed at the breast of the tunnel., is cut 
and offset by a N. 70° E. fault, the displacement beirg about 
30 feet eastward on the south side. In the contact plane adja
cent to the fault there is about 1 to 1% feet of gougy limonitic, 
siliceous material, which contains a small amount of o-e. The 
fault zone iR 2 to 3 feet wide and consists of sheared and 
brecciated limestone, which is stained with limonite rnd con-
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tains calcite seams. Throughout the last 360 feet of the tunnel 
there are several brecciated bedding planes and numerous nearly 
vertical fissures of northeast trend which contain quartz, 
limonite, and small amounts of ore, but there are no ore bodies 
of commercial size. 

Most of the ore 1nined was oxidized and contained 
cerussite, cerargyrite, limonite (gold-bearing), residual 
grains . of silver-bearing galena, anglesite, malachite, 
and locally calamine, azurite, and chrysocolla. The pri
mary minerals, in addition to galena, are pyrite (gold
bearing), chalcopyrite, tetrahedrite, and sphalerite. 
The typical ore is a mixture of limonite and sugary, 
jaspery, or cellular quartz, and contains seams and irreg
ular patches of cerussite and anglesite, in places border
ing and cutting galena. Locally, some fractures and 
cavities are filled with calamine, malachite, and chryso
colla. Many cavities are lined with quartz crystals. 
Calcite, a minor gangue mineral, was the latest minera] 
deposited. 

The main ore bodies are of the bedded replacement 
type. The largest mineralized area extends from a 
point about 250 feet north of the portal of the inclined 
shaft south for about 900 feet (fig. 2). This area was 
worked from near the surface northeast down the dip 
of the beds for a slope distance of about 500 feet. 
Beyond this point about 10 smaller ore bodies are 
clustered north of the incline, and at a still lower level,· 
and to the northeast, a little ore occurs in the Willow 
Creek adit in north- and northeast-trending fissures. 
Individual ore shoots are reported to have ranged from 
30 feet to several hundred feet in length, 10 to 60 feet 
in breadth, and 1 to 7 :feet in thickness. . According 
to Mr. Englebright, the gold ore did not extend down 
far from the surface, and below the gold zone the shoots 
graded into very rich silver chloride ore, which in turn 
gave way at depth to silver-bearing galena. 

OTHER MINES AND PROSPECTS 

BLISTERED HORN TUNNEL 

Development.-Tunnel bears east into hill and has 
been driven about 1,800 feet; reportedly reached lower 
Paleozoic units. Portal caved when visited in 1948. 
Raise o:f about 375 feet connects with lower workings 
of Jimmy Mack mine. Amount of drifts unknown but 
probably small. Tunnel started in 1902 and work 
abandoned in1920. 

Production and tenor.-No record of any production 
before 1906. The reco:r:ded production from 1906 to 
1950 is 788 tons, although this might be ore from the 
Jimmy Mack mine. The 788 tons yielded 64,117 pounds 
of lead, 9,583 ounces of silver, 78 ounces of gold, and 
149 pounds of copper. 

Veins.-Several northeast-trending and steeply dip-

ping veins cut in tu1mel. Both oxidized and primary 
ore on dump. 

Wall rock.-Chiefiy gneissic granite; some quartzite 
and dolomite. 

Ore and sulfide minerals.-Galena, sphalerite, pyrite, 
chalcopyrite, tetrahedrite, cerussite, calamine, mala
chite, azurite, and chrysocolla. 

Gangue minerals.-Quartz and liinonite. 

CUMBERLAND 

Development.-Adit (caved when visited in 1948) 
bearing east, and several pits and cuts. Small an1ount 
of workings. 

P·roduction and tenor.-No cmnplete record of pro
duction before 1901 ; in 1883 produced 530 tons of ore 
valued at $13,250; tenor reported to be 6 ounces of silver 
and 2 ounces of gold to the ton, and 64 perceTlt iron. 
No production recorded from 1901-50. 

Ore body.-Replacement body in limestone bed in 
Belden shale that lies between the quartz diorite por
phyry and Tincup quartz monzonite porphyr:r. Ex
tends irregularly along strike of bed for several hun
dred feet, locally 10 feet thick as exposed in 1949 and 

. reported as much as 38 feet thick in mine. 
Ore and sulfide minerals.-Magnetite, hematite, limo

nite, malachite, and chalcopyrite. Gold and silver 
probably in limonite and chalcopyrite. 

Gangue minerals.-Calcite, quartz, garnet, diopside, 
serpentine, and tremolite. 

DEACON 

Developrnent.-Shaft (caved when visited in 1949) 
about 150 feet deep. Extent of underground workings 
reported to be small. 

Production and tenor.-N o complete record~ avail
able of production before 1901. No production re
corded 1901-50. Some good silver-lead-gold ore. 
Average tenor $50 a ton, and some as high as f ounces 
of gold to the ton. 

Vein.-Strike N. 5° E., dip nearly vertical, length 
400 feet ( ~), width 2 to 3 feet. 

Wall rock.-Manitou dolmnite. 
Ore and sulfide ·minerals.-Cerussite, galena, and 

free gold. 
Gangue minerals.-Quartz and limonite. 

DREW 

Development.-lnclined shaft (caved when visited 
in 1949) 200 feet deep and at least 500 feet of lateral 
workings. 

Produ.ction and tenor.-No cmnplete records avail
able of production before 1901. No production re
cordecl1901-50. A ship1nent in 1881 of 7 tons gave re
turns of 82 ounces, 127 ounces and 676 ounces of silver 
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to the ton for the three classes of ore; single assays ran 
as high as 3,454 ounces. In 1882 a 25-ton shipment as
sayed $200 a ton, and in 1883 an 87 -ton shipment re
turned $8,700, or an average of $100 a ton. In 1883 
mill run of ore when sorted ran 50 to 150 ounces of sil
ver to the ton and 20 percent lead. 

Ore bodies.-Bedded replacement deposits in the up
per part of the Leadville limestone. 

Wall rock.-Limestone and dolomite. 
Ore and sulfide 1ninerals.-Cerussite, galena, cala

mine, free gold, malachite, and chrysocolla. 
Gangue minerals.-Quartz, limonite, and calcite. 

EL CAPITAN 

Development.-Inclined (18° SE.) shaft (inaccessi
ble when visited in 1947) and about 1,000 feet of under
ground workings. 

Production and tenor.-Ore produced to end of 1883 
valued at $60,000 to $80,000. No record, and possibly no 
production, 1884-1900. From 1901-50, only recorded 
production is 68 tons in 1918-19. In 1882 tenor re
ported to be $50 to $700 a ton, and in 1883 ore averaged 
$100 a ton. A 250-tonlot contained 50 ounces of silver 
per ton. In 1883 mill run ore reported to average 1 
ounce of gold per ton. The 68 tons of ore produced 
in 1918-19 yielded 6,746 pounds of lead, 2,267 ounces 
of silver, 12 ounces of gold, and 12 pounds of copper. 

Ore body.-Bedded replacement deposit 4 to 10 feet 
thick at top of Fremont dolomite along its contact with 
overlying shale and limestone of basal Chaffee forma
tion. Beds dip 15°-20° E. 

Wall rock.-Liinestone, dolomite, and shale. 
Ore and sulfide minerals.-Galena, pyrite, cerussite, 

calamine, anglesite, malachite, and free gold probably 
associated with the pyrite. Cerargyrite and argentite 
have been reported but are scarce. 

Gang~te minerals.-Quartz, silicified limestone, and 
limonite. 

INDIANA 

Develop1nent.-Shaft (caved when visited in 1949) 
about 250 feet deep. Extent of underground workings 
are not known but estimated to be about 1,000 feet, 
judging from size of dump. 

Production and tenor.-No records available of pro
duction before 1901. No production recorded 1901-50. 
Reported to have shipped a small amount of good-grade 
ore which carried silver, lead, and a s1nall amount of 
gold. 

Vein.-Strike N. 30° E., dip 55° N,V"., length 425 
feet (?). 

Wall rock.-Limestone and dolon1ite of Chaffee for
mation, and quartz diorite porphyry. 

Ore and sulfide 1ninerals.-Cerussite, galena, and free 
gold. 

Gangue minerals.-Quartz and limonite. 

liliDIY JIAOK 

Development.-A 435-foot shaft (inaccessible when 
visited in 1949) inclined 70° E.; six levels which r~.nge 
from 150 to 350 feet in length; and a 400-:foot winz·~ on 
the 300-foot level that connects with the lower Blistered 
Horn tunnel. 

Produ,ction and tenor.-Records of production be
fore 1901 are incomplete; nearly all production before 
1894. Total value reported to be about $700,000. F:··'0m 
1901 to 1950 only recorqed production was in 1907 when 
152 tons of ore yielded 55 ounces of gold, 977 ounces 
of silver, and 14,396 pounds of lead. Tenor rar-red 
from about $60 to $130 a ton; highest assay was from ore 
mined in 1883, which ran 6,385 ounces of silver anc1 0.5 
ounce of gold to the ton. 

Vein.-Strike N. 25°-30° E.; dip 70° SE.; width 
3%-6 feet. 

lVall rock.-Dolomite, limestone, and quartzite of 
Manitou, Harding, Fremont, and Chaffee formathns. 

Ore and sulfide minerals.-Cerussite, anglesite, and 
some galena and gold. Gold probably in limonite. 

Gangue 1ninerals.-Quartz and limonite. 

NAPOLEON 

Development.-Adit bearing about N. 35° E, at 
portal, and several short prospect adits and shallow 
pits. Mine workings probably total about 500 to 700 
feet, judging from size of dump. 

Production.-No records available before 1901. No 
production recorded 1901-50. 

Ore bodies.-Replacement deposits in the Lead,7 ille 
limestone. 

Wall rock.-Limestone and dolomite. 
Ore and sulfide minerals.-Galena, sphalerite, pyrite, 

cerussite, calamine, and smithsonite. 
Gangue minerals.-Limonite, calcite, and quartz. 

NATIONAL 

Development.-Shaft 90 feet deep, 3 northeast-b~ar
ing adits, and 1 adit, south of shaft and 200 feet lower, 
that bears northwest. All mine entrances caved when 
visited in 1948. 

Production and tenor.-No records available before 
1901. No recorded production 1901-50. Locally re
ported that no ore shipped since 1890. 

Ore bodies.-Reported to be replacement deposits in 
Leadville limestone about 150 feet stratigraphic~.ny 
below top of formation. 

lV all rock.-Limestone, dolomite, and some por
phyry. 

Ore and sulfide minerals.-Pyrite, galena, sphale:-:-ite, 
and malachite. 

Gangue minerals.-Calcite, quartz, and some limo
nite. Quartz mostly brecciated. 
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ROBERT E. LEE 

Development.-Shaft (caved when visited in 1949) 
and an estimated total of 1,200 feet of workings. 

Production and tenor.-Records of production before 
1901 incomplete; reported value in 1887 was about 
$9,000 and in 1890 it was $5,898. Recorded production 
1901-50 is 38 tons of crude ore that yielded 1 ounce of 
gold, 2,535 ounces of silver, and 15,600 pounds of lead. 

Ore bodies.-Bedded replacement deposits in the 
upper part of the Leadville limestone in a higher strati
graphic zone than ore in the Goid Cup mine. 

Wall rock.-Limestone and dolomite. 
Ore and sulfide minerals.-Cerussite, galena, cala

mine, gold, malachite, and chrysocolla. 
Gangue minerals.-Quartz, limonite, and calcite. 

ROBERT E. LEE NO. 2 

Development.-Shaf-t inclined to east (badly caved at 
collar when visited in 1949). Extent of workings not 
known, but probably not more than 500 feet. 

Production.-N o records available before 1901. No 
production recorded 1901-50. 

01•e body.-Probably replacement deposit in upper 
part of Leadville limestone. 

Ore minerals.-None seen on dump although some 
limonite may contain gold. 

Gangue minerals.-Limestone and dolomite. 

SILVER CUP 

Development.-Adi-t bearing about S. 50° E. at portal 
and two shafts (all badly caved when visited in 1948). 
Reported to have been stoped irregularly for about 
1,500 feet (probably both north and south from shafts). 

Production and tenor.-Production included with 
that of Gold Cup, and probably most, or all, produc
tion before 1894. Reported to have been high-grade 
silver-lead-gold ore. 

Ore body.-Bedded replacement deposit in Leadville 
limestone about 150 feet stratigraphically below top. 

Wall rock.-Limestone and dolomite. 
Ore amd sulfide minerals.-Cerussite, anglesite, cerar

gyrite, smithsonite, calamine, galena, and free gold. 
Gangue minerals.-Quartz, limonite, and calcite. 

SYLVAN DELL 

Development.-Shaft (caved when visited in 1947). 
Extent of underground workings could not be ascer
tained, but probably small, considering size of dump. 

Production.-None on record. May have had small 
production before 1894. 

Ore body.-Probably bedded replacement deposit in 
upper part of the Leadville limestone. 

Wall rock.-Limestone and dolomite. 
Ore and sulfide minerals.-Probably cerussite, smith

sonite, calamine, and galena. 

Gangue minerals.-Quartz, limonite, calci·t~, and 
dolomite. 

TIN CUP 

Development.-Vertical and inclined shafts (both 
caved when visited in 1949) and an estimated total of 
1,200 feet of lateral workings. 

Production and tenor.-Records of production before 
1901 are incomplete; in 1883 production of 400 tons 
valued at $60,000 and in 1890 recovered $1,100 in gold, 
$14,222 in silver, and $1,131 in lead for total of ~16,453. 
Tenor of 450 tons shipped in 1881 averaged $18( a ton; 
450 tons shipped in 1882 averaged $178 a ton; in 1883 
tenor ranged from 50 to 380 ounces of silver to the ton 
and about 60 percent lead. Recorded production from 
1901-50 is 125 tons; no production since 1914. 

Ore bodies.-Bedded replacement deposits in Lead
ville limestone chiefly in a stratigraphic zone somewhat 
lower than ore in the Gold Cup mine. 

Wall rock.-Limestone and dolomite. 
Ore and sulfide minerals.-Cerussite, galenr,, cala

mine, gold, malachite, azurite, and chrysocolla. 
Gangue minerals.-Quartz, limonite, and cal~ite. 

WEST GOLD HILL 

Developnwnt.-Workings consist of an adit hearing 
east for 300 feet, an inclined (8°-23°E.) stcne 225 
feet long connected to surface by incline 140 feet long, 
and 130 feet of crosscuts. 

Production and tenor.-No records available of pro
duction before 1901. Recorded production 1901-50 is 
2,493 tons that yielded 650 ounces of gold and 1,374 
ounces of silver. No production recorded since 1908. 
Gold principal metal and reported to be high grade 
locally. 

Ore body.-Bedded replacement deposit in ~fanitou 
dolomite about 35 feet above Sawatch quartzite. 

Ore minerals.-Gold (in lilnonite), cerussite, mala
chite, chrysocolla. 

Gangue m.ine1·als.-Quartz, limonite, silicifiei lime
stone, calcite. 

Ore shoot.-Pitch length 250 feet, breadth 15 to 25 
feet, thickness 7 to 15 feet, pitches east about 15°. Shoot 
in breccia zone of bedding fault. Breccia zone cut by 
several northerly trending and steeply dipping faults; 
all faulting before ore deposition. Faults causei local
ization of ore shoots. 

QUARTZ CREEK MINING DISTRICT 

CHIEF ECONOMIC AND GEOLOGIC FEA.TUF .. ES 

In the part of the Quartz Creek district that lies 
within the Garfield quadrangle the chief val u ~s have 
been in silver and lead, although some gold, copper, 
zinc, molybdenum, and tungsten have been produced 
in commercial quantities. Molybdenum and t11ngsten 
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are confined to the northern part of the district, chiefly 
near Cumberland Pass. The only mine in the Quartz 
Creek district that was even partly accessible in 1950 
was the Complex (pl. 1), which lies about on the south
ern border of the area that contains 1nolybdenum and 
tungsten. Ore occurs in the Quartz Creek district in 
fissure veins and in replacement deposits in limestone 
and dolomite. 
. The veins are chiefly in pre-Cambrian gneissic granite 
In the northern part of the district, north of the Athens 
fault (pl. 1). Most of the veins contain the tungsten 
and molybdenum minerals hubnerite and molybdenite. 
The veins range widely in strike, although the strong
est and Inost persistent molybdenum veins strike nearly 
east, and the tungsten veins all strike northeast, except 
the ComJ?lex. vein which strikes northwest. The dips 
.of the veins, Insofar as could Be determined, are on the 
whole rather flat, and three of the largest ones, the 
Mammoth, Bon Ton, and Complex, dip only 40° to 45°. 
The lengths of most of the veins, determined frmn poor 
exposures at the surface, are only 100 to 200 feet long, 
although the Mammoth-Orient veins, which are prob
ab~y the same, have a total length of about 1,700 feet. 
Widths range from a few inches to about 5 feet and the . ' average Is 1lh to 2 feet. 

In the southern part of the Quartz Creek district 
the ore deposits of known economic importance all lie 
west of North Quartz Creek, principally in a belt a lit
tle less than 2 n1iles long extendinO' from the Silent 
~rien~ mine north to the Athens fa~llt (pl. 1). Very 
httle Is known of these deposits except what. can be 
learn.ed from study of the mine dumps, their surface 
locatwns, and records of past production of some of 
the mines. The Silent Friend mine apparently ex
plored a replacement deposit in the Fremont dolomite. 
The old workings clustered around the Maid of Athens 
mine, south of the Athens fault, may have obtained ore 
frmn replacement deposits in the upper part of the 
Leadville limestone and the thin limestone beds-of the 
Belden ·shale, although the positions of the openings to 
smne of the mines suggest that part of the ore, at least, 
caine from northwest-trending veins along minor frac
tures formed during the movement on the Athens fault. 
The many prospects along the Athens fault indicate 
that ore was locally concentrated in the limy beds on 
the south side of the fault. 

Some of the ore on the Inine dumps is oxidized and 
forms a brown, porous limonitic quartz· locally con
taining a few patches of galena and some cerussite, but 
most of ~he ore now seen on the dumps shows fairly 
fres~1 primary sulfides, including galena, sphalerite, 
pyrite, and chalcopyrite, in a white to gray, fine to 
cryptocrystalline quartz gangue, or less commonly in a 

limestone, dolomite, or marble gangue. Smne barite 
is associated with the gangue quartz at the Maid of 
Athens mine. Malachite, azurite, and chrysocollz. oc
cur locally in minor amounts, and tetrahedrite and 
polybasite are reported from some mines. By far the 
greatest values have been in silver and lead although 
some fairly rich gold ore has been found l~cally and 
a sn1all production of copper has been made. ' 

GRAPHITE MINES ' 

Graphite has been produced from mines in Grarl1ite 
Basin, which is 11h miles S. 70° E. from Cumber~and 
Pass at an altitude a little above 11,000 feet (pl. 1). 
According to A. L. Pearson (oral communication, 
1948), prospecting was first done in this area for silver· 
many years ago, but much later the area became kn')wn 
for its graphite, and during World War I abou~. 78 
cars (narrow gage) of graphite were shipped. No 
mining has been done since then. In 1948 the p:'~op
erty was held by A. E. Woodruff of Greeley, Colo. 

All Inine workings were caved at their entrances 
when visited in 1948. The principal workings ar·~ on 
the north side of the stream. The main adit enterf the 
hill on a bearing of about N. 5° E. A lower adit 80 
feet S. 20° E. of this probably enters the same work
ings as the main adit. Another adit about 100 feet N. 
50° E. from the main adit bears north into the hill. 
The extent of the underground workings is not known, 
but the size of the dumps indicate about 2,000 fe€,t of 
workings. The mine south of the stream and about 850 
feet from the others was worked through an adit b~ar
ing about due south. The size of its dump indicates 
about 1,000 feet of workings. 

The country .rock is carbonaceous shale, dark lime
stone, and a few beds of quartzite of the Belden sl· ale. 
Disseminated pyrite is common in the shale and Hule
stone. 

The graphite is amorphous except for occasional 
flaky streaks. According to Mr. Pearson, there are 
three graphite seams ranging from 18 inches to a],..,ut 
15 feet in thickness. The thickest seam, the one 1nined 
on the south side of the stream, averaged about 45 per
cent carbon, and the other two averaged 85 to 95 per
cent carbon. 

The main adit to the mine on the north side of the 
stream enters the hill along a fault that strikes N. 14° 
E. and dips 82° E. Above the portal to this adit is a 
small exposure of slickensided, black carbonac<'ous 
shale and graphite about 6 feet thick that lies betwqen 
quartzite and gray recrystallized limestone. 

MAID OF ATHENS MINE 

The Maid of Athens mine, at an altitude of about 
11,000 feet, is a mile northwest of the mouth of Halls 
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Gulch, and several hundred feet north of a stream trib
utary to North Quartz Creek. According to A. L. 
Pearson (oral cmnmunication, 1948), mining began in 
1897. The last period of active operation was between 
1915 and 1917. The property was held in 1948 by per
sons living in Canada, according to Harold Koster, of 
Salida, Colo. 

The mine entrances were all badly caved when visited 
in 1948. The main entrance apparently was by a shaft, 
reported to be about 200 feet deep, although three adits, 
all bearing northwest, are within a distance of 150 feet 
from the shaft. The underground workings, which 
must have been fairly extensive, judging from the size 

. of the dump, extended northwest to the boundary of 
the Citizen claim. The earliest work was done on the 
northwestern part of the claim, and entrance was ob
tained by another shaft of unknown depth. 

The country rock is black argillite, dark-gray lime
stone, and some gray quartzite of the lower part of the 
Belden shale. Exposures are poor, but one limestone 
bed 125 east of the n1ain shaft strikes nearly east and 
dips about 40° N. The limestone is strongly jointed; 
the joints are vertical and strike N. 12° W. 

The mine entrance is only a few hundred feet south 
of the strong Athens fault which brings pre-Cambrian 
granite on the north against Pennsylvanian rocks on 
the south, and it is probable that a large part of the 
underground mine workings were in a wide fault zone. 
Most of the rock on the mine dump is brecciated and 
cemented by calcite and quartz. 

The ore, according to Mr. Pearson, was mostly silver
bearing galena, although it contained some gold, prob
ably in pyrite, and some zinc in the form of smithsonite. 
The ore shoots were chiefly in the limestone beds adj a
cent to a narrow dike of Tincup porphyry. Mr. 
Pearson stated that the ore occurs as irregular "vein
like" bodies ranging in width from an inch or less to 
large "cavelike" bodies. Mineralized material on the 
dump is gray to black silicified limestone with minor 
patches and irregular veinlets of white quartz, both 
commonly iron stained. Most of it has many small 
vugs and narrow cracks lined with minute quartz crys
tals which give a shiny appearance to some of the rock. 
One specimen on the dump showed white barite inter
grown with white quartz. Some of the gray silicified 
rock has been brecciated and recemented by a later gen
eration of white quartz. Pyrite and galena are cmnmon 
in small grains, and minor amounts of chalcopyrite and 
copper stain are present. 

SILENT FRIEND MINE 

The Silent Friend mine is half a mile southwest of 
the mouth of Halls Gulch on the steep east slope of the 
mountain about 1,000 feet above North Quartz Creek. 

According to A. L. Pearson (oral communication, 1948) 
the mine was originally loc3ited by a Mr. Stolle...-, prob
ably in the seventies or eighties, and the last TVork of 
any consequence was in 1890. In 1917 the mine was re- · 
opened by Elmer Wiley, but no ore was shippe·l The 
total value of the ore produced, as estimated by Mr. 
Pearson, was $400,000 to $500,000, with values mainly 
in silver and lead. 

Entrance to the mine, which was caved wher visited 
in 1948, was by an inclined shaft bearing wes~-north
west, and reported to be 300 to 400 feet long. The size 
of the dump indicates a moderate amount of under
ground workings, probably the equivalent of about 
2,000 feet of tunnel. The ore occurred in dolomitic 
limestone of the Manitou form31tion bordering, but not 
in, a northwest-trending reverse fault, probably the 
fault shown on the geologic map, plate 1, 500 feet 
west of the mine. 

According to Mr. Pearson, the ore shipped in the 
early days consisted chiefly of silver-bearing galena, 
a little gold-bearing pyrite, and minor amounts o.f 
cerussite and anglesite. Most of the ore was fron1 
caves in the dolomitic limestone. Some ore on tl ~ du1np 
contains, in addition to the minerals mentioned above, 
considerable light-gre~n and brown sphalerite, chal
copyrite, secondary copper stains, and a litth tetra
hedrite, all in a quartz and calcite gangue. 

OTHER MINES AND PROSPECTS 

BEN FRANKLIN 

Development.-Shaft (caved when visited in 1948), 
reported to be "not deep." Extent of unde ... ground 
workings unknown. 

Production and tenor.-Total value of ore produced 
estimated by A. L. Pearson to be $40,000 to $50,000. 
From 1901 to 1950 the only recorded production was 
in 1911, when 9 tons of ore yielded 455 ounces C'f silver, 
30 pounds of copper, and 374 pounds of lead. This was 
the first mine in this area, and ore reported to l:_ ~ rather 
low-grade silver-lead. 

Veins.-N one indicated on surface but probably along 
or adjacent to the Athens fauJ,t. 

Wall rock.-Argillite, limestone and dolomite beds of 
Belden shale; gneissic granite, and quartz monzonite 
porphyry. 

Ore and sulfide minerals.-Pyrite, galena, and chal
copyrite. 

Gangue mineral.-Quartz. 

BON TON 

Development.-Crosscut adit bears about N. 10° W. 
for 600 feet. At 285 feet from portal a drift extends 220 
feet westward and 200 feet eastward, stoped about 150 
feet of this distance. At about 200 feet and 60 feet 
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from the portal, two drifts extend east 140 and 100 feet, 
respectively. Portal was caved when visited in 1949. 

P1•oduction.-No records available before 1901. Only 
recorded production from 1901 to 1950 was in 1913-22 
when 1,980 tons of crude ore was produced, which 
yielded 133 ounces of gold, 3,527 ounces of silver, 3,665 
pounds of copper, and 2,529 pounds of lead. A few tons 
of molybdenmn ore produced during W oriel War I 
assayed 1 to 3 percent MoS2 • 

Veins.-Bon Ton: Strike, averages N. 67° E.; dip, 
38°-63° SE.; width, 21h to 5 feet; 1nade up of quartz 
with stringers and disseminations of pyrite, chalcopy
rite, and Inolybdenite. Vein offset in places by north
trending faults. Two narrow east-trending veins south 
of Bon Ton vein are·weakly 1nineralized. 

Wall rock.-Gneissic granite. 
Ore and sulfide minerals.-Pyrite, chalcopyrite, mo

lybdenite, gold, and silver; no galena reported in veins 
but smelter returns of 1nine indicate its presence. 

Gang1.te 'mineral.-Quartz. 

CITIZEN 

Development.-Three shafts and one adit, all badly 
caved at collar or portal when visited in 1948. Main 
shaft about 300 feet deep. It is reported that workings 
connect with those of Maid of Athens mine. 

Production and tenor.-N o record available before 
1901. Recorded production 1901-50 is 3,135 tons 
(mostly from 1902-06), which yielded 579 ounces of 
gold, 148,072 ounces of silver, 517 pounds of copper, 
and 4,24 7 pounds of lead. 

V eins.-Probably quartz vein or veins in the Belden 
shale adjacent to or in the Athens fault, although none 
exposed at surface. 

Wall rock.-Argillite, limestone, and dolomite. 
Ore and s1.1ijide 1ninerals.-Pyrite, galena, sphalerite, 

chalcopyrite, malachite, and chrysocolla. 
Gangue 1ninerals.-Quartz and silicified limestone. 

COMPLEX 

Development.-Adit bears northeast for 300 feet to 
vein; about 500 feet of drifts; several prospect shafts 
and pits on ridge northeast of adit portal. Mine work
ings extend upward for 150 to 200 feet from adit level; 
partly accessible when visited in1948. 

Production and tenor.-No records available for pro
duction before 1901, although n1ine first worked in 1879. 
From 1901 to 1950 recorded production is 24 tons. A 
21-ton shipment of hand-cobbed ore made in 1948 
assayed 0.02 ounce of gold and 21.10 ounces of silver 
per ton, 13.50 percent lead, 17.55 percent zinc, and 2.10 
percent copper. The tungsten assays, if made, were not 
available. 

Vein.-Strike N. 15°-40° W., dip 40°-55° SW., length 
about 500 feet and width averages 4· feet. 

Wall rock.-Gneissic granite. 
Ore and sulfide minerals.-Hubnerite, scheelite, tetra-· 

hedrite, galena, sphalerite, pyrite, chalcopyrite, covellite 
(stain), malachite, azurite, and chrysocolla. Cerargy
rite reported frmn old workings. 

Gangue 1ninerals.-Quartz and scarce calcite. 
Changes in depth.-Reported that values in upper 

workings mostly in tungsten. 

EMMA H. 

Develop,ment.-Two shafts, each probably less than 
50 feet deep, on a northwest-trending vein. Both shafts 
inaccessible when visited in 1949. 
Production.~No records available before 1901. Only 

production between 1901 and1950 w·as shipment of 11 
tons in1913 which contained 1 ounce of gold, 205 ounces 
of silver, and 348 pounds of copper. 

Vein.-Emma H.: Northwest-trending vein 400 feet 
long, average width 1 to 3 feet. 

lV all rook.-Gneissic granite. 
Ore and sulfide minerals.-Sparse molybdenite and 

pyrite, and probably chalcopyrite and tetrahedrite. 
Gangue 1nine1·al.-Quartz. 

FLUORSPAR LODE 

Development.-Several shallow prospect cuts and 
pits. 

Production.-N one as late as 1950. Prospected for 
fluorite. 

Veins.-V einlets 1,4 inch to 4 inches wide in lode 6 
feet wide. Strike northeast and steep northwest dip. 
Vein may have a length of 5,000 feet as shown on plate 
1, but poorly exposed. 

Wall rook.-Argillized Silver Plume ( ~) granite. 
Ore and gangue 1ninerals.-Quartz and fluorite, C1m

monly banded. Most of quartz brecciated before intro
duction of fluorite. Fluorite varies from white to blue, 
green, and purple. 

HUBNERITE LODE 

Developnwnt.-Four short adits and several prospect 
cuts. All adits caved when visited in 1948 except one 
that had been driven south 65 feet to a poorly mine~al
ized east-trending vein. Estimated total underground 
workings 600 to 700 feet. 

Product-ion and tenor.-Records of production be
fore 1901 incomplete, although it is reported that the 
veins were worked in the seventies for gold and silver. 
No production recorded 1901-48. In 1943 a sa1nplc of 
the ore from the western adit, obtained from pieces 
showing the full width of the tungsten streak, assayed 
2.52 percent WOa. 
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Veins.-Poorly exposed. Several northeast-trending 
veins reported and tentatively projected on plate 1. 
Vein exposed in adit strikes N. 85° E., and dips 80° S. 
Widths range frmn 12 to 24 inches. Tungsten streaks 
are 4 to 8 inches wide and reportedly lay on one side of 
the veins. 

Wall rock.-Altered gneissic granite and locally 
altered schist or Sawatch quartzite. 

Ore and sulfide 1ninerals.-Pyrite, chalcopyrite, 
hubnerite, tetrahedrite, galena, sphalerite, chalcocite, 
covellite, bornite, and locally a trace of molybdenite. 

Gangue minerals.-Quartz and some limonite. 

IDA MAY 

Developrnent.-Workings consist of 60-foot shaft, an 
east-trending adit, and several shallow shafts and pits. 
Adit and 60-foot shaft caved when visited in 1949. 

Production and tenm·.-Workings reported to have 
produced $18,000 in gold and silver. Two or three cars 
of tungsten ore containing 11 percent W03 and valued 
at $16,000 was produced during World War I. Sample 
of 2-inch streak picked :from dump assayed 19.10 per
cent WOa. 
Vein~.-Group reportedly includes 3 north- to north

east-trending tungsten veins 150 to 500 :feet long that 
appear to range from 2 to 6 inches wide, float indicates 
maximum width of 18 inches; 3 tungsten-molybdenum 
veins and several molybdenum veins 100 to 200 feet 
long, having average width of 11h to 2 feet. Ida May 
veins contain some sulfides. 

Wall rock.-Gneissic granite. 
Ore and sulfide 1ninerals.-Relatively abundant mo

lybdenite, hubnerite, pyrite, chalcopyrite, cerussite, and 
some tetrahedrite, galena, marmatite, covellite, bornite, 
cuprite, and 1nolybdenum stain. 

Gangue 1nineral.-Quartz. 

LADY FRANKLIN 

Development.-Adit bearing about S. 45 ° W. at 
portal (caved when visited in 1948). Extent of mine 
workings not known but probably total about 1,000 
feet. 

Production.-No record available before 1901, but 
probably small production. No production recorded 
1901-50. 

Ore bodies.-Probably replacement bodies in Lead
ville limestone adjacent to a northwest-trending fault. 

Wall rock.-Dolomite and limestone. 
Ore and sulfide minerals.-Some material on dump 

contains sparse pyrite, chalcopyrite, and galena. 
Gangue minerals.-Silicifi.ed limestone, calcite, and 

limonite. 
MAMMOTH 

Development.-One 130-foot adit along east-trend
ing vein that was cut near portal. Adit inaccessible 
when visited in 1949. 

Production.-No records available before 1~01. No 
production recorded 1901-50. Average grade of vein 
believed to be about 0.8 percent MoS2 throughout width 
of 30 to 40 inches. 

Vein.-Strike, N. 75° E.; dip, 40°-50° S.; length, 
900 feet, possibly longer; width, averages 4 feet. Vein 
cut off by a fault about 100 feet west of portal, and 
Orient vein 1nay be offset part of Mammoth. 

lVall rock.-Quartz, intenRely altered gneissic gran
ite, and gouge and breccia. 

Ore and sulfide minerals.-Molybdenite and sparse 
pyrite. 

Gangue minerals .-Quartz and country rock. 

MOLYBDENITE 

De1-'elopnwnt.-Workings consist of a crosscut adit 
bearing N. 30° W. for 140 feet, an 85-foot drift on vein, 
and an opencut 100 :feet long. Mine last operated in 
1917-18. Portal of adit caved when visited in 1949. 

Production and tenor .-No records available of pro
duction before 1901. In 1917 and 1918 shipment of 
400 tons hand-sorted ore averagecl4.5 percent MoS2 • A 
3-foot sample cut in 1943 from vein in opencut. assayed 
0.81 percent MoS2 • 

Vein.-Molybdenite: Strike, N. 80° W; dip, 57°-67° 
S.; 3 feet of quartz in opencut contains disseminations 
and stringers of pyrite and molybdenite, and traces of 
chalcopyrite. Thickness of molybdenite vein in under
ground workings reported from few inches to 11h feet. 

Wall rock.-Shearecl and altered gneissic granite. 
Ore and sulfide minerals.-Molybdenite, pyrite, and 

chalcopyrite. 
Gangue n~ineral.-Quartz. 

MORNING GLORY 

Development.-Two aclits bear northwest; caved at 
portal when visited in 1949. 

Production and tenor.-Records of production be
fore 1901 incomplete, although it is reported that in 
the eighties two carloads of native copper were obtained 
frmn boggy ground near the portal of the upper adit. 
No production recorclecl1901-50. Assays of 100-pound 
samples taken from the two clumps in 1943 ran 0.08 per
cent and 0.20 percent MoS2 • 

Ore body.-Zone of disseminated molybdenite, pyrite, 
and chalcopyrite covered at surface by morair~. Most 
pieces on clumps contain a little molybdenite as thin 
faces on joints and to a lesser extent as diss1~minated 
flakes. 

Wall roclc.-Gneissic granite. 
Ore and sulfide minerals.-Molybdenite, pyrite, and 

chalcopyrite. 
Gangue.-Wall rock. 
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OCCIDENT 

Development.-Adit bears S. 75° E. for 300 feet. 
Vein intersected 110 feet from portal, drifted on for 15 
feet. Adit inaccessible when visited in 1949. 

Production and tenor.-No production known. Sam
ple of 6-inch hubnerite vein taken in 1943 assayed 1.45 
percent wog. 

Vein.-Occident: Strike, N. 22° E.; dip, 75° W.; 
length, 600 feet at surface; width, 6 inches of quartz 
containing hubnerite on hanging-wall side, and 6 to 
12 inches of soft, sheared granite containing abundant 
sulfides. 

Wall rock.-Gneissic granite, altered and sheared. 
Ore and S'ulfide 1ninerals.-Hubnerite, pyrite, chalco

pyrite, chalcocite, covellite, and trace of molybdenum 
stain. 

Gangue 1ninerals.-Quartz and wall rock. 

PORCUPINE 

Development.-Tunnel bears N. 35° W., 1,100 feet 
through West Gold Hill, completed about 1880. Both 
portals caved when visited in 1949. Some later devel
opment work done on vein cut by tunnel near south
east portal. 

Production.-Records of production before 1901 in
complete, although some silver produced. No produc
tion recorded 1901-50. Sample of hand-sorted mate
rial on dump in 1943 assayed 0.13 percent MoS2 • 

01•e bodies.-Fault breccia containing silver and dis
seminated sulfides. Near southeast portal tunnel cuts 
strong northwest-trending vein containing molyb
denum. 

lV all roch.~.-Gneissic granite and a breccia, probably 
consisting chiefly of fragments of the Sawatch quartz
ite. 

O·re and sulfide 1ninerals.-Silver, molybdenite, and 
sulfides, probably including pyrite and galena. 

Gangue rninerals .-Quartz and wall .rock. 

TOMICH! MINING DISTRICT 

CHIEF ECONOMIC AND GEOLOGIC FEATURES 

The early production from the Tomichi district was 
principally oxidized silver and lead ore, but later pri
n1ary lead and zinc ore became the most valuable. Al
though some gold, silver, and copper are recovered, the 
district now primarily produces zinc and lead. A small 
tonnage of iron ore was obtained many years ago from 
a magnetite deposit at the Iron l{ing mine, northeast 
of Whitepine. 

The ore deposits vary considerably in metallic con
tent, 1nineral assemblages, form, and occurrence. In 
general, however, the deposits in the Paleozoic sedi
Inentary rocks are of the .replacement type in limestone 
and dolmnite ; those in all the other rocks are fissure 

383972-57-6 

veins. The vein deposits occur in the northern two
thirds of the district and continue north of Brittle Sil
ver Basin into the Chalk Creek district. The chief 
replacement deposits lie east of Whitepine in an area 
of about 1 square mile in the northwest half of the 
patch of folded and faulted strata of Paleozoic age 
preserved in a syncline (pis. 1 and 5). Most of the 
past mining operations in the district were con~en
trated in the area east of Whitepine, and in ano~her 
area 2 miles northeast, near the junction of Deer G'Ilch 
and Tomichi Creek. Of the many mines in the district, 
only five were accessible, even in part, at the tim':' of 
this investigation. 

Among the vein deposits only the pyritic quartz veins 
are of significant economic importance, although a few 
quartz-fluorite veins occur in the northern part of the 
district. The pyritic quartz veins range from irreg·llar 
stringers a fraction of an inch wide to well-defned 
veins 6 feet thick, but most of those on which mines 
are located are from 1 to 4 feet thick. Some extend 
a hundred feet or less, but others attain a lengt]', of 
about half a mile. Although the attitudes of the veins 
vary considerably, most veins have a northerly strike 
and steep westerly dip (pl. 1), and 1nost are in the 
Mount Princeton quartz monzonite. The vein filling 
is typically white vuggy quartz and sparse to very 
abundant pyrite, some chalcopyrite, and local shoots of 
galena and sphalerite. The galena is commonly sil "'er
bearing; gold reportedly occurs in some of the pyrite 
and in native form in some of the oxidized ore. Several 
other minerals occur locally, as greenockite, chalco~ite, 
azurite, malachite, tennantite, tetrahedrite, angle~1te, 
cerussite, and native silver. Barite occurs in the quartz 
gangue of the Lilly and Bill Short mines. 

The depth of oxidation is not known precisely but 
is not great, as indicated by fresh sulfides in the vein 
quartz exposed in many shallow prospect pits. The 
information available indicates that none of the rrines 
on veins were more than a few hundred feet deep. 

The replacement deposits, which are confined tc the 
Whit~pine area, occur in two rather distinct fo~·ms. 
The most important one economically is replacenent 
along fault zones; the other is replacement along bed
ding. The replacement deposits along faults are chiefly 
confined to the Star fault (pl. 5), a northerly striking 
and easterly dipping reverse fault of considerable dis
placement. Rhyolite porphyry dikes follow and locally 
cut across the fault. The principal ore shoots occur on 
the western or footwall side of the fault, in dolo"'llite 
or limestone near the porphyry. Some extend 100 feet 
west of the fault. Individual ore shoots range from a 
length of a few feet to at least several hundred feet, 
and most show a steep northeasterly plunge. ~he most 
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favorable host rock is the Manitou dolomite, although 
other limestone and dolomite beds, especially the Lead
ville limestone, contain replacement deposits along this 
fault zone. Bedded and somewhat irregular replace
ment deposits occur at several positions in the sedimen
tary beds lying between the Manitou dolomite and the 
Belden shale, but the most productive zone lies at the 
top of the Leadville limestone, immediately below the 
basal quartzite or argillite beds of the Belden shale. 
The Erie and Eureka-Nest Egg mines (pl. 5) obtained 
ore from irregularly spaced east-dipping shoots at this 
position. 

Some of the ore near the surface is strongly oxidized, 
but there is little oxidation below a depth of 100 feet. 
Most of the ore mined at depth and in the more recent 
operations consists of a granular aggregate of sphaler · 
ite, galena, and variable amounts of pyrite and chal
copyrite. The galena is com1nonly silver-bearing, and 
gold is locally contained in the pyrite. The sulfides are 
chiefly in a gangue of marbleized limestone or dolomite 
with variable amounts of quartz or silicified limestone. 
Much of the gangue of the deposits lying immediately 
below the Belden shale contains earlier formed contact 
metamorphic minerals such as epidote, diopside, Inag
netite, and andradite garnet. 

AKRON MINE 

The portal of the Akron tunnel is a few hundred 
feet south of Whitepine and 300 feet east of the road 
along Tomichi Creek (pl. 5). The tunnel extends east 
about 3,500 feet to a point where it intersects the main 
workings of the Akron mine. Secti.on B-B', plate 5, 
approximately follows the course of the tunnel. 

In 1901 the North Star, Tenderfoot, May, and Mazep
pa mines (pl. 6) were incorporated into the Akron Min
ing Co., and the Akron tunnel was started from about 
the level of Tomichi Creek and was driven eastward to 
undercut these mine workings. The tunnel was com
pleted to its intersection with the North Star-Dividend 
shaft in 1903, and frmn 1903 to 1937 the n1ine operated 
intermittently. In 1937 the Callahan Zinc-Lead Co. 
acquired control and is operating the mine. 

The following table gives the recorded production of 
the mine from 1901 to 1950. This production came 
from ore shoots of the North Star, May, Mazeppa, and 
W. and A. mines. The production for 1924, 1942, and 
since 1943 includes production of the Erie 1nine and 
possibly others. 

When last examined in 1951 the mine was accessible 
through the Akron tunnel, the Mazeppa shaft, and a 
raise from the 350 level to the Tenderfoot tunnel. The 
Akron tunnel, the main haulageway, is 3,450 feet long, 
and about 5,500 feet of drifts and crosscuts connect with 
it, excltiding the Morning Star development drift. 

Above the tunnel level are five main levels designated 
as the 75, 100, 150, 250, and 350 levels which have a 
total of about 6,000 feet of drifts and crosscuts (pis. 6 
and 7, and fig. 3). In 1951 the Callahan Zinc-Lead Co. 
was mining and doing development work primr.rily on 
the 150, 250, and Akron tunnel levels. The chief work 
was the Morning Star development drift that wr.s being 
driven south from the Akron level, parallel to, and a 
short distance west of, the Star fault, to exphre the 
area below the old workings of the Morning Star mine 
(pl. 6). 

Production of the Akron mine, in recooered tnetal, 1!101-50 

[Compiled by A. J. Martin, Statistics Branch, Economics Division, U.S. Bureau 
of Mines, Denver, Colo. No production recorded for years not listed. Published 
by permission of the owners.] 

Crude Gold Silver Copper Lead Zinc Year ore (dry 
tons) (ounces) (ounces) (pounds) (pounds) (pounds) 

190L ......•.... 1,500 75 12,000 ---------- ------------ ------------
1903.--- -----·-- 163 9 1,102 229 ------------1905 ____________ 700 52 7,000 210,000 ------------19J6 ____________ 85 1,354 22,632 -----i43:2o5 1916 ____________ 3,301 14 7,490 4,931 216,926 
1919_--- -------- 1,500 1 444 17,455 ------------
1920.----------- 5,523 11,713 997,448 521,800 1924 I ___________ 9, 762 107 58,546 3,806,380 4, 613,051 1927 ____________ 1, 167 19 9,206 3, 263 494,183 353,934 
1928_--- -------- 1,427 20 10,207 2,641 514,031 725,983 
1929.----------- 389 7 2, 943 526 125,986 159,804 1930 ____________ 108 1 293 28 33,740 51,520 
193L ___________ 118 1 1,608 611 81,155 ------------1941_ ___________ 92 2 805 34,386 45,791 19421 ___________ 380 3 1, 865 1, 379 105,521 144,981 
1943.----------- 3,941 40 21,597 20,681 597,870 910,479 
1944 I_---------- 5, 768 68 21,545 43,794 794,269 1, 151,837 1945 I ___________ 6,176 63 22,896 24,035 782,659 1,083,396 19461 ___________ 4,220 28 14,266 47,746 730,251 1,071, 976 1947 ! ___________ 8,001 58 48,554 12,607 2,853, 740 3,315,862 1948 I ___________ 18, 158 89 85,312 31,468 4,016, 293 5, 153,685 
19491_-- -------- 14,676 67 60,578 39,073 2, 737,872 3, 755,978 1950 I ___________ 12,342 ---------- 72,836 1, 578,650 2,426, 660 

------
TotaL ... 99,497 724 474,160 232,783 20,751,676 25,629,942 

I Akron, Erie, and other ore combined. 

The Akron mine workings, the most extensiV43 in the 
district, expose all the formations occurring in the dis
trict (pl. 5) except the Belden shale. Highly altered 
Silver Plume( n granite is exposed in the hanging wall 
of the Star fault on the Akron level (pl. 7), Akron
Morning Star development drift, 150 level, and 250 
level (pl. 6 and fig. 3). The Manitou dolomite-the 
host rock for the n1ain ore bodies of the Akron 1rine-is 
exposed on all levels of the n1ine, both on the hanging 
and foot walls of the Star fault. On the foot"Vall of 
the fault the J\tfanitou dolomite is shattered, silicified, 
and locally mineralized and, although at Inost places 
the beds are difficult to distinguish, in general they 
strike northerly and dip 40°-70° E. The Manitc•1 dolo
mite on the hanging wall of the fault, as exposed on 
the Akron level (pl. 7), is shattered, folded, and re
crystallized. The Harding quartzite, Fremont dolo
mite, Chaffee forn1ation, and Leadville limestone are 
only exposed by the easterly trending drift into the 
hanging wall of the Star fault on the Akron leYel. In 
general, the beds strike northerly and dip 30°--45° E. 
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FIGURE 3.-Vertical projection of workings along the Star fault, Akron mine. 

A rhyolite body is exposed west of the Star fault in 
the Akron tunnel, Akron level, 150 level, and 250 leveL 
This rhyolite is highly sericitized and silicified and is 
difficult to distinguish from the altered Manitou dolo
mite on the footwall of the Star fault. Shenon and 
Full,9 because of the intense alteration of this body, 
were not sure of its origin and so termed it si1nply the 
Akron formation. The rhyolite body intruded the 
Manitou dolomite before the formation of the Star 
fault. 

The Mount Princeton quartz monzonite is exposed 
only in the Akron mine in the Akron tunnel. 

A rhyolite porphyry dike, younger than the rhyolite 
body and the Mount Princeton quartz monzonite, is ex
posed throughout the Inain workings of the mine (pl. 
7 and fig. 3) . This dike, and branches of it, intruded 
the Star fault zone and locally the foot and hanging 
walls of the fault. At the contacts the rhyolite por
phyry dike may grade into pitchstone porphyry, and in 

o Shenon, P. J., and Full, R. P., 1946, Akron mine, Callahan Zinc
Lead Co., Tomichi mining district, Gunnison County, Colo.: Private 
report made to Callahan Zinc-Lead Co. 

the vicinity of the ore bodies the dike has been altered 
to a dark-gray clay. 

The chief structure is the Star fault, a reverse fault 
which strikes northerly and dips 40°-80° E., with an 
average dip of 60° E. Where exposed in the Akron 
tunnel (pl. 7), the Star fault is a 110-foot breccia and 
gouge zone containing 90 feet of altered rhyolite por
phyry. The displacement along the fault could not be 
measured in the mine ; at the north end of the mine 
workings Manitou dolomite has been thrust frorr the 
east over the rhyolite body, and at the south end, Silver 
Plume(?) granite has been thrust from the east over 
Manitou dolomite. The Star fault was formed, and 
much of the shattering of the Manitou dolomite and 
the rhyolite body oecurred, before the intrusion of the 
rhyolite porphyry dike and before mineralization. 
Some faulting occurred after the .rhyolite porphyry 
dike was emplaced, as indicated by 1 to 12 inches of 
gouge that occurs locally along the contact of the dike. 

The ore occurs in a wedge of Manitou dolomite, 20 
to 100 feet in width, between the Star fault on the east 
and the rhyolite body on the west (pl. 7). Most of the 
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ore has come from near the Star fault on the east side 
of the wedge of Manitou dolomite, but in late years 
considerable ore has been produced from the west side 
of the wedge near the contact of the Manitou dolomite 
and the .rhyolite body. In general, the ore bodies in 
both zones are elongated parallel to the Star fault, dip 
40°-80° E., and plunge north. They range in pitch 
length from 50 to 300 feet, in breadth from 10 to 200 
feet, and in width from 2 to 75 feet. 

The ore near the Star fault is composed of large 
masses of coarse- to fine-grained sphalerite and galena 
and small disseminated grains of pyrite and chalco
pyrite. Much of this ore averages better than 30 per
cent of combined zinc and lead. The contacts between 
the ore bodies and the country rock are sharp. Locally 
the rhylite porphyry dike, within the Star fault, is the 
hanging wall of the ore bodies, and is separated from 
the ore by 1 to 12 inches of gouge. 

In the zone of ore bodies near the contact of the Mani
tou dolomite and the rhyolite body, the ore is composed 
of 1- to 6-inch bands of sulfides in a gangue of clay and 
silicified Manitou dolomite. Individual sulfide bands 
consist of layers of nearly pure galena and sphalerite 
alternating with layers of sphalerite mixed with pyrite 
and chalcopyrite. The average ore assays 10 to 15 per
cent combined zinc and lead. Where the ore bodies in 
this zone are in contact with the rhyolite body, the con
tact is sharp and commonly there is 1 to 6 inches of 
gouge along the contact. The contacts of the ore bodies 
with the Manitou dolomite, however, are gradational, 
the contact being dependent upon the ratio of gangue 
and pyrite to the ore minerals. 

Oxidized ore has not been mined from .the Akron 
mine, although it has been found above the 350 level. 
It consists of siliceous limonite and calcite containing 
cerussite and residual grains of galena. Oxidized ore 
was produced from the North Star, May, Mazeppa, and 
W. and A. 1nines before their incorporation into the 
Akron mine. 

The tenor of the ore produced from the Akron mine 
is best shown by records of the Callahan Zinc-Lead Co., 
which show that the average grade of 58,803 tons of 
crude ore produced between 1925 and 1950 was 6.04 
ounces of silver per ton, 11.43 percent lead, and 14.96 
percent zinc. 

ERIE MINE 

The Erie mine is about 1,200 feet east-northeast of the 
town of North Star on the south side of Galena Creek 
(pl. 5). It may be reached by a good road that joins 
the Galena Creek road about 1,500 feet northeast of the 
town. The mine is owned by the Callahan Zinc-Lead 
Co. 

The Erie claim, according to Crawford (1913, p. 284), 

was located in 1882. The mine is reported (Crawford, 
1913, p. 303) to have yielded ore worth $16,399 in 1891. 
No records are available on the 1nine from 1892 to 1901, 
and from 1902 to 1950 the 1nine was operated intermit
tently. Before 1943 all mining was done through the 
Erie shaft. In 1943 the Callahan Zinc-Lead Co. 
extended the Silver Trowel tunnel, now called tl'~ Erie 
tunnel, to the no. 4 level of the Erie shaft. Since 1944 
all the mining has been done through this tunneJ. The 
following table gives the recorded production of the 
mine from 1901 to 1947. Included is some proc1uction 
from the Eureka-Nest Egg, May, Mazeppa, North Star, 
and Spar copper mines. In 1942 and since 194 7 all 
production has been included with that of the Akron 
mine. 

Production of the Erie mine, in reoovered metaZ, 1901-4"1 

[Compiled by A. J. Martin, Statistics Branch, Economics Division, U.S. Bureau of 
Mines, Denver, Colo. No production recorded for years not listed. Published 
with permission of the owners] 

Crude 
Year ore Gold Silver Copper Lead Zinc 

(dry (ounces) (ounces) (pounds) (pounds) (pounds) 
tons) 

---
1907------------ 38 ---------- 1,344 ------iso- 21,000 19,508 
1913_ ----------- 80 -------54- 423 9,371 18,265 
1917------------ 3, 690 15,207 63,362 539,965 614,619 
1918_ ----------- 1,000 3 6,912 215 282,821 346,157 
192L ----- ______ 48 -------34- 860 ------146- 42,302 

---a;5s7~o54 1923------------ 7,207 12,592 1, 422,150 
1925_ -- --------- 4,618 67 34,957 7,800 1, 295,466 1,434, 203 
1926_ ----------- 2, 732 66 22,157 11,402 862,064 932,049 
1944_-- --------- 5, 768 67 21,408 43,794 794,269 1,151,837 
1945_ ----------- 6,176 63 22,896 24,035 782,659 1,083, 396 
1946------------ 4,220 28 14,.266 47,746 730,251 1,071, 976 
1947------------ 2,234 17 15,338 43,293 267,524 875,609 

---------
TotaL ___ 37,811 399 168,360 241,943 7,049, 842 11,134,673 

The mine was first worked through the Erif shaft, 
which was caved in 1949. According to Shenon and 
Full 10 the shaft is vertical for 90 feet from the surface 
and then inclined for 230 feet. Extending fr1m the 
shaft are six levels. The Erie tunnel intersects the no. 
4 level, and only the nos. 4 and 3 levels were ac~~essible 
in 1949. Plate 8 is a modification of a similr.r map 
prepared by Shenon and Full for the Callahan Zinc
Lead Co. The map shows that the accessibh mine 
workings consist of about 4,000 feet of drifts and cross
cuts. 

The country rock ~s the Leadville limestone, which 
here is largely limestone marble and dolomiti~ lime
stone marble, and the Belden shale. The Belden shale 
is composed of interfingering beds of conglo:-neratic 
quartzite, quartzi,te, and argillite. It was depof~ted on 
an irregular surface of the Leadville lilnestone. The 
formations strike northwesterly and dip 25° to roo NE. 
Cutting the formations and the ore bodies ar~~ many 
small northwesterly to northeasterly striking :fr~.ctures 

10 See footnote 9 on p. 69. 
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that dip steeply east or west. The displacement, if any, 
along these fractures is small. At the south end of the 
no. 4 level is a fault zone about 70 feet wide. In this 
zone are blocks of quartzite as much as 4 feet in length, 
cemented with coarsely crystalline calcite. This fault 
zone could not be found on the surface, and the dis
placement could not be deter1nined. 

The most extensively mineralized zone is along the 
contact of the Leadville li1nestone with the overlying 
Belden shale. This mineralized zone is about 600 feet 
long and averages 8 feet wide on the no. 4 level (pl. 8). 
A second 1nineralized zone is 10 to 30 feet southwest of 
the zone along the contact, or 5 to 30 feet lower strati
graphically. Both mineralized zones approximately 
parallel the bedding of the Leadville formation in both 
strike and dip. The zones are mineralized and altered 
wherever they are exposed in the 1nine, but only locally 
was the 1nineralization extensive enough to form ore. 
·The contacts between the ore and cotmtry rock are gra
dational for 2 to 4 feet. Ore n1inerals also occur in 
small fractures in the country rock and in the quartzites 
and argillites of the Belden shale. 

The ore 1ninerals in the mine and on the du1nps are 
oxides and primary sulfides. Oxidized ore minerals 
were found on the dumps of the Eureka-Nest Egg 
mine, which is believed to have worked extensions of the 
Erie ore zones, and the early production of the Erie 
mine was probably from the oxidized zone. The pri
mary sulfide minerals in the Erie mine are galena, 
sphalerite, pyrite, and chalcopyrite. Fine- to coarse
grained galena occurs as irregularly shaped masses %, 
to 4 inches in length. The sphalerite is red to black, and 
mostly fine grained. The pyrite and chalcopyrite occur 
as disseminated fine grains in the country rock and as 
fine to coarse grains associated with the galena and 
sphalerite. Magnetite is locally associated with the 
ore; it occurs as irregularly shaped 1nasses, lh inch 
to 6 inches in length. .., 

The ore occurs in shoots which plunge northward. 
The largest shoot was stoped from the No. 3 level, a 
few feet northwest of the shaft, to the No. 6 level, a 
pitch length of about 250 feet. This stope ranges in 
length frmn 40 to 200 feet and averages about 6 feet in 
width. Other smaller shoots, to the north and south 
of the main shoot, were stoped on both mineralized 
zones. Most of these range fron1 20 to 80 feet in stope 
length, 5 feet in width, and were stoped for a pitch 
length of 50 to 100 feet. 

In the two mineralized zones in the Leadville lime
stone, the ore minerals are associated with a dense, 
hard, yellowish-green rock which contains epidote, di
opside, garnet, and magnetite. Small amounts of ore 
minerals are found in the quartzites and argillites of 

the Belden shale associated with a sugary quartz 
gangue. The ore minerals in small fractures in the 
Leadville limestone are associated with calcite and 
quartz gangue. 

In 1950 the Callahan Zinc-Lead Co. estimated that 
the mine contained 250 tons of measured ore, 1,000 tons 
of indicated ore, and 5,000 tons of inferred ore. The 
tenor of the measured ore was estimated at 5 pe1·0ent 
lead and 19 percent zinc. .That of the indicated anrt in
ferred ore, 3 percent lead and 12 percent zinc. Pillars 
in the old stopes account for the measured ore. 

EUREKA-NEST EGG MINE 

The Eureka-N est Egg mine is on the north slope of 
Lake Hill at an altitude of about 10,700 feet. It is 
reached by a poor road which climbs southward up the 
hill from the Erie mine and Galena Creek (pl. 5). 

The Eureka-N est Egg mine was one of the ea1·1iest 
mines in the Tomichi district. Crawford (1913, p. 284) 
reports that in 1879 the first ore was discovered in the 
district, and in that year the Nest Egg and protably 
the Eureka claims were located. The reports of the 
Directors of the Mint give the production from this 
mine for the years 1887, 1888, and 1890 as follows : 

Production of Eureka-N est Egg mine for 1887, 1888, and 1890 1 

Year Gold Silver G~fi~~d Copper Lead Total 

------1------------------
1887---------------- ---------- ---------- $19,493 ---------- $18,840 $38,333 
1888---------------- ---------- $18,100 ---------- ---------- 28,952 47,052 
1890---------------- $6 796 ---------- $26 14 .. 842 ------------------

TotaL_______ 6 18,896 19,493 26 47,806 86,227 

1 Reports of the Directors of the Mint upon the statistics of the productio:'l of the 
precious metals in the United States for the calendar years of 1887, 1888, and 1890. 

The following table gives the production of this mine 
:from 1901 to 1950 : 

Production of Eureka-N est Egg mine, 1901-50 
[Compiled by A. J. Martin, Statistics Branch, Economics Division, U. S. Bureau of 
Mines, Denver, Colo. No production recordedforyearsnotlisted. Published with 
permission of the owners.] 

Year Crude ore Gold Silver Copper Lead 
(dry tons) (ounces) (ounces) (pounds) (rounds) 

---------1----------------
1917------------------------ ---
1918_ --------------------------
1933_ --------------------------

35 1 
11 ----------

108 2 

198 24 
61 ----------

1,833 ----------

10,548 
4,080 

87,146 ---------------
TotaL__________________ 154 3 2, 092 24 101,774 

The mine was worked through several shafts, vrhich 
were caved when visited in 1950. No maps are r.vail
able ; so the extent of the underground workings is not 
known. The shafts were started in the Belden shale 100 
to 200 feet east o:f the contact between the Belden shale 
and the Leadville limestone. Most of these shafts went 
through the Belden shale and into the Leadville lime-
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stone, because material from both formations is found 
on the dumps. The Belden shale dips 25°-35° E., a dip 
which means that the shafts would reach the Leadville 
limestone at depths of 50 to 100 feet. 

The Leadville formation in the vicinity of the mine 
consists of limestone marble and dolmnitic limestone 
marble and the Belden shale of interfingering beds 
of conglomeratic quartzites, quartzites, and argillites. 
The irregularity of the contact between these forma
tions, where observed east of the shafts, indicates that 
the Belden shale was deposited on an uneven erosion 
surface of the Leadville limestone. The formations are 
cut by many short northeast- to northwest-trending 
fractures, which dip steeply east or west. The displace
ment along these fractures is believed to be small. 

On the dumps, the oxidized ore minerals cerussite and 
anglesite are found associated with galena in vuggy, 
iron-stained quartz gangue. Galena crystals averaging 
about one-fourth inch in diameter are coated with a very 
thin band of anglesite which in turn is coated with a 
band of cerussite. Cerussite also occurs as fine white 
crystals lining small vugs. Galena, sphalerite, chal
copyrite, and pyrite, accompanied by epidote and gar
:aet, are found in irregular-shaped masses in fine
grained quartzite and in partially silicified dolomitic 
limestone marble. Most of the ore, as in the Erie mine 
(p. 71), is believed to have been produced from the 
upper Leadville limestone at or near its contact with 
the Belden shale, and very little was produced from the 
quartzites of the Belden shale. 

MAY, MAZEPPA, AND W. AND A. MINES 

The May, Mazeppa, and W. and A. mines were in
corporated into one mine, the Akron, shortly after their 
discovery. The shafts are 300 to 600 feet southeast of 
the old town of North Star (pl. 5). The mine was 
owned in 1952 by the Callahan Zinc-Lead- Co. 

Very little information is available on the history 
and production of the mine. Shenon and Full 11 

report that the May shaft was the first of the three 
shafts started. The following table gives the only pro
duction figures available on the mine. According to 
Shenon and Full, the mine closed in 1907, and very 
little if any work was done from 1907 to 1937, when the 
Callahan Zinc-Lead Co. acquired control. Any produc
tion of the mine since 1903, when the Akron tunnel was 
completed, would have been included with that of 
Akron mine. 

The workings of the mine were caved when visited 
in 1950, except for the Mazeppa shaft. The following 

11 See footnote 9 on p. 69. 

information was obtained from the report of Shenon 
and Full.11 The May shaft extends from the sur
face to the 400 level of the .._t\.kron mine (fig. 3) . The 
Mazeppa shaft extends frmn the surface to a sublevel 
about 20 feet above the 400 level. This shaft is main
tained as an escape 1nanway for the Akron min~ and a 
conduit for power cables to the 1nine. The W. and A. 
(Woodworth and Allen) shaft extends from the sur
face to the 400 level. The 400 level includes ab'lut 600 
feet of workings, and at its south end is the Mr.y raise 
which connects it with the main workings of the Akron 
mine. The ground above the 400 level is believed to 
have been stoped fron1 the May shaft to theW. and A. 
shaft. 

Pt·oduction of the May, Mazeppa, and W. and A. min<?-8, 1888, 
1890, and 1891 1 

Year Gold Silver Lead Totals 
-----------------------l-----1----------------
1888 _________ ----------------------------- $300 $11, 636 $2,640 $14, 576 
1890-------------------------------------- ---------- 129,792 218,339 348,131 
1891. ___ - ----------------- ---------------- ---------- 305, 200 274, 915 580, 115 

TotaL ___ -------------------------- 300 446, 628 495, 894 942, 822 

1 Reports of the Directors of the Mint upon the statistics of the produ1tion of the 
precious metals in the United States for the calendar years of 1888, 1890, and 1891. 

The country rock is white and gray dolomitic lime
stone marble of the Manitou dolon1ite, and a rhyolite 
porphyry dike. The subsurface geology is not known 
because the workings were caved or timbered, ar<l there 
were no geologic maps available. The shafts were 
started in the hanging wall of the Star fault that has 
locally been intruded by a rhyolite porphyry dike. The 
dike and fault dip east. Shenon and Full report that 
the ore was produced from west of the rhyolite dike; 
that is, from the footwall of the fault. No sp~cimens 
of the ore were found on the dumps, but the ore was 
probably the satne as that of the Akron mine (p. 70), 
which worked the lower part of the same ore l: ody. 

MORNING STAR MINE 

The Morning Star mine is 500 to 1,000 feet northwest 
of the saddle between West Point Hill and Lake Hill 
at an altitude of about 10,500 feet (pl. 5). The lower 
tunnel, the only part of the workings accessible in 1951, 
is reached by a road which goes south from the Galena 
Creek road at the old town of North Star. The mine 
was owned in 1952 by the Callahan Zinc-Lead Co. 

Production was first reported in 1907, and the 1nine 
was operated intermittently from then to 19? !), In 
1951 the lower tunnel was reopened and some of the 
workings rehabilitated (pl. 9). The followirg table 
gives the production from 1-901 to 1950. 
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Production of Morning Stm· tnine, ·in recovered metal, 1901-50 

[Compiled by A. J. Martin, Statistics Branch, Economics Division, U. S. Bureau 
of Mines, Denver, Colo. No production recorded for years not listed. Published 
by permission of the owner] 

Year Crude ore Gold Silver Copper Lead Zinc 
(dry tons) (ounces) (ounces) (pounds) (pounds) (pounds) 

---
1907------------ 117 ---------- 3,394 ---------- 51,472 49,137 
1908_ ----------- 350 ---------- 10,151 ---------- 154,000 147,000 
1910_- ---------- 463 10 8, 960 3,181 171,773 176.815 
191L ----------- 803 12 13,800 3, 564 281,157 508,569 
1912_ ----------- 360 2 6,850 1,159 125,039 255,752 
1913_- ---------- 75 2 1,806 763 23,063 39,425 
1914_- ---------- 677 9 10,917 79 27,226 358,250 
1916.----------- 136 3 2,072 ---------- 38,908 68,172 
1926_ ----------- 163 70 1,376 484 55,942 68,964 
1927------------ 424 4 5, 768 1,494 127,308 183,340 
1929_ ----------- 40 495 199 15,878 22,431 
1933_- ---------- 194 2 2, 744 1, 018 65,486 67,098 
1934_-- --------- 79 ---------- 1,064 391 52,103 41,794 

---------
TotaL ___ 3,881 114 69,397 12,332 1,189,355 1, 986,747 

The mine was originally accessible through an in
clined shaft and two tunnels (pl. 6). The shaft extends 
from the surface, altitude about 10,600 feet, to about 
halfway between the upper and lower tunnels. The 
upper tunnel, N. 55° W. 250 feet from the shaft, extends 
into the hill for about 600 feet ; it is connected to the 
shaft by a short crosscut. The lower tunnel, N. 35° W. 
650 feet from the shaft, goes into the hill about 720 feet 
where it divides into two drifts. The total workings on 
this level are about 2,500 feet. Below the lower tunnel 
level, and connected with it by two winzes, is a winze 
level with about 1,250 feet of drifts and crosscuts. 

The country rock associated with the ore is dolomite 
and limestone marble of the Chaffee and Leadville for
mations. The sedimentary rocks are cut by an east
ward-dipping rhyolite porphyry dike which invaded 
both the Star fault zone and the sedimentary rocks in 
the footwall of the fault. Where the dike invaded the 
footwall of the fault, blocks of 1narble are east of the 
rhyolite dike in fault contact with the Silver 
Plume(~) granite. Where the dike i& confined to the 
fault zone, it is in direct contact with the granite. The 
dike and Star fault dip 45°-65° E. 

According to Crawford (1913, p. 300), the ore oc
curs in limestone blocks in fault contact with the granite 
east of the Fhyolite dike and in limestone west of the 
dike. He reports seeing sulfide ore bodies 1 to 6 feet 
wide west of the dike and one ore body east of the rhyo
lite dike 6 feet wide and extending 100 feet upward with 
a dip of 4 7° E. In the workings accessible in 1951 ore 
was seen east of the rhyolite dike in a zone of brecciated 
and silicifiedli1nestone or dolomite marble about 15 feet 
in width (pl.9). 

Oxidized and primary sulfide ore minerals are found 
on the du1nps and in the mine. It was reported to Craw
ford ( 1913, p. 301) that lead carbonate extended about 
100 feet down from the surface and that a body of oxi
dized ore 1 to 5 feet thick extended upward 50 feet from 
the upper tunnel level. The ore exposed in the lower 

tunnel consists of galena in a siliceous iron-stained 
gangue. Ore from the dumps contains small patchr~ of 
galena with fine-grained· galena and yellow sphalerite 
in a white or gray dolomitic limestone marble. As
sociated with the galena and sphalerite are small 
amounts of fine-grained pyrite and chalcopy:':'ite. 
Crawford (1913,, p. 301) reports that an ore sarnple 
taken from near the bott01n of the shaft, which is alnut 
halfway between the upper and lower tunnel levels as
sayed 0.14 ounce of gold and 19.10 ounces of silver 
per ton, 22.7 percent lead, and 45.0 percent zinc. 

NORTH STAR MINE 

The North Star mine is a few hundred feet north 
of the Morning Star and about 1,200 feet southeas~. of 
the old town of North Star (pl. 5). The 1nine ma~7 be 
reached by a poor road which joins the Galena Cr~ek 
road about 700 feet east of North Star. The Callahan 
Zinc-Lead Co. owned the mine in1952. 

The North Star mine was one of the first mine2 in 
the Tomichi district. According to Crawford (1913, p. 
284), the North Star claim was located in 1879. Bur
chard ( 1882, p. 464) reports that ore was shipped £-:-om 
the 1nine in 1881 and 1882. In 1883, according to Bur
chard (1883, p. 308), the mine was being worked 
through seven shafts, and the ore produced averaged 
140 ounces of silver per ton and 50 percent lead. For 
1884 Burchard ( 1884, p. 217) reports the mine was pro
ducing 4 to 6 carloads of ore per week. From 1884: to 
1900 there are no records available on the productio~ of 
the mine. In 1901 the Akron Mining Co. started op
erating the North Star and other mines in the dist!'ict. 
The production of the mine from 1901 to 1950 is in
cluded with the production of the Akron mine. 

The mine was worked in the early days through sev
eral inclined and vertical shafts. Two of these shr.fts, 
the North Star and North Star-Dividend shafts (pl. 5), 
reached a considerable depth. No information is avail
able on the workings of the North Star shaft, but the 
workings of the North Star-Dividend shaft are shown 
on plate 6, and figure 4 is a composite geologic map of 
the lower workings of the North Star-Dividend shaft. 
None of the workings were accessible when visited in 
1950. 

The country rock is white, gray, or brown limestone 
marble or dolomitic limestone marble of the Manitou 
dolomite. The following information on the geology is 
quoted from the report of Shenon and Ful1.12 

The North Sta.r ore is found along the nose of a pitching anti
cline as irregular replacement bodies in the Tomichi limes~one 
[Manitou dolomite of this report], and along cross-cutting frac
tures not far above the Sawatch quartzite. The writers mapped 
three mineralized beds and several c.ross-cutting fractures wlere-

12 See footnote 9 on p. 69. 
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FIGURE 4.-Geologic map of part of the North Star-Dividend shaft levels. 

as Michael Clapp [former manager of the mine] reports four 
ore bearing horizons. The most persistent and regularly min
eralized horizon is immediately above the Sawatch quartzite. 
None of the stopes were long ; for the most part, less than 50 
feet, and the thickness was generally less than 3 feet. The only 
North Star stope seen by the writers was less than three feet 
wide. 

The ore in crosscutting fractures is found near the crest of 
the anticline. The best example seen by the writers is called 
the T. N. stope. The ore occurred along the intersection of a 

steeply dipping northeast fracture with a limestone bee\ located 
about 35 feet stratigraphically above the Sawatch quartzite. 
The stope trends S. 25° W. at an angle of about 35°. Where 
the writers saw the stope it was more or less circular i.n cross 
section and ranged from 6 to 8 feet in width and from 8 to 10 
feet in thickness. The cross fracture along which the ore oc
curred in the T. N. stope can be seen in the Akron tunnel 25 
feet northeast of the winze, where it is weakly mineralized. 

The ore seen in the lower levels was a mixture o:l: galena, 
sphalerite, and pyrite, generally in a banded arrangement with 
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certain bands commonly containing more of one mineral than 
another; thus layers of nearly solid galena often alternate with 
layers composed largely of sphalerite and pyrite. The writers 
saw the end of one ore shoot. The sulfides cut out within a 
length of 10 feet and gave away to calcite, iron oxide, and man
ganese oxides. 

Oxidized and primary sulfide ore minerals are found 
on the dumps of the shafts. Cerussite, calamine, and 
smithsonite occur in a soft white dolomitic gangue, lo
cally limonitic. Fine- to coarse-grained galena and py
rite are found in the dolomitic limestone country rock 
and in coarsely crystalline calcite veins. Fine-grained 
sphalerite is associated with the galena, and there is a 
small amount of chalcopyrite associated with the py
rite. Most of the rocks on the dumps are iron stained, 
and small amounts of azurite, malachite, and chryso
colla are found as stain on some of the rocks. 

SPAR COPPER MINE 

The Spar Copper 1nine includes the Morning Glim, 
Ensign, and Parole tunnels, which were driven at differ
ent levels to intersect the same vein. They are at alti
tudes of from 10,400 to 10,600 feet on the east slope of 
the Tomichi Creek valley, about three-fourths of a mile 
northeast of Whitepine (pl. 5). The Morning Glim tun
nel may be reached by a poor road which joins the Ga
lena Creek road about 2,000 feet northeast of the town 
of North Star. The Parole tunnel1nay be reached by a 
road which joins the Tomichi Creek road about 3,800 
feet northeast of Whitepine. Trails connect the En
sign tunnel with the Morning Glim and Parole tunnels. 
The mine property includes the Morning Glim, and 
Spar patented claims that in 1950 were owned by C. A. 
Tutt of Colorado Springs, Colo., and the Jersey, Snow
den, Ensign, Iron Duke, and Bob Lee patented claims 
owned by the Callahan Zinc-Lead Co. 

The production records are incomplete and partly 
contradictory. Leech ( 1890, p. 134) reported the mine 
produced silver valued at $698 and lead valued at $428 
in 1890. The follo,ving table gives the production of 
the mine frmn 1901 to 1950 as reported to the U. S. Bu
reau of Mines. Some production f.rmn this mine has 

Prdduction of the Sta1· Copper mine, in 'recovered metal, 1901-50 

[Compiled by A. J. Martin, Statistics Branch, Economics Division, U. S. Bureau 
of Mines, Denver, Colo. No production recorded for years not listed. Published 
by permission of the owners] 

Year Crude ore Gold Silver Copper Lead 
(dry tons) (ounces) (ounces) (pounds) (pounds) 

----------1---------------
1901--------------------------- 125 10 3,879 13,690 ----------
1908--------------------------- 58 5 2,000 5,485 ----------
1912_ -------------------------- 45 3 1, 964 4, 920 5, 625 
1913___________________________ 41 3 1,529 3,072 6,483 
1916___________________________ 58 4 2, 993 5, 725 744 
1917___________________________ 1,104 14 9,336 21,086 7,416 
1940--------------------------- 14 362 1,103 4,043 

TotaL __________________ ~ --3-9 22,063 M:Osli24,3ll 

been included with that of the Erie, Eureka-Ne;;t Egg~ 
May, Mazeppa, and North Star n1ines. 

Shenon and Full 13 report that according tC' a Mr. 
Dyrenforth, a former operator of the mine, the mine 
produced a total of about 4,800 tons of ore. Of this,. 
according to Dyrenforth, 2,300 tons was oxidized 
copper-silver ore, assaying 7 percent copper and 5· 
ounces of silver per ton, produced from the Morning 
Glim tunnel; and 2,500 tons, averaging 20 percent lead, 
30 percent zinc, 10 ounces of silver, and 0.04 ounce of 
gold per ton, came from the Parole tunnel. According 
to Shenon and Full,13 J. E. Dick shipped 320 tons of 
ore frmn the mine in 1925-26, which averaged 0.4 per
cent copper, 12 percent lead, 22 percent zinc, 10 ounces 
of silver, and 0.047 ounce of gold per ton. The produc
tion as reported by Shenon and Full was not credited 
by the U.S. Bureau of Mines to the Spar Coppe~· mine,. 
and probably was included by the operators with ship
Inents from other mines. 

All the tunnels were caved in 1950, and the following 
discussion is based on earlier reports. The Morning 
Glim, Ensign, and Parole tunnels are successivel~r lower 
levels driven to work the Spar Copper vein. Crawford 
( 1913, p. 303) states that the Morning Glim tunnel is 
about 1,200 feet long, and that the Parole tunnel, after 
cutting the Morning Glim fault, continues along the 
Spar Copper vein for about 500 feet. Shenon and 
Full 13 report that the Ensign tunnel is about 3l)5 feet 
long. 

The n1ine workings are on both sides of the Morning 
Gliin fault. This fault strikes northerly and dips 
steeply east with Silver Plume ( ~) granite on the east 
having been thrust over the Belden shale on the west
a vertical displacement of at least 1,400 feet. The ore 
of the Spar Copper mine was produced from two locali
ties, a vein in the granite east of the Morning: Glim 
fault, and replacement deposits in the limestone mar
bles of the Belden shale west of the fault. Tl'~ vein 
is not exposed at the surface, but its trend may be fol
lowed for about 300 feet by a series of caved pr0spect 
pits and shafts. According to Crawford (1913, f. 304),. 
the vein, as exposed in the Parole tunnel, is about 31h 
feet wide, and includes ore about 1 foot wide. T~1e ore 
occurs in lenticular bodies on either side of the Yein or 
in s1nall stringers in the vein. The vein has been fol
lowed in the Parole tunnel for about 500 feet. Vein 
matter on the dtunps shows veinlets of banded quartz 
and pyrite, and minor a1nounts of galena, sphr1erite, 
tetrahedrite, and chalcopyrite occurring as r arrow 
bands or lining small vugs, in altered granite. The 

1a See footnote 9 on p. 69. 
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galena is coarse- to fine-grained and may or may not 
have small grains of sphalerite intermixed with it. 
Chalcopyrite and tetrahedrite occur, lining small vugs 
or as fine grains intermixed with the other metallic min
erals. Crawford (1913, p. 304) found a little enargite 
and also reported native copper. The feldspars and 
ferromagnesian minerals in the granite, within and 
along the vein, have been altered to yellow clay. Where 
veinlets of quartz and pyrite cut the altered granite, the 
rock on either side is silicified and pyritized for 1 to 10 
inches from the veinlet. 

The ore in the limestone marbles of the Belden shale 
west of the fault contains galena, sphalerite, pyrite, and 
chalcopyrite in a matrix of white to blue-gray limestone 
marble. The Belden shale in the vicinity of ,the mine 
is composed of limestone marble and i:Qterbedded shale 
and quartzite. The ore minerals are fine grained and 
occur as disseminated grains in the 1narble or in 0.1 to 
1 inch aggregates in a quartz, barite, and calcite gangue. 

TENDERFOOT MINE 

The Tenderfoot mine is about 700 feet south of the 
old town of North Star at an altitude of about 10,200 
feet (pl. 5). A poor road goes west from the portal of 
the mine about 300 feet and joins a road that runs north 
to the town of North Star. The mine was owned in 
1952 by the Callahan Zinc-Lead Co. 

Very little information was available oil the history 
and production of the mine. The Tenderfoot ore body 
was presumably discovered while the Tenderfoot tun
nel was being driven to its intersection with the North 
Star-Dividend shaft. L. B. Stitzer reported to Shenon 
and Full 14 that the mine produced a large quantity of 
high-grade ore. The production of the mine has been 
included with that o:f the Akron mine. 

The Tenderfoot tunnel was driven about 800 :feet to 
the North Star-Dividend shaft. Several short drifts, 
totaling about 580 :feet, were driven :from both sides o:f 
the tunnel. When visited in 1950, the tunnel was caved 
about 270 :feet :from the portal. The geologic map o:f 
the mine, figure 5, was modified :f.rom one prepared :for 
the Callahan Zinc-Lead Co. by P. J. Shenon .and R. P. 
Fu1l.14 

The tunnel starts in the ~Ianitou dolomite, which 
here is a white and gray limestone 1narble and dolo
mitic limestone marble. About 250 :feet south of the 
portal, it cuts the Star :fault, which brings the Silver 
Plume ( ~) granite in contact "\vith the Manitou dolo
mite. A rhyolite porphyry dike intruded along the 
:fault zone. The west contact of the dike was n1apped 
by Shenon and Full 14 in a drift south of the tunnel 

14 See footnote 9 on p, 69. 

as dipping 75° E. East of the dike is the Silver 
Plume(~) granite, follo~ed by northeastward-dipping 
Sawatch quartzite, and Manitou dolomite. The Sa
watch quartzite and Manitou dolomite are folded into 
a syncline plunging to the northeast. According to 
Shenon and Full, most of the ore was produced from a 
pipelike ore body just west of the trough of the syn
cline. The ore was in the Manitou dolomite about 130 
feet stratigraphically above the Sawatch quartzite. 
Shenon and Full report that this ore body was Etoped 
upward :for at least 40 feet, and :for a length of :fron1 
10 to 20 feet. There are no records available on the 
mineral content of the ore, and no ore specimenf were 
observed on the dump. Presmnably the ore was mined 
for lead and zinc. 

VICTOR MINE 

The Victor mine is on the south side of West Point 
Hill, at an altitude o:f about 10,600 feet, and is 6C 0 feet 
south of the Morning Star shaft. The mine is reached 
by a poor road which passes the Morning Star and 
North Star mines, and joins the Galena Creek road 
about 700 feet east of the old town o:f North Star 
(pl. 5). In 1952 the mine was owned by the Callahan 
Zinc-Lead Co. 

The Victor claim, formerly called the Beta, was one 
of the earliest in the To!nichi district. Crawford 
(1913, p. 284) reports that it was located in 1882 and 
that the production (p. 300) o:f the mine before 19!.1 was 
about $500,000. The following table gives the pr0duc
tion from 1901 to 1950. 

Product-ian of the Vict(W miue, in t·ecoz,ered metal, 19C 1-50 . 
[Compiled by A. J. Martin, Statistics Branch, Economic~ Division, U.S. r··m·au of 

Mines, Denver, Colo. No production recorded for yea1. not listed. Fut i~hpri 
by permission of the owners] 

Year Crude ore Gold Silver Copper Lead I Zin:· 
(dry tons) (ounces) (ounces) (pounds) (pounds) (pour,ds) 

--------1------------------
1906_- ·-------------
1909_- ·-------------
1916_-.- ------------
1917-- ·-------------
1919_ ---------------
1920_- ·-------------
1923_- ·-- -----------
1924_- -------------. 

100 1, 800 ------- ·-- 40,000 37,508 
74 2 4,640 48,324 17,425 ----------
41 -------- ·- 285 84 3, 983 10,998 
47 1 458 474 4, 082 11, 000 

221 ---------- 2,175 30fl 75,764 149,592 
251 --------·- ---------· -------·-- 55,344 106,840 
475 5 6, 889 1, 642 262, 485 24, 168 
166 ' 2 2, 220 1, 462 76, 048 24, 883 

TotaL---··-· I:375J--1-0 Jls:467js2,295 535,131 I 364,989 

The mine workings were caved when visited in 1950. 
Old 1naps obtained by the Callahan Zinc-Lead Co. show 
that the mine was worked by an inclined shaft and a 
tunnel. The inclined shaft, about 300 feet in length, 
bears about due east and is inclined 45 °. Alor!! the 
shaft at 40- to 50-:foot intervals are six levels ·vrith a 
total of 300 feet of workings. No maps were ava.ilable 
of the Victor tunnel, but according to Crawford (1913, 
p. 300), the tunnel was driven 200 to 300 feet before 
1911. 
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FIGURE 5.-Geologic map of the Tenderfoot tunnel. 

The country rock is dolomitic limestone 1narble of the 
Leadville formation, which dips about 50° E. About 
100 feet east of the shaft, the Star fault brings the 
Silver Plume(?) granite against Leadville beds. A 
rhyolite porphyry dike occupies most of the fault. 
zone and locally cuts into the lilnestone in the footwall 
of the fault, leaving blocks of limestone east of the dike 
in fault contact with the granite. The dip of the fault 
and dike ranges from 45 ° to 65 ° E. 

Crawford (1913, p. 300) describes the occurrence of 
the ore as follows : 

The largest orebody hitherto discovered in the mine extended 
from the surface to a depth of 182 feet and was just west of 
the porphyry dike that may be seen in the Morning Star mine. 
The longest drift of ore bas a length of 300 feet. The greatest 
thickness of the ore body was 8 feet. The ore was chiefly 

silver-bearing lead carbonate and averaged $62 a ton ir value. 
A few years ago a tunnel, which was driven 200 or 300 feet, 
cut a body of sulphide ore about 75 feet below the sur.~ace on 
the east side of the porphyry dike-that is, between the P<'rphyry 
and the granite. This ore was in or near the Star faPlt. Of 
the four carloads shipped from the tunnel the best ran 93 
ounces silver per ton, 26 percent lead, and 6 percent copper. 

Oxidized ore found on the dumps contains cerussite, 
calamine, and smithsonite, with associated small p"'.tches 
of galena in a gangue of vuggy, iron-stained q·uartz. 
The 1nost abundant primary ore mineral is galena, 
found as disseminated grains or small patches ir dolo
mitic limestone marble. Associated with it is a small 
amount of yellow or brown sphalerite, a little pyrite, 
and some chalcopyrite. Crawford ( 1913, p. 30')) re
ported that specimens from the tunnel carried galena, 
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tennantite, and pyrite. Most of the rocks of the dump 
are heavily iron stained, and some azurite and malachite 
occur as stain on these rocks. 

WEST POINT MINE 

The West Point mine is on the north slope of West 
Point Hill, at an altitude of about 10,200 feet, just west 
of the lower Morning Star tunnel (pl. 5). It may be 
reached by a trail from the lower Morning Star tunnel. 
In 1952 the mine was owned by the Callahan Zinc
Lead Co. 

Very little information is available on the _history, 
production, or workings of the mine. Crawford (1913, 
p. 299) reports that several tons of ore were removed 
when the adit was being driven and that in 1912 the 
owners reported shipping a carload of silver-lead car
bonate ore. As shown on plate 6, the workings, which 
were caved when visited in 1950, consist of a tunnel 
about 1,100 feet long and a raise 900 feet from the 
portal. Crawford (1913, p. 299) states that the tunnel 
was driven in granite for about 300 feet and then in 
limestone for 200 feet, but detailed mapping in the 
vicinity of the mine has shown that the adit was started 
in Manitou dolomite and intersected a shear zone about 
300 feet from the portal. (The shear zone may be fol
lowed on the surface by a series of caved prospect pits 
and shafts.) The adit is then believed to have followed 
the shear zone to its intersection with the granite. 

In most of the Tomichi district the Sa watch quartzite 
directly overlies the granite but locally Manitou dolo
mite may be in contact with the granite because the 
Sa watch quartzite was removed by erosion before depo
sition of the Manitou dolomite. The latter must be the 
case in this mine, for Crawford (1913, p. 299) states 
that some ore was removed from a raise at the contact 
of the granite and limestone (Manitou dolomite of this 
report). A favorable locality for deposition of ore 
would be in the fractured limestone or dolomite at 
the intersection of the shear zone with the contact be
tween the Manitou dolomite and the granite. 

Ore found on the dump contains pyrite, chalcopyrite, 
and sphalerite as disseminated grains and in small vein
lets in the dolomite marble and granite. A small quan
tity of galena is associated with the sphalerite. Ore 
1ninerals in the dolomite marble ctre accompanied by 
a little epidote, diopside, and calcite, and in the granite 
by sorne phlogopite. Most of the granite on the dump 
is altered, the feldspars to sericite and the ferromag
nesium minerals to hydromica. 

OTHER MINES AND PROSPECTS 

ALWILDA TUNNEL 

Developrnent.-Adit, bearing N. 71° W. at portal. 
Caved when visited in 1950. Reported in 1910 to be 
about 1,000 feet long. 

Production.-No records before 1901. No production 
recorded 1901-50. 

Vein.-Tunnel driven to cut Silver Cord .and Lilly 
veins, but probably did not reach them. · 

Wall rook.-Mount Princeton quartz monzonite. 

ANNIE HUDSON 

Development.-Adit bearing S. 80° E. at portal 
(caved when visited in 1949), and several prospr0t pits 
and short adits. Estimated underground workings total 
1,000 feet. 

Production and tenor.-No records available of pro
duction before 1901. No production recorded 1901-50. 
Total production probably small. Ore stacked at portal 
in 1910 assayed 41.00 percent zinc and carrird 5.25 
ounces of silver to the ton. 

Ore body.-Replacement body in limestone of the 
Belden shale along the Morning Glim fault zona.. 

Wall rook.-Dolomite, limestone, and marble contain
ing some specularite, magnetite, serpentine, and tremo
lite. 

Ore and sulfide minerals.-Smithsonite, calamine,. 
and galena. 

Gangue minerals.-Quartz and limonite. 

BEN BOLT 

Development.-Shaft (inaccessible when vis:ted in 
1949), and probably only a small amount of level 
workings. 

Production.-Little, if any; no recorded production 
1901-50. 

Vein.-Strike N. 75° E., dip 75° N., lengtl' 1,800 
feet on surface, width 6 to 18 inches. 

Wall rook.-Mount Princeton quartz monzonite. 
Ore and sulfide minerals.-Py1·ite, sphalerite, galena, 

and some chalcopyrite on dump. 
Gangue mineral.-Quartz. 

BILL SHORT 

Develop1nent.-Adit bears northeast, and estimated 
total workings of about 2,000 feet. Mine accessible for 
a few hundred feet when visited in 1949. 

Prodtwtion and tenor.-Records of production before 
1901 unavailable. The only production recorde~l from 
1901 to 1948 was in 1935 when 14 tons of ore yielded 
158 ounces of gold, 357 ounces of silver, 157 pounds 
of copper, 712 pounds of lead, and 1,879 pounds of zinc. 

V ein.-Strike northeast, dip 60°-75° NW., length 
at least 700 feet. 

Wall rock.-Altered Mount Princeton quartz mon
zonite and some altered Silver Plume ( ~) granite. 

Ore and sulfide minerals.-Pyrite, sphalerite, galena, 
chalcopyrite, and rare greenockite. 

Gangue minm·als.-Quartz and barite. 
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BREADWINNER 

De,veloptnent.-Sha:ft, caved when visited in 1950. 
Total1nine workings small, judging :from size o:f dump. 

Production and tenor.-No records available before 
1901. No production recorded 1901-50. One assay of 
ore :from dump gave 37.70 percent zinc. 

Ore body.-Bedded replaceinent deposit at contact o:f 
Fremont dolomite and Chaffee :formation. 

TV all rock.-White dolomite marble o:f Fremont dolo
mite and shaly limestone o:f Chaffee :forn1ation. 

Ore and sulfide tninerals.-Calamine, cerussite, smith
sonite, and galena. 

Gangtte 1nirwrals.-Banded sugary quartz and limo
nite. 

CONGRESS TUNNEL 

Development.-Adit, caved 50 :feet :from portal when 
visited in 1950. 

Production.-N o records available before 1901. No 
production recorded 1901-50. 

Ore body.-Beddecl replacement deposit in Leadville 
limestone at contact with Belden shale. 

W allraock.-Limestone marble o:f Leadville limestone 
and quartzite and argillite of Belden shale. 

Orae and sulfide tnineraals.-Sphalerite, galena, pyrite 
and chalcopyrite. ' 

Gangue mineraals.-Calcite, dolmnite, and some epi
dote, diopside, and garnet. 

DAVID H. 

Development.-Three shafts, caved when visited in 
1950, but reported not deeper than 100 feet. Extent of 
underground working unknown but probably small. 

Production.-No records available before 1901. 
Only recorded production from 1901 to 1950 is 512 tons 
in 1901-03 which yielded 5 ounces of gold, 20,304 
ounces of silver, and 184,791 pounds of lead. 

Ore bodies.-Replacement bodies along steeply dip
ping, northerly striking fractures. 

Wall raock.-White and gray dolon1ite marble and 
tre1nolite-bearing 1narble of the Leadville limestone. 

Ore and sulfide 1ninerals.-Cerussite, calamine, 
smithsonite, and galena. Tetrahed.rite and stephanite 
reported. 

Gangue mine1•als.-Dolomite and calcite. 

DAY STAR 

Development.-Entered by adit bearing S. 3 ° W.; 
three drifts total 640 feet, and one crosscut 102 feet. 

Praoduction.-Probably none. No production re
corded 1901-50. 

V eins.-One main vein and two short and narrow 
veins. Main vein strikes on the average N. 23° vV., 
clips 53° W. to vertical, exposed for 410 :feet in rnine, 

and traced for total -length of 1,900 feet at sur:':ace, 
width 1 inch to 7 :feet, with average of 2 :feet. Locally 
bordered by gouge and breccia zone as wide as 3 feet. 

W allraock.-Mount Princeton quartz monzonite and 
Mount Aetna quartz monzonite porphyry. Locall:7 al
tered :for distance of 8 :feet or less. · 

Mineraals.-Quartz, fluorite, and scarce pyrite, rllal
copyrite, and calcite. Stephanite (brittle silver) has 
been reported as occurring in small quantity. 

DEFIANCE 

Developtnent.-Shaft and short adit (both inacces
sible when visited in 1949) ; small workings. 

Production.-No complete records available before 
1901, but it is reported that several carloads o:f ore 
shipped in early eighties. No production reco:r-ded 
1901-50. 

Vein.-Not exposed and no data available. 
W allraock.-Silver Plume(~) granite. -
Ore and sulfide 1ninerals~-Pyrite, sphalerite, and 

probably others. 
Gangue 1nineraal.-Quartz. 

DENVER CITY 

Development.-Shaft, inclined 55° N. 71° E., 2CO to 
250 feet deep, and an adit several hundred :feet lrmg. 
Shaft and adit caved when visited in 1950. 

P·roduction.-Only production before 1901 wa~ in 
1888-90, which totaled $5,239, of which $442 was in 
gold, $2,659 in silver, $1,786 in copper, and $352 in lead. 
Most of the production :from shaft. No production re
corded 1901-50. 

Ore body.-Bedded replacement deposit along con
tact of Freinont dolomite and Chaffee :for1nation. 

Wall raock.-Massive white dolomite marble of Fre
mont dolomite and shaly limestone of Chaffee for'Ila
tion. 

Orae minerals.-Cerussite, smithsonite, calamine, and 
malachite. 

Gangue minerals.-Limonite and quartz. 

FORT SCOTT 

Develop1nent.-Two adits (inaccessible when vif1ted 
in 1949) and several prospect cuts and pits. Exter~ of 
underground workings not known; most of dump 
washed down gulch. 

Praoduction and tenora.-Records of production be
fore 1901 incomplete, but mine reported to have shir11ed 
10 or 12 carloads of chiefly gold and silver ore. No 
production recorded 1901-50. 

Vein.-Probably northerly trending vein zone; not 
clearly exposed. 

W allraock.-Altered volcanic breccia. 
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Ore and sulfide mine1·als.-Pyrite (probably gold· 
bearing) and probably galena, but none seen on dump. 

Gangu.e.-Altered volcanic breccia and some quartz. 

HIAWATHA 

· Development.-Shaft (inaccessible when visited in 
1949) about 100 feet deep, and an estimated total of 
250 feet of level workings. 

Production.-No records available before 1901. No 
production recorded 1901-50. 

Vein . ....:._Trend N. 12° W., length 900 feet as traced on 
surface. 

Wall rock.-Altered Mount Princeton quartz mon
zonite. 

Ore and sulfide rninerals.-Pyrite and rare galena 
and sphalerite on dutnp. 

Gangu-e m,incr·al.-Quartz. 

IRON KING 

Development.-Adit, caved when visited in 1950. 
Production.-No production recorded 1901-50. Sev

eral carloads of iron ore and 2 tons of cuprite reported 
to have been shipped before 1910. 

Ore bodies.-Replacement deposits in limestones of 
the Belden shale along or near Morning Glim fault. 
The fault dips steeply eastward. The deposits are re
ported to range from 5 to 40 feet in thickness and to 
extend for several hundred yards. 

Wall rock.-Limestone, quartzite, and argillite of the 
Belden shale, and Silver Plume(~) granite. 

Ore and sulfide rnine,rals.-Magnetite, limonite, cu
prite, and pyrite. 

Gangue rninerals.-Quartz, calcite, epidote, chloritel 
amphibole, pyroxene, and garnet. 

ISABEL 

Developnwnt.-Adit, bearing N. 9° W. at portal. 
Caved when visited in 1950. 

P1·odu.ction.-No records before 1901. No production 
1901-50. 

Ore body.-Replacement deposit in Manitou dolo
mite in hanging wall of Star fault, which dips steeply 
eastward. 

Wall 1·ock.-Hanging wall of fault white to gray 
limestone and dolomite marble. Footwall is altered 
rhyolite body. 

Ore and sulfide minerals.-Cerussite and galena. 
Gangue minerals.-Quartz and limonite. 

LEGAL TENDER 

Development.-Adit bearing northeast at porta] 
(caved when visted in 1949), and several prospect cuts 
and pits. Estimated workings total about 1,500 feet. 

Prod1.wtion.-No records available before 1901. No 
production recorded 1901--50. 

Ore body.-Probably irregular replacement deposits 
in limestone; partly oxidized. 

Wall rock.-Chiefly silicified -limestone and volcanic 
breccia. 

Ore and sulfide minerals.-Pyrite, sphalerite, galena, 
cerussite, sn1ithsonite, anglesite, and sparse chalc'lpyrite 
and malachite. 

Gangu-e minerals.-Silicified limestone, quar4:z, and 
limonite. 

LEWISTON-PET 

Development.-Two shafts (inaccessible when visited 
in 1949) within 30 feet of each other, several :r=~ts and 
cuts, and an unknown but probably small amount of 
underground workings. 

P'l'oduction and terwr.-Record of productior before 
1901 incomplete, but it is reported that very hig\ grade 
ore was shipped in the eighties. In 1887 production of 
gold valued at $2,000 and silver at $500. No pro~luction 
recorded 1901-50. 

Veins.-At least two northeast-striking veins, prob· 
ably a minimum length of 500 feet for each. 

Wall rock.-Mount Princeton quartz tnonzonite. 
0 re and sulfide minerals.--Pyrite, sphalerite, chal

copyrite, and some tetrahedrite on dmnp. Free gold and 
silver reported. 

Oanque mineral.-Quartz. 

LILLY 

De·velop1nent.-Shaft (inaccessible when visited in 
1949) reported to be 200 feet deep. At depth of 150 feet 
drift extends north for 300 feet and south for 150 feet; 
at 200 feet, drift extends north for 40 feet and south for 
120 feet. 

Production and tenor.-Production to 1910 valued at 
$40,000. None recorded 1911-50. Ore was all tetra
hedritel which assayed as much as 200 ounces of silver 
per ton. 

Vein.-Strike about N.10°-15° E.; dip reported to be 
steep. Width 8 inches to 5 feet. 

Ore bodies.-On 150-foot level the ore extended nearly 
the length of drift toward the north, but only pyrite was 
found in the south drift. On 200-foot level, vein weakly 
n1ineralized in north drift, but no shipping ore. 

lVall 1•ock.-Mount Princeton quartz monzonite and 
Silver Plume ( ~) granite. 

0 re and S'ltlfide 'ltdnerals.-Tetrahedrite, gal~na, py
rite~ and chalcopyrite. 

Gangue 1ninerals.-Quartz and bttrite, the latter es
pecially common on the 200-foot level. 

MAGNA CHARTA TUNNEL 

Developm.A3'1Lt.-Adit bearing N. 35° W. at portal 
(caved when visited in 1949) reported to be abc~It 4,000 
feet long. 
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Production.-No ore shipped. 
Veins.-Cut several northerly trending veins. 
Wall rock.-Mount Princeton quartz Inonzonite. 
Minerals in vein.-Quartz, pyrite, and sparse galena, 

sphalerite, chalcopyrite, tetrahedrite, and calcite. 

MAID OF ERIN-SILVER PICK 

Developnwnt.-Shaft, caved when visited in 1950. 
Productlon.-No records available before 1901. Only 

production recorded from 1901 to 1950 was in 1916 when 
55 tons were produced and yielded 1 ounce of gold, 1,240 
ounces of silver, 277 pounds of copper, and 11,049 pounds 
of lead. 

Ore body.-Replacement deposit in Manitou dolomite, 
either at the contact with the overlying Harding quartz~ 
ite or with the underlying Sa watch quartzite. The mine 
is in a small fault block separated from the adjacent 
formations by two eastward-trending faults (pl. 5). 

lV all rock.-White to gray limestone and dolomite 
marble of the Manitou dolomite, and quartzite of the 
Harding quartzite and possibly Sawatch quartzite. 

Ore minerals.-No ore minerals on the dmnp; ore was 
probably oxidized. 

Gangue minerals.-Probably limonite and quartz. 

PRINCETON TUNNEL 

Development.-Adit bearing about N. 80° \V. at por~ 
• tal (caved when visited in 1949). Probably tot~llength 

about 1,500 feet. 
Prod1.wUon.-N o record available before 1901. No 

production recorded 1901-50. 
Vein.-Intersected eastern part of Ben Bolt vein. 

Width 1 foot. 
TV all rock.-Mount Princeton quartz 1nonzonite; 

hanging wall strongly argillized ( ~). 
Ore and sulfide 1ninerals.-Pyrite, galena, and coat~ 

ing of chalcocite on pyrite. 
Gangue mineral.-Quartz. 

SILVER CORD 

D evelop1nent.-Shaft reported 140 feet deep ( inac~ 
cessible when visited in 1949), and several prospect pits. 
Pr·od~wtion.-Before 1910, one carload of ore that 

averaged 85 ounces of silver per ton and 40 percent 
lead. No production recorded 1911-50. 

Vein.-Strikes about N. 10° W.; traced on surface 
for about 1,200 feet. Vein material on dump shows a 
local width of at least 10 inches. 

lV all rock.-Mount Princeton quartz monzonite. 
Ore and sulfide minerals.-Silver-bearing galena, 

pyrite, and scarce chalcopyrite. 
Gang1.te rninerals.-Quartz and barite. 

SILVER DOLLAR (ALICE) 

Development.-Adit bearing N. 60° W. at portF.I (in· 
accessible when visited in 1949). Little data available 
about workings, but reported to have intersected and 
drifted along the Ben Bolt vein. 

Production.-No records available before 1901. Only 
recorded production from 1901 to 1950 was in 1916 when 
98 tons of ore yielded 188 ounces of silver, 1,376 p')unds 
of copper, and 11,886 pounds of lead. 

Vein.-;Ben Bolt vein; where intersected by tunnel 
strikes N. 65° E. and dips 75° NW.; width 18 ir~hes; 
splits to southwest into two veins, 6 inches and 8 jnches 
wide, separated by 3 feet of quartz monzonite. 

TV all rock.-Mount Princeton quartz monzonite. 
Ore and sulfide 1111inerals.-Pyrite, galena, sphalerite, 

chalcopyrite, and some copper stain. 
Gangue mineral~-Quartz. 

MONARCH MINING DISTRICT 

CHIEF ECONOMIC AND GEOLOGIC FEATURE~ 

Most of the principal1nines in the Monarch district 
are situated on Monarch Ridge, about half a mile south 
of Monarch, and in an area north of Garfield extending 
from Taylor Gulch west to Columbus Gulch. Out
lying groups of mines are situated high up in Middle 
Fork and North Fork valleys, in Hoffman Parlr, and 
near the source of Cree Creek. Most of the mines in 
the district were caved at their entrance when visited, 
and of the seven mines that could be entered, n1ost- were 
only partly accessible. 

The district has produced silver, lead, zinc, gold, and 
copper, listed in order of probable value. Because a 
large part of the output was made before reliabh and 
fairly complete records were kept, it is possible that the 
total value of lead may exceed silver. The relatively 
small value of the zinc is accounted for in part ry the 
fact that there were no zinc smelters in Colorado d'lring 
the early, and greatest, period of activity. Acco:t"ding 
to Crawford (1913, p. 199), ores produced beforf. 1913 
from Monarch Ridge yielded chiefly lead, silver, gold, 
and zinc, with some copper in the Madonna and Eclipse 
mines; Taylor Gulch ores were copper, silver, gold, lead, 
and zinc; Columbus Gulch ores were silver, gol<J1, and 
lead; the mines of North Fork produced chiefly silver 
and lead ore. The ore produced since Crawford's fig
ures were compiled in 1913 has materially increased the 
total value of zinc, especially in the Monarch Ridge and 
Taylor Gulch areas where it probably ranks third, 
exceeded only by silver and lead. 

The ore deposits of the Monarch district consist of 
replacement deposits in limestone and dolomite, and of 
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veins. The replacement deposits have been overwhelm
ingly the most productive. They occur in bedded and 
irregular for1ns and along faults. The bedded and ir
regular replacement deposits occur locally in all of the 
formations that contain limy beds, but they are par
ticularly characteristic of the basal 50 feet of the 
Manitou dolomite, and in many places rest on granite. 

The largest ore bodies mined occur as replacements 
in liinestone or dolomite beds along faults, as those on 
the Madonna fault in the Madonna mine, and on the 
Mayflower fault in the Eclipse mine. In the Madonna 
mine smne ore occurs in pre-Cambrian rocks on the 
southwest side of the Madonna fault, but most of it is 
in sedimentary rocks on the northeast or downthrow 
side of the fault in shoots that dip northwest a little 
steeper than the enclosing beds and lie adjacent to the 
faults. According to Crawford {1913, p. 241), the 
n1ain ore body forms an irregular but practically con
tinuous shoot h:;tving a pitch length of about 1,900 feet 
and a vertical height of nearly 1,500 feet. Ore shoots 
in the Eclipse mine have the same northwest plunge 
as those in the Madonna, and the ore solutions probably 
migrated chiefly along the Mayflower fault and spread 
out along the dolomite beds where deposits were formed 
mostly in shoots near the granite-Manitou contact and 
just beneath the Harding quartzite. 

The bedded replacement deposits are especially well 
developed on the east sides of Taylor Gulch and Cree 
Creek valley, where they have been mined in the Gar
field, Lilly, and Clinton mines. The ore occurs chiefly 
in lower beds of the Manitou dolomite that dip steeply 
west. Many of the ore shoots plunge north. 

Most of the ore obtained from the replacement de
posits has be~n oxidized, although primary sulfide min
erals were reached at varying depths in all the deeper 
mines. The oxidized ore is typically brown, soft, porous 
limonite containing variable amounts of cerussite, cala
mine, smithsonite, and occasional patches or grains of 
galena. The common primary sulfides are pyrite, galena, 
sphalerite, and chalcopyrite. Pyrrhotite is present in 
part of the ore in the Garfield mine. 

Most of the veins in the Monarch district occur in 
the Mount Princeton quartz monzonite and the Belden 
and Minturn formations, although there are a few in 
sedimentary rocks older than the Belden, in crystalline 
rocks of pre-Cambrian age, and in Tertiary intrusive 
rocks other than the Mount Princeton quartz monzonite. 
Veins in the Belden shale and Minturn formation gen
erally strike north to northeast and commonly fill bed
ding faults that dip steeply west. Most of the veins 
in the Mount Princeton quartz monzonite strike north
east and dip steeply northwest. In length the veins 
range from a few feet to as much as 4,000 feet on the 

Columbus vein (pl. 1), and the thickness of tb~ more 
persistent veins ranges from 1 to 4 feet, although the 
Columbus vein is reported to range from 6 to 21') feet. 

The unoxidized parts of the veins consist chz,racter
istically of variable proportions of galena, sphalerite, 
and pyrite, and generally lesser amounts of chalcopy
rite, in a gangue of white vuggy quartz. Silver is pres
ent in nearly all the sulfide ores, and gold is present 
locally and in variable quantities. Oxidized vein mat
ter is typically brown, somewhat porous limonite or 
limonitic quartz, accompanied locally by cerussite, 
smithsonite, calamine, secondary copper stains, and 
patches or grains of galena. Oxidation is not nearly 
so pronounced or deep in the veins as in the replace
ment deposits. The veins in the sedimentary rocks are 
more deeply altered than those in the crystalline rocks; 
many are extensively oxidized to depths of several hun
dred feet, whereas most of the veins in the cry;::talline 
rocks contain fresh sulfides at or a few feet below the 
surface. 

Several ore deposits in the Monarch district are asso
ciated with minerals characteristically develo~ed by 
contact metomorphism. All these deposits are r~ar the 
head of Taylor Gulch or in Cree Creek valley, near a 
large body of Mount Princeton quartz monzonite which 
has irregularly metamorphosed the bordering sedimen
tary rocks to the southeast for as 1nuch as half a mile. 
Silver ore is reported to be associated with mf.gnetite " 
in the Mountain Chief mine, sphalerite is asfociated 
with diopside and andradite near the New York mine, 
and silver, copper, lead, and gold are associated with 
garnet in the Clinton mine. 

GARFIELD MINE 

The Garfield 1nine is on the east side of Taylo:-:- Gulch 
at an altitude of about 10,500 feet. The mine was 
probably first worked in the late eighties; it passed 
through various ownerships until acquired in 1f.35 by a 
group of men who organized a company known as The 
Garfield Mines, about 70 percent of the stock of which 
was held by S. E. and W. E. Burleson of Salida, Colo. 
The property consists of 17 patented claims and a mill 
site. 

No records were kept of the production befo""'e 1901, 
but it was probably not Inore than a few thousand tons. 
The total production 15 from 1901 to 1948 was 12,244 
tons of crude ore that yielded 1,468 ounces of gold, 106,-
239 ounces of silver, 372,220 pounds of copper, 579,-
624 pounds of lead, and 1, 737,933 pounds of ziP~~ The 
greatest annual production was in 1946. Zinc ore was 
first shipped in 1944. 

m Compiled by A. J. Martin, Statistics Branch, Economics Division, 
U. S. Bureau of Mines, Denver, Colo. Published by permissi.on of the 
owners. 
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The 1nine has been worked through two adits, spaced 
about 1,400 feet apart (pl. 1), which start in the Lead
ville limestone and bear east to the contact of the pre
Cainbrian granite and Manitou dolomite. The princi
pal ore bodies developed thus far are reached from 
the south adit level. The north adit, about 200 feet 
higher, has been driven nwre recently. It connects with 
a raise in the north end of the south adit workings. 
The geologic n1ap and section (pl. 10) show the work
ings of the south adit level. Raises and winzes con
nect with workings that are 1nostly less than a hundred 
:feet vertically from the main adit level. The north 
adit crosscut bears northeast for about 350 feet and 
then nearly east for about 525 feet to connect with a 
210-foot raise from the south adit workings. Frmn the 
head of the raise a drift has been driven for about 350 
feet, on an average bearing of N. 10° W., along or close 
to the contact of the granite and limestone. About 
midway along this drift, a raise of 70 feet was made to 
cut the upward extension of a northward-pitching ore 
body found in the drift. At a point in the drift about 
80 feet north of this raise, this ore body was being 
worked in an underhand stope when the mine was vis
ited in 1949. 

Both crosscut adits begin in steeply dipping beds of 
Leadville limestone and to the east successively cut the 
Chaffee, Fremont, Harding, and J\tfanitou formations. 
In the eastern part of the crosscuts the beds are over
turned and clip steeply east. Most of the limestone and 
dolomite has been 1netamorphosed to 1narble. Bedding 
slips with a fraction of an inch to 4 inches of gouge are 
common. There are few folds ; the 1nost prominent one 
is in the south adit about 220 feet west of the granite 
and limestone contact where the. beds have been dragged 
along a northwesterly trending fault. The contact of 
the Silver Phune ( ? ) granite and l\{anitou dolomite 
clips steeply, generally being overturned and dipping to 
the east; almost everywhere that it is exposed it shows 
some movement along the contact. 

The important ore bodies all occur in the Manitou 
dolmnite at or a few feet west of the granite. In the 
south level workings are three Inain ore shoots: ( 1) at 
the Old South winze, (2) at the Middle winze, and (3) 
at the Big winze (pl. 10). In the higher north adit 
workings, two small north-plunging shoots have so far 
been worked. All are replacement bodies that closely 
follow the bedding of the Manitou dolomite or the con
tact of granite and dolomite. The lengths and breadths 
of the main ore shoots are shown on the section, plate 10. 
The maximum thickness of the ore shoots is 12 feet, al
though some sulfide minerals are disseminated for a few 
feet beyond the ore. The ore is oxidized to a depth of 
about 325 feet below the surface, and generally oxidized 

ore is above the main level of the south adit and pr~mary 
ore is below it. 

The sulfides are chiefly pyrite, sphalerite, galena, chal
copyrite, and pyrrhotite. Pyrrhotite and pyrite were 
1nost abundant in the ore shoot developed throu~:h the 
Old South winze, and sphalerite was especially abun
dant in the lower part of the shoot developed through 
the Middle winze. The oxidized ore consists of cerus
site, residual grains of galena, copper carbonates, and 
some anglesite, calamine, and s1nithsonite. Free gold is 
probably contained in some pyrite and limonite. 

MADONNA MINE 

The Madonna mine is half a Inile south of Mo~arch 
on the steep northwest slope of Monarch Ridge. The 
property consists of 19 patented claims, 3 mill sites, 4 
unpatented claims, and part interest in 7 other pat
ented claims. It is owned by the Utze Lode Co., of 
which Harold R. Koster of Salida, Colo., is trer.surer 
and1nine 1nanager. 

The mine has had a long history. It was disccvered 
by surface indications high 011 Monarch Ridge about 
1878 by Messrs. Smith and Gray. They soon s':>ld it 
to a company that erected a small smelter at the foot 
of the ridge, but this enterprise failed because of the 
lac.k of siliceous ore needed to flux the basic ore of the 
Madonna and because of the high cost of coke. In 
1883 the mine was purchased by Anton Eilers and his 
associates. They were instrumental in getting the nar
row-gage railroad extended from Maysville to Mon
arch. The Madonna mine was the principal reason for 
the establishment in 1883 of the Colorado S1nelter at 
Pueblo, and for n1any years the Madonna mine sup
plied a large part of the ores treated there. Th~ Ma
donna mine was worked continuously from 1883 to 
1894, under the management of Eilers, by the Cohrado 
Smelting Co., which included the former operators. 
After 1895 the mine was worked intennittently by vari
ous lessees until the Utze Lode Co. acquired the prop
erty in 1945 from the Eiler family. In 1908 the mine 
was leased to the Monarch-Maclmma Mining Co., which 
started driving a lower tunnel, no. 6 level, which in 
1953 was the principal 1neans of access to the mine. 
From 1945 to 1953 the Utze Lode Co. did considerable 
exploratory work on and below the no. 6 level and pro
duced some ore. 

The Madonna mine has produced the second lr.rgest 
tonnage and value of ore of any mine in the quadrangle, 
being surpassed only by the Mary Murphy in the Chalk 
Creek district. The total value of the Madonna o:t'e has 
been about $6,000,000, of which lead accounts for about 
$3,575,000, silver $1,430,000, zinc $735,000, gold $225,000, 
and copper $35,000. These figures were obtained by 
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adding the values obtained by Crawford (1913, p. 239} 
for the period 1883-1901 to the value of the production 
recorded by the Bureau of Mines for the period 
1902-51. The production figures 22 for this latter pe
riod were kindly furnished by A.. J. Martin, Statistics 
Branch, Economics Division, Denver, and the values 
calculated by the authors. Production was greatest 
during the period 1883-94, when two-thirds of the total 
was produced. Most of the rest was obtained during 
the period 1902-20. In the past 30 years, somewhat less 
than 2,500 tons of crude ore has been mined. 

The mine workings, as of 1950, consist of seven adit 
levels, nun1bered 0 to 6, eight intermediate or sublevels, 
many raises and winzes, and at least 12,000 feet of 
drifts and crosscuts. The vertical distance from the 
zero, or surface, level to the lowest workings, the 384-
foot sublevel, is about 1,525 feet. The old mine work
ings from zero to the no. 5 level have been largely or 
entirely inaccessible for many years. Access to the 
n1ine and haulage of ore for the past 35 years have 
been chiefly through the no. 6 level, the portal.of which 
is only a short distance above the valley floor and is eas
ily reached. Plate 11 shows the outline of the main ore 
bodies and the mine workings, and the principal geo
logic features from the no. 6 level down to the 384-foot 
sublevel. To avoid confusion, most of the old workings 
above the no. 6 level are not shown on this map but 
they may be seen on plate XXI of the report by Craw
ford (1913). 

The mine workings are chiefly in dolomitic limestone 
of the Manitou and Fremont formations and in the 
Harding quartzite. Except where small erosional rem
nants of Sawatch quartzite are present, the Manitou 
rests unconformably on an undulating surface of the 
pre-Cambrian rocks, principally the Silver Plmue (?) 
granite. The rocks are folded and faulted on both a 
large and small scale; most, if not all, deformation 
occurred before the introduction of the ore-bearing 
solutions. The regional strike of the beds is northeast 
and the dip is 25°-50° NW. Drag along the Hawkeye, 
Madonna, and Mayflower faults formed local synclines 
and overturned beds, such as seen in the main drift and 
first crosscut on the no. 6 level. The main structure is 
the Madonna fault, which strikes northwest and dips 
steeply southwest, although locally the dip is northeast. 
The fault has a displacement of about 300 feet at a point 
southwest of the first crosscut on the no. 6 level. The 
displacement apparently decreases rather markedly to 
the southeast as indicated by the offset of the beds 
bordering the fault near the top of Madonna Ridge. 
Drill-hole records combined with surface and under
ground mapping indicate that the northeast-trending 

22 Published by permission of the owners. 

Hawkeye fault offsets the Madonna fault for a distance 
of about 200 feet as shown on plate 11. 

The ore shoots are contained in and border the Ma
donna fault, chiefly in limestone or dolomite of the 
northeast, or footwall, side of the fault. The few shoots 
that are in the hanging wall tend to follow striltifica-

. tion planes, but those in the footwall are in more broken 
ground and are irregular. The main mineralize-i body 
(pl. 11), which is almost a continuous ore shoot, has a 
pitch ·length of about 1,900 feet. It consists of several 
large shoots and many smaller ones. All shoots are 
irregular, and most plunge northwest at angles ranging 
from 25° to 48°, generally a little steeper than the dip 
of the beds. The largest shoot extends from no. 1 level 
to no. 3 level and is chiefly in the Fremont and Manitou 
formations, although part of the ore is in and bordering 
irregular patches of the Harding quartzite. On no. 3 
level this shoot was mined for a maximum breadth of 
80 feet and a stope length of 200 feet. Continu 'lus, or 
nearly continuous, shoots extend from the surface to 
no. 4 level, and from about 200 feet below no. 5 1 evel to 
about 200 feet below no. 6 level. The main shoot on 
no. 6 level ranged in breadth from 5 to 11 feet, a:n.d this 
same shoot 150 feet vertically below no. 6 level had a 
maximum breadth of 17 feet. Thicknesses vary greatly 
from place to place; the maximum is about 40 feet. 
From no. 1 level to no. 4 level the ore body lay about 
100 feet above the underlying granite. Below no. 4level 
it gradually approached the granite, which it reached at 
no. 6 level. Diamond drilling done intermittently dur
ing the past few years indicates a body of mineralized 
ground containing fresh pyrite, sphalerite, and sparse 
galena and chalcopyrite in the basal Manitou at its 
contact with granite. This body is about 250 feet north
west of sublevel 384 and lies about 125 to 225 feet lower. 
It is apparently close to the Madonna fault. 

Practically all of the ore mined to date has be~n oxi
dized. It grades from limonite, rich in ore minerals, 
to barren limonitic and iron-stained wall rock; locally 
the wall rock contains disseminated grains of galena. 
In places the contact of the ore with limonite is sl:tarper 
than the contact between limonite and unalterei waH 
rock. The principal ore minerals are cerussite, free 
gold, smithsonite, cala1nine, cerargyrite, argentite, 
residual grains of silver-bearing galena, and malachite. 
The gangue is chiefly limonite, locally accomparied by 
limestone, dolomite, and quartz. 

The tenor of the ore varied considerably but in gen
eral, according to Crawford (1913, p. 242), the ore of 
the main shoot from the surface to no. 3 level, was 
chiefly yellowish cerussite which carried 5 to 7 ounces 
of silver per ton, 25 to 30 percent lead, and mucl' iron; 
between levels 3 and 5 it was mostly brown limonite 
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which carried 5 to 7 ounces of silver per ton, 2 to 10 
percent lead, and, on part of the no. 5 level, a few 
hundredths of an ounce of gold per ton. From no. 5 
level to about 100 feet below no. 6 level, iron and lead 
remained fairly uniform while gold and silver in
creased steadily although irregularly. About 150 feet 
below no. 6 level the ore carried high values in silver 
and gold, some lead, and 10 to 25 percent excess silica. 
Locally, on the lower levels a high -grade streak of ore, 
1 to 6 inches wide, accompanied the lower-grade bodies. 
The streak consists of a brown variety of ore composed 
chiefly of small cerussite crystals in limonite, and a 
dark-brown to black, earthy or sooty, variety contain
ing 1nuch cerargyrite, small grains of argentite and 
pyrite, and small crystals of cerussite and quartz. A 
specimen of the first variety assayed (Crawford, 1913, 
p. 242) 10.40 ounces of gold and 756.40 ounces of silver 

. per ton, and 48.0 percent lead; the second variety 65.10 
ounces of gold and 5,97 4.90 ounces of silver per ton, and 
24.30 percent lead. 

Most of the zinc ore came from irregular bodies com
posed of smithsonite and calamine in a gangue of limo
nite that are below the no. 4 level and lie under and in 
contact with the silver and lead-bearing li1nonite. 
Some zinc ore, not mined in the early days, may remain 
in the higher levels, as indicated by material on the 
upper dumps. The principal copper shoot occurred 
below the 1nain silver-lead shoot from no. 4 level to 
about 50 feet below no. 5 level. It bottomed at the 
contact of the granite and limestone, although an arm 
of this irregular shoot extended about 300 feet hori
zontally from the main silver-lead shoot. The copper 
ore, chiefly 1nalachite in limonite, carried 11h to 12 per
cent copper, some silver and lead, and, locally, gold. 

Some additional work has been done in the Madonna 
1nine since 1950 when it was last examined for this re
port. The internal shaft on no. 6 level has been deep
ened to 600 feet. At a depth of 4 70 feet a crosscut has 
been driven northeast for about 185 feet, and at a depth 
of 590 feet a crosscut has been driven about 500 feet on 
a bearing of N. 59° W. No ore in commercial quanti
ties was cut, although a few pockets of fresh sulfide 
1ninerals, mostly pyrite with sparse sphalerite and 
chalcopyrite, and rare galena, were found. In April 
.1953, the date of this writing, work stopped in the mine 
and the lower levels were permitted to flood. 

OTHER MINES AND PROSPECTS 

ALASKA 

Development.-Main shaft (caved when visited in 
1950) in 1910 down 110 feet, and about 1,000 feet of 
drifts at 30, 60, and 100 feet below surface. 

Prodtuotion and tenor.-Records of production be-

fore 1901 incomplete, but most of production from 
1886 to 1888. In 1898 about one carload of ore shipped. 
A few tons ran $37 in gold and 14 ounces of silvf~r per 
ton, 18 percent lead, and 32 percent iron. Rec'lrded 
production from 1901 to 1948 totaled 412 tons of ore that 
yielded 43 ounces of gold, 1,050 ounces of silver, 1,335 
pounds of copper, 35,496 pounds of lead, and 51,485 
pounds of zinc. 

Ore bodies.-Replacement deposits in Manitou dolo
mite at or near contact with pre-Cambrian granite. 

Wall r>ook.-Dolomite, granite, and gouge material. 
Or>e and sulfide minerals.-Galena, cerussite, and 

limonite. 
Gangue minerals.-Limonite and some quartz and 

calcite. 
Ore shoots.-Main shaft sunk on east-trending streak 

of ore about 45 feet west of granite. Main shoot 10 to 
18 inches wide, extends 30 feet along north-tre~ding 
drift, and pitches about 20° N. 

ALPHA 

Development.-Aclit (caved when visited in 1950) 
bearing about N. 73° E. at portal. An estimated 175 to 
200 feet of underground workings. 

Produ.otion.-Records before 1901 incomplete, al
though a total of about 20 tons of silver-lead ore re
ported shipped from Alpha and Beta mines. No pro
duction recorded 1901-50. 

Or>e body.-Probably in a northerly-trending vein, 
although none exposed at surface. 

Wall rook.-Mostly quartzite of the Minturn f1rma
tion. 

Or>e and sulfide minerals.-None seen on dmnp; prob
ably chiefly silver-bearing galena. 

APRIL FOOL 

Development.-Gently inclined adit bearing about 
N. 40° W. (caved when visited in 1950). Small work
ings indicated by size of dump. 

Pr>oduotion.-Records before 1901 incomplete, but 
reported to have produced at least three carloads Jy~fore 
1890. No production recorded 1901-50. 

Or>e body.-Replacement body in Manitou dolomite 
at or near contact with Silver Plume ( ~) granite. 

Wall rook.-Limestone, dolomite, and granite . 
Ore and sulfide minerals.-Probably cerussite, f1Ilith

sonite, calamine, and galena in limonite. 
G.angue minerals.-Limonite and calcite. 

BEN HILL 

Development.-Shaft (inaccessible when visited in 
1950) in 1909 was 275 feet deep with drifts at 125, 175, 
and 225 feet below surface. Longest drift runs 125 feet 
north on 175-foot level. 
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Production and tenor.-Records before 1901 incom
plete, but reported ore value about $12,000; mostly 
shipped during the eighties. No production recorded 
1901-50. Average tenor of galena ore from 175-foot 
level was 85 ounces of silver per ton and 73 percent 
lead; carbonate ore in same shoot averaged 22 to 28 
ounces of silver per ton and 30 percent lead. 

Vein.-Ben Hill. Strike N. 15°-20° E., dip 50°-
650 W., length about 1,800 feet as tentatively projected, 
width 3 feet locally. Locally, postore bedding fault. 

lVall rock.-Quartzite, shale, and limestone of Bel
den shale. 

Ore and sulfide minerals.-Chiefly galena and cerus
site. 

Gangue rninerals.-Quartz and some limonite. 
Ore shoots.-Northward-pitching shoot extending 

from about 125-foot level to 175-foot level, and ore 
spotty down to 225-foot level. On 175-foot level shoot 
of galena 3 feet wide, bordered by lead carbonate. 

BETA 

Develop1nent.-Shaft (caved when visited in 1950) 
and an estimated 200 feet of underground workings. 

Prodtwtion.-Records before 1901 incomplete, al
though a total of about 20 tons of silver-lead ore re
ported shipped from Alpha and Beta mines. No pro
duction recorded 1901-50. 

V ein.-Probably a northerly trending vein; heavy 
talus in area and vein not exposed. 

Wall rock.-Mostly quartzite of the Minturn forma
tion. 

Ore and sulfide minerals.-None seen on dump; prob
ably chiefly silver-bearing galena. 

BLACK TIGER 

Develop1nent.-Adit bears about S. 35° W. at portal 
(caved when visited in 1950), and an estimated total 
underground workings of about 300 feet. 

Production.-Records before 1901 incomplete, al
though 8 or 10 carloads of lead-silver ore reported 
shipped in 1881. No production recorded 1901-50. 

Ore body.-Replacement deposit in Manitou dolomite 
a few feet above Silver Plume ( ~) granite. 

lVallrock.-Dolmnite. 
Ore and sulfide minerals.-Cerussite, galena, mala

chite, chrysocolla, and chalcopyrite ( ~). 
Gangue minerals.-Limonite and quartz. 

BONNIE BELLE 

Development.-Adit (caved when visited in 1950) 
bearing northwest and leading to a shaft 146 feet deep, 
in 1909. Extent of underground workings not known, 
but probably small. 

Production.-Records before 1901 incomplete, but 

some ore reported shipped in the eighties. No r:~oduc
tion recorded 1901-50. 

Vein.-Probably a northward extension of tl1~ Ben 
Hill vein. 

W allrock.-Quartzite, shale, and limestone of Belden 
shale. 

Ore and sulfide 1nine·rals.-Chiefly galena and cerus
site. 

Gangue 1ninerals.-Quartz and some limonite. 
Ore shoot.-Northward-plunging shoot 6 fee+ thick 

cut in shaft at 60-foot depth, extended down 40 to 50 
feet and had a stope length of 60 feet. 

BRIGHTON 

Development.-Shaft (inaccessible when visited in 
1950) reported to be 100 feet deep and to have 30-foot 
drif.t.s to north and south. 

Prod!uction and tenor.-About 100 tons of O'~e tha~ 
had a mill value of $40 per ton produced about 1881. 
No reports of any production since then. 

V ein.-Probably a northward extension or brr.nch oi 
the Columbus vein. 

Wall rock.-Mount Princeton quartz Inonzonite. 
Ore and sulfide minerals.-Pyrite, galena, sphalerite, 

and chalcopyrite. 
Gangue mineral.-Quartz. 

CLINTON 

Development.-Opened by three northeast-l":~aring 
adits and a shaft distributed on surface through Trertical 
range of 240 feet (fig. 8). All inaccessible when visited 
in 1950. Total underground workings estimatei to be 
about 2,000 feet. 

Production.-First opened in the early eighties and 
operated for a few years. Reopened and workei fron1 
1901 to 1904 when yielded chiefly silver, gold, copper, 
and lead valued at about $12,000. No record of pro
duction since 1904. 

Ore bodies.-Replace1nent bodies in the Manitou 
dolomite 6 to 8 feet from the pre-Cambrian grr.nite. 

W allrock.-Skarn, marble, dolomite, and limestone. 
Ore and sulfide 1ninerals.-Cerussite, gold (prob

ably in limonite), Inalachite, azurite, psilmnelane, and 
sparse calamine, pyrite, and chalcopyrite. 

Gangue minerals.-Skarn, limonite, quartz, and cal
cite. 

Ore shoots.-Northward-dipping shoots; cne ex
tended 300 feet vertically and attained a m~ ximum 
width of 8 feet. 

COLUMBUS 

Development.-Worked through several ad:.ts dis
tributed up Columbus Gulch through a vertical range 
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of about 500 feet. All underground workings inacces
sible when visited in 1950; from size of dumps, work
ings estimated to total at least 5,000 feet. 

Production.-Records before 1901 incomplete, al
though reported value of ores about $300,000 chiefly sil
ver and copper. From 1901 to 1950 only recorded pro
duction was in 1919 when 44 tons of ore yielded 1 ounce 
of gold, 641 ounces of silver, and 448 pounds of copper. 

V ein.-Strike N. 10° W. to N. 10° E., dip steep, 
length about 3,000 feet as traced on surface, width re
ported to be 6 to 20 feet but this probably includes al
tered country rock. Reportedly oxidized to depth of 
200feet. 

lV all rock.-Altered Mount Princeton quartz monzo
nite and metamorphosed beds of the Minturn, chiefly 
quartzite, argillite, and hornfels. 

Ore and sulfide 1ninerals.-Pyrite, sphalerite, azurite, 
malachite, argentite ( ~), some native copper and gold
bearing limonite. 

Gangue minerals.-Quartz and limonite. 

DARLING 

Develop11wnt.-A shaft estiinated to be about 150 feet 
deep, and southwest of it an adit bearing about N. 75° 
E. and estimated to be about 300 feet long (all under
ground workings inaccessible when visited in 1950). 

Prod?.tction.-No records available before 1901. From 
1901 to 1950 the only recorded production is 12 tons 
of ore in 1902 that yielded 26 ounces of silver and 1,214 
pounds of lead. 

Vein.-Not exposed at surface; probably a short and 
narrow northeast-trending vein. 

Wall rock.-Somewhat altered Mount Princeton 
quartz monzonite. 

Ore and sulfide minerals.-Silver-bearing galena and 
sparse pyrite. 

Gang~te mineral.-Quartz. 

D'BYRON 

Development.-Several pits and short adits, all badly 
caved when visited in 1950. Main adit bears about 
N. 12° E., and estimated total workings on it about 200 
feet. 

Production.-Records before 1901 incomplete; one 
carload of ore reported shipped in early days. No pro
duction recorded 1901-50. 

V eins.-Several short and narrow veins reported in 
area, although the only one exposed is a 10-inch wide 
vein at portal of main adit; it strikes N. 12° E., and is 
vertical. 

Wall rock.-Mount Aetna quartz monzonite por
phyry; chloritic and argillic ( ~) alteration extends 
about 6 feet on each side of vein. 

Mineralogy of veins.-Only pyrite and white vitr~ous 
quartz seen in vein and on dumps. No record of 1netallic 
content o:f ore. 

DELAWARE 

Development.-Gently inclined adit bearing a bout 
N. 35° W. (caved when visited in 1950), and an esti
mated total of about 750 feet o:f underground workings. 

Prod1.tction and tenor.-Records before 1901 in~om
plete. No production recorded 1901-50. Reported to 
have produced in "early days" about 600 tons of ore, 
which averaged about $20 a ton, with chief valu'3s in 
silver and lead. 

Ore body.-Replacement deposit in Manitou dolo
mite. 

Wall rock.-Limestone, dolomite, and granite. 
Ore and sulfide minerals.-Probably cerussite, galena, 

and sn1ithsonite, and rare gold in limonite. 
Gangue minerals.-Limonite and calcite. Manganese 

oxide reported at bottom of incline, but it carried no 
values. 

DESDEMONA 

Development.-Opened by adit (caved when viqited 
in 1950), bearing about N. 55° W., leading to shaft re
ported to be 118 feet deep in 1910, and lateral c1.rifts 
totaling 160 :feet. 

Production.-No records available before 1901, and 
no production recorded 1901-50. 

Vein.-Probably a southward extension o:f the Ben 
Hill vein. 

W allrock.-Quartzite, shale, and limestone of B8lden 
shale. 

Ore and sulfide minerals.-Chiefly galena and cerus
site. 

Gang·ue minerals.-Quartz and some limonite. 

ECLIPSE 

Develop1nent.-Worked through the discovery shaft 
(about 125 feet deep) and four main adits. ThE' ver
tical distance between the shaft and the portal of the 
lowest adit, no. 4, is about 900 :feet, and the horizontal 
distance is about 2,100 :feet The workings, vrhich 
probably total 8,000 to 10,000 :feet; have been largely 
or entirely inaccessible :for many years. 

Production and tenor.-Records of productio~1 be
fore 1901 incomplete. The recorded production frmn 
1901 to 1950 was obtained intermittently from H 02 to 
1926, when 4,925 tons o:f ore yielded 86 ounces of gold, 
6,577 ounces of silver, 17,510 pounds o:f copper, 2.£2,271 
. pounds of lead, and 2,002,367 pounds of zinc.17 It is 
stated that the net receipts :from 1887 to April 1911 
were $585,670, and that the greater part of the total 
output from this 1nine was produced before 188'7. The 

t7 Published by permission of the owners. 
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total value to 1950 is therefore about $1,000,000 to 
$1,250,000. Before 1893, the ore shipped. carried 25 to 
50 percent lead; later some ore only carried 5 percent. 
Silver averaged about 8 ounces per ton; the highest re· 
ported was 28 ounces per ton. 

Ore bodies.-Replacement deposits chiefly in the up· 
per and lower beds of the Manitou dolomite. 

Wall rock.-Dolomite, Silver Plume(~), and Hard· 
ing quartzite. 

Ore and sUlfide minerals.-Silver-bearing cerussite 
and galena, smithsonite, calamite, malachit~, a:r;td prob
ably rare sphalerite, pyrite, and chalcopyrite In lower 
workings. Gold probably in limonite. 

Gangue minerals.-Chiefly limonite and dolomitic 
wall rock. 

Ore shoots.-Two main and separate shoots; one in 
dolomite immediately below the Harding quartzite and 
the other in dolomite along its contact with granite. 
Both plun<Ye northwest about 30° to 45 ° and lie along 
and to th: northeast of the Mayflower fault. Pitch 
lengths : Upper shoot about 1,200 f~et; lower _shoot 
about 1,400 feet. Lower shoot attains a m~ximum 
breadth of 80 feet and thickness of 25 feet. Zinc and 
copper -accompany lead and silver in the lower shoot. 

EVENING STAR 

Developnwnt.-Shaft and at a lower elevation an adit 
that bears about S. 25° W. at portal (both inaccessible 
when visited in 1950). Estimated total workings 1,500 
feet. 

Production and tmwr.-Production records incom
plete before 1901, although about 600 tons of ore valued 
at $20 a ton reported. Only recorded production for 
1901-50 was in 1917 when 67 tons of ore yielded 3 
ounces of gold, 464 ounces of silver, 607 pounds of cop
per, and 19,432 pounds of lead. 

Ore body.-Replacement deposit in Manitou dolo
mite near contact with granite. Maximum breadth re
ported is 50 feet. 

Wall rock.-Limestone and dolomite of Manitou 
dolomite and Silver Plume ( ~) granite. 

Ore and sulfide minerals.-Galena, cerussite, smith
sonite, and some gold-bearing limonite. 

Gangu,e minerals.-Limonite and calcite. 

EXCHEQUER 

Development.-Shaft about 150 to 200 feet deep and 
adit bearing about N. 35° W. at portal (both inacces
sible when visited in 1950). 

Production.-A small tonnage, if any. 
Mineraliz-ed body.-Limonitic quartz, and iron

stained limestone and argillite in Belden shale. 

GOLDEN AGE 

Development.-Adit (caved when visited in 1950) 
bearing N. 35° W. at portal. In 1909 workings were 
550 feet of crosscut and a drift 40 feet long. Size of 
dump indicates little or no extension since ther. 

Production.-Records before 1901 incomplete, al
though reported that two carloads of ore shippPd. No 
production recorded 1901-50. 

Ore body.-About 3 feet wide in a shear zone; prob· 
ably quartz veinlets in mineralized country rojk. 

Wall rocks.-Altered Mount Princeton quartz mon· 
zonite. 

Ore and sulfide minerals.-Pyrite (probably· gold
bearing) and galena. 

Gangue minerals.-Quartz and altered quart ... mon
zonite. 

GULCH 

Development.-Two adits (inaccessible when visited 
in 1950) one bearing south and other S. 30° W. at 
portals. An estimated 150 feet of workings fro"'n each 
adit. 

Production.-Records before 1901 incomplete. Dur
ing period 1887-89 yielded gold and silver ore having 
a coinage value of $2,380 and $13,054, respectively. No 
production recorded 1901-50. 

Vein.-Attitude and dimensions could not be ol,~.ained 
in this area of heavy talus. 

Wall rock.-Probably chiefly quartz latite pornhyry. 
Ore and sulfide minerals.-Gold-bearing pyrite, 

silver-bearing galena, sphalerite, chalcopyrite, and some 
manganese oxide stain. 

Gangue minerals.-Quartz and wall rock. 

HAWKEYE 

Development.-Main adit (Hawkeye, or Hawkeye no. 
2) bears about S. 45° E., and about 200 feet lower and to 
the north, Hawkeye no. 3 adit bears about S. 50° E. 
Both adits caved at portals when visited in 1950. Un· 
derground workings total 6,000 to 8,000 feet and include 
drifts, crosscuts, inclines, and several raises and winzes. 

Production and tenor~-No records available of pro
duction before 1901. Production recorded from 1901 to 
1950 totals 7,532 tons of ore that yielded 127 ounces of 
gold, 34,798 ounces of silver, 2,019 pounds of copper, 
1,901,364 pounds of lead, and 274,688 pounds of zinc.18 

Mine last produced ore (601 tons) in 1944. In 1912 
tenor of ore was about $14 a ton, with values chiefly in 
lead and silver. 

Ore bodies.-Replacement d~posits in Manito,1 dolo
mite at or near contact with granite. 

ts Published by permission of the owners. 
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Wall rock. - Limestone, dolomite, and Silver 
Plume ( ~) granite. 

Ore and sulfide minerals.-Cerussite, galena, second
ary copper Ininerals, and silver- and gold-bearing lilno
nite. 

Gangue minerals. - Calcite, lirnonite, and some 
quartz. 

Ore shoots.-Plunge 25°-40° NW.; two shoots known 
to have been mined had pitch lengths of about 300 feet, 
maximmn breadths of 30 feet and 66 feet, and maximum 
thicknesses of 7 feet and 8 feet. 

HERCULES 

Develop1nent.-Adit (caved when visited in 1950) 
bearing about S. 75° E. at portal; estin1ated total under
ground workings about 750 feet. 

Production.-None reported or recorded. 
Yein.-No data available and no vein exposed in this 

vicinity, but probably a narrow and short northeast
trending vein; on dump maximum width of vein 
material is 6 inches. 

Wall rock.-Mmmt Princeton quartz monzonite. 
Ore and sulfide minerals.-Pyrite, sphalerite, galena, 

and sparse chalcopyrite and chalcocite. 
Gangue 1nineral.-Quartz. 

INDIANAPOLIS 

Develop1nent.-Adit about 100 feet long, and near 
portal a shallow winze ( adit filled with ice when visited 
in1950}. 

Production.-About a carload of ore reported shipped 
before 1901. No production recorded 1901-48, although 
some from here 1night have been included with that 
from the New York or Iron Duke mines. 

Vein.-Indianapolis: strike, about N. 45° E.; dip, 
moderate to steep to the northwest; length, about 500 
feet. Vein along bedding. 

Wall rock.-Iron-stained quartzite, argillite, and 
skarn of the Minturn formation. 

Ore and sulfide minerals.-Pyrite, sphalerite, galena, 
cerussite, and malachite. 

Gangue minerals.-Quartz, limonite, and skarn. 

INGERSOLL 

Development.-Shaft (caved when visited in 1950}_ 
and several prospect pits. Estimated total under
ground workings 400 feet. 

Production.-Records before 1901 incomplete, but 
one carload of ore reported shipped. No production 
recorded 1901-50. 

Ore body.-Replacement deposit in Ordovician rocks. 
Ore and sulfide ndnerals.-Galena and cerussite. 
Gangue ndnerals.-Limonite and calcite. 

Hmnatite prospect.-Prospect shaft (caved) in Fre
mont dolomite about 300 feet southeast of Ingersoll 
main shaft. On dun1p abundant specular hematite in 
plates as much as an eighth of an inch long and some 
limonite. Reported to be 40 feet thick; not exF osed 
at surface. No known production of iron. 

IRON DUKE 

Develop1nent.-Shaft (inaccessible when visitei in 
1950) with estimated underground workings of a bout 
150 feet, and several prospect pits. 

Production.-N o records before 1901. Recorded pro
duction from 1901 to 1948 included with that of New 
York mine. Total production probably small. 

Vein.-Iron Duke: strike, N. 10° E.; dip, 68° W.; 
length, about 500 feet as indicated on surface ; wid ~h, 8 
inches in the Neglected adit. Vein along bedding. 

Wall rock.-Quartzite and hornfels of the Minturn 
formation. 

Ore and sulfide minerals.-Malachite, chrysoeolla, 
galena, smithsonite, and cerussite ( ~) . 

Gangue 1ninerals.-Limonite, quartz, and wall 1·ock. 

JEWELL TUNNEL 

Development.-Adit bears N. 40° W. for 972 feet 
(inaccessible when visited in 1950). One short drift 
to north reported. Driven to cut New York and In
dianapolis veins at depth (about 700 feet below New 
York ad it) but reportedly did not reach them. 

Production.-N one. 
Veins.-N one other than narrow stringers reportedly 

cut. 
LAST CHANCE 

Developnwnt.-Small workings, entered by adit 
(caved when visited in 1950) bearing northweEt at 
portal. 

Production.-No records available before 1901. Re
corded production from 1901 to 1950 is 24 tons ore that 
yielded 939 ounces of silver and 5,341 pounds of lead. 
No production since 1912. 

Ore body.-No data available, and no vein exp')sed 
at surface. May be irregular lin1onitic replace1nent in 
li1nestone bed in Belden shale. 

Ore and sulfide 1ninerals.-Probably silver-bearing 
cerussite and some galena. 

Gangue 1nineral.-Limonite. 

LILLY 

Developrnent.-Opened through a shaft which was 
later reached by a crosscut adit. Adit is about 800 
feet southeast of shaft and about 350 feet lower; it 
bears S. 80° E. for about 300 feet to the granite and 
limestone contact and then north along or near this 
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contact :for at least 2,250 :feet. Four main levels are 
above and at least two levels, spaced 100 :feet apart ver
tically, are below the main crosscut adit. Most of mine 
workings inaccessible in 1950. An aerial tramway 
about 7,200 :feet long :formerly carried the ore to 
Garfield. 

Production and tenor.-During the period 1888-1900 
about 4,000 tons of ore was produced. The recorded 
production :from 1901 to 1949 is 10,418 tons of ore that 
yielded 351 ounces of gold, 92,905 ounces of silver, 
987,776 pounds of copper, 1,392,273 pounds of lead, and 
7,696 pounds of zinc.19 The gross value of all ore pro
duced is about $250,000. The largest yearly output 
was in 1909 when 1,832 tons of ore were produced, hav
ing a gross value of $26,121. Most of the ore averaged 
9 to 10 percent copper. 

Ore bodies.-Replacement deposits in the lower 50 
:feet of the Manitou dolomite. 

lV all rock.-Dolomite, quartzite, granite, and locally 
monzonite porphyry. 

Ore and sulfide minerals.-Silver-bearing cerussite 
and galena, crysocolla, chalcopyrite, pyrite, cuprite, 
smithsonite, calamine, sphalerite, and some gold, prob
ably in pyrite and limonite. Most of the pyrite is 
copper-bearing. 

Gangue minerals .-Chiefly limonite and dolomitic 
wall rock. 

Oh,anges in depth.-Fairly complete oxidation ex
tends 200 :feet below surface. 

Ore shoots.-At least 8 ore shoots cut on main adit 
level over a distance of 1,500 feet, and all plunge 20°-
500 N. Limonite streaks and limonitic dolomite gen
erally connect the individual shoots; one of the largest 
shoots measured about 100 feet in pitch length, 30 :feet 
in breadth, and a maximum of 10 :feet in thickness. The 
shoots are chiefly localized along premineral bedding 
slips, especially in the Manitou dolomite at or near its 
contact with erosional remnants of Sawatch quartzite 
1 to 6 :feet thick that rest on pre-Cambrian Silver 
Plume ( ? ) granite. 

LITTLE ORPHAN ANNIE 

Development.-Several prospect cuts and an adit (in
accessible when visited in 1950) bearing S. 10° W. at 
portal. Estimated 150 feet of underground workings. 

Production and tenor.-Small tonnage. A small 
shipment many years ago reportedly returned 4 7.6 
ounces of silver per ton and 24 percent lead. Only re
corded production from 1901 to 1950 was in 1908 when 
less than half a ton of ore was shipped. 

Vein.-Strike, N. 15°-20° W.; dip, steep to the west; 
length, traced 600 :feet on surface ; width, vein zone 
locally 3 to 4 :feet wide. 

19 Published by permission of the owners. 

Wall rock.-Altered Mount Pomeroy quart.z mon
zonite. 

Ore and sulfide minerals.-Pyrite, galena, sphalerite, 
and some chalcopyrite. 

Gangue minerals.-Quartz and wall rock. 

MACEDONIAN 

De·velopment.-Adit (inaccessible when visited in 
1950) bears N. 60° E. at portal. In 1910 had been driven 
about 1,300 :feet to a narrow pyrite vein. Shallow shaft 
about 1,350 :feet northeast of adit portal. 

Production.-Records before 1901 incomplete, al
though a small quantity of good-grade ore rr~ported 

"taken :from the shallow shaft. No production recorded 
1901-50. 

Vein.-At shaft, strike, N. 5° E.; dip, 75° vV.; length, 
about 500 feet as traced by poor exposures on Slirface; 
width, vein zone locally several feet. 

TV all rock.-Altered Mount Aetna quartz 1no:t1zonite 
porphyry. 

Ore and s'ltlfide 1ni,nerals.-Pyrite, galena, and an~-Yl~
site. 

Gangtte 1ninerals.-Quartz and wall rock. 

MAJOR 

Development.-Two shafts and an aclit bearing 
about N. 70° E. at portal (all inaccessible when 
visited in 1950), and an estimated 2,000 feet of under
ground workings. 

P1·oduction and tenor.-Records of production be
fore 1901 incomplete, although probably about 500 tons. 
Production :from 1901 to 1950 included with Sh~,mrock 
1nine and totals 329 tons ore that yielded 80 ounces of 
gold, 1,189 ounces of silver, 44,852 pounds of copper, 
and 60,499 pounds of lead. Early production a'Teraged 
$15 a ton net value. 

Ore bodies.-Replacmnent deposits in Manitou dolo
mite near a monzonitic dike. 

TVallrock.-Lilnestone and dolmnite. 
Ore 1niner·als.-Azurite, malachite, chry2ocolla, 

maleconite, cerussite, and gold-bearing lilnonite. 
Gang?.te n~inerals.-Li1nonite and calcite. 
Ore shoots.-One copper shoot reported to h~ about 

6 feet across. 
MARSHALL TUNNEL 

-Developnwnt.-Aclit bearing about S. 25° E. at por
tal (caved when visited in 1950), and an estimated total 
workings of about 1,000 :feet. Portal in Chaffee :forma
tion. 

Produ,ction.-None. 
1lfineralized bodies.-It is reported that only a ~ew 

very small and poorly mineralized bodies were C'It. On 
clump is some limonitic Manitou dolomite with veinlets 
of calcite and quartz, and rare streaks of cerussite ( ~). 

I 
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MASON 

Develop1nent.-Worked through two adits bearing 
about S. 80° W. at portals and a shaft inclined 50° S. 
10° W. (all entrances caved when visited in 1950). Esti
Inated total workings 750 feet. 

P,roduction and tenor.-Records of production before 
1901 incomplete. The only recorded production from 
1901 to 1950 was during 1909 and 1910 when a total of 
94 tons of ore yielded 2 ounces of gold, 1,516 ounces of 
silver, and 25,229 pounds of lead. Value of all ore re
ported to be about $75,000, and most of production in 
the eighties. 

Ore bodies.-Chiefly oxidized ore in pockets ranging 
from a few inches to several feet in width. Some ore 
bodies at the contact between sedhnentary rocks and 
volcanic breccia. 

Wall rock.-Volcanic breccia and 1netamorphosed 
Paleozoic rocks. 

Ore and sulfide ndnerals.-Cerussite, psilomelane, 
and some galena, pyrolusite, and gold. 

ll-angu,e.-Wall rock and limonite. 

MAVERICK TUNNEL 

De-velopnMnt.-Adit (caved when visited in 1950) 
bearing about N. 80° E. at portal. An estimated 1,500 
feet of workings. Adit in about 650 feet in 1910. 

Production.-No production recorded 1901-50. 
Vein.-Probably reached Beta vein about 300 feet 

below collar of Beta shaft. 
Ore and sulfide 1nlnerals.-Pyrite, some chrysocolla, 

and locally manganese oxide stain on vein matter on 
dump. 

Gangue mineral.-Quartz. 

MAY QUEEN 

Developn~ent.-Several short adits (all inaccessible 
when visited in 1950) along or near vein; total under
ground workings estimated at 400 feet. 

Produotion.-Small tonnage of ore reportedly 
shipped in the late seventies or early eighties. No pro
duction recorded 1901-50. 

llein.-Strike, N. 20°-25° E.; length, about 800 fp.et 
as traced on surface ; width, 12 inches. 

TV all rock.-Altered Mount Pomeroy quartz monzo
nite. 

Ore and sulfide 1ninerals.-Pyrite, sphalerite, and 
sparse galena and chalcopyrite. 

Gangue 1nineral.-Quartz. 

MICHIGAN GROUP 

Developnw·nt.-A group of patented claims north of 
the May Queen mine on which are several prospec~ cuts 

383972-57-7 

and pits and five main adits (all inaccessible when vis
ited in 1950) bearing north or northeast at port.als. 
About 150 to 300 feet of workings on each adit. 

Prodtwtion.-Records before 1901 incomplete, and no 
production recorded 1901-50. It is reported that the 
total production is about 200 tons of ore, mostly rom 
the northernmost workings, and probably before 1901. 

Veins.-At least four northerly trending veins, dip
ping steeply west. Widths, 2 to 20 inches of quartz, 
locally in altered zones 4 to 6 feet wide. Heavy talus 
covers most of veins. 

Wall rook.-Altered l\fount Pomeroy quartz monzo
nite. 

Ore and sulfide minerals.-Pyrite, sphalerite, galena, 
and some chalcopyrite. 

Gangue 1ninerals.-Quartz and some calcite. 

MISSOURI BOY 

Develop1nent.-Several shallow shafts and two adits 
on the Missouri Boy, Mockingbird, Independence, and 
Bay State claims. All workings inaccessible when 
visited in 1950. · 

Prodtwtion.-Records before 1901 incomplete, a)
though ore valued at about $3,000 reported fron1 shaft 
on Missouri Boy claim. Only recorded production 
from 1901 to 1950 came from adit on Independence 
claim and was 9 tons of ore that yielded 28 ouncef of 
gold, 13 ounces of silver, and 600 pounds of copper. 

Veins.-One or more north-northwest trending ve~us, 
probably no more than a foot wide. Vein matter pa1·tJy 
oxidized. 

TV all 1•ook.-Chiefly p1·e-Cambrian Silver Plume ( ~) 
granite. 

Ore and sulfide 1ninerals.-Chalcopyrite, galena, py
rite, Inalachite, calamine, and rare sphalerite. 

Gangue minerals.-Quartz and some limonite. 

MO:HAMMED 

Development.-One long and two short adits, and 
several prospect shafts. Main adit bears N. 70° E. (in
accessible when visited in 1950) about 700 feet to vein. 
Estimated total of 1,500 feet of underground workirgs. 

Prodttotion.-N one reported or .recorded, although 
probably a small tonnage taken out before 1901. 

Tl"ein.-Strike, N. 20°-35° W.; dip 75° NE.; length, 
about 1,500 feet as traced on surface; width, vein znne 
about 5 feet. 

W allrook.-Silicifi.ed and argillized quartz latite r.nd 
Mount Aetna quartz monzonite porphyries. 

OJ'e and sulfide ndnerals.-Pyrite, galena, and sphal
erite. 

Gangue minerals.-Quartz and wall rock. 
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MONARCH CONTACT 

De-velopment.-Shaft about 60 feet deep and an adit 
bearing N. 37° W. In 1912, aclit extended 117 feet to 
Lake fault, thence north along fault about 600 feet; 
additional workings frmn adit total about 200 feet. 
Portal caved and ahnost obliterated by highway when 
visited in 1950. 

Production mnd teno-r.-No production. Assays of 
three samples yielded, respectively, 0.18, 0.10, and 0.08 
ounce of gold per ton, 173.50, 9.60, and 173.50 ounces 
of silver per ton, and14.10, 0.40, and 0.20 percent lead; 
not assayed for zinc. 

Ore bodies.-Small patches in fractured wall rock 
and thin seams in Manitou 1narble and Silver Plun1e ( ~) 
granite along Lake fault. Pyrite in gouge. 

Ore and sulfide 1ninerals.-Pyrite, galena, and sphal
erite. 

_Gang'lte.-Fault rubble. 

MOOSE 

Development.-Several prospects and two short adits 
bearing southwest (inaccessible when visited in 1950); 
estimated total workings 400 feet. 

Production and teno-r.-Records of production be
fore 1901 incomplete, although it is reported that 3 car
loads of ore shipped in the eighties netted $165 per ton. 
The only recorded production from 1901 to 1950 was 
during period 1909-13 when 14 tons of ore yielded 16 
ounces of gold, 859 ounces of silver, and1,141 pounds 
of lead. 

V eins.-Several northerly trending veins reportedly 
cut in workings ; 1nain vein is vertical, strikes north, 
and is 4 feet wide. 

Wall t•ock.-Mount Aetna quartz monzonite por· 
phyry and quartz latite porphyry. 

01·e and su-lfide minerals.-Gold-bearing pyrite and 
silver-bearing galena. 

Gangtte mine1·als.- Banded and vitreous quartz, and 
rare calcite. 

MOSS FLOWER (HALF MOON) 

Develop1nent.-Entered by an adit bearing about N. 
30° E. at portal (inaccessible when visited in 1950), 
with an estimated 500 to 750 feet of underground 
workings. 

Prod'ttef-ion.-No records available before 1901. 
Only recorded production from 1901 to 1950 was in1917 
when 90 tons of ore yielded 2 ounees of gold, 328 ounees 
of silver, 20,000 pounds of lead, and 34,000 pounds of 
z1ne. 

rein.--Probably a northeast-trending, steeply dip
ping vein parallel to bedding of Minturn formation. 

lVall roch.·.-Probably chiefly quartzite, 

Ore and s·ulfide m.ineral.s.-Pyrite, sphalerite, silver
bearing galena, and sparse chalcopyrite. 

Gmngue 1niner·al.-Quartz. 

MOUNTAIN CHIEF 

Developnunt.-Aclit bearing about north at portal, a 
shaft, and several surfaee euts. All underground work
ings inaecessible when visited in 1950, but estimated to 
total about 500 feet. 

Production and tenoJ'.-Records of production before 
1901 incmnplete, and no produetion recorded 1901-50. 
Reported to have yielded in early days some very high 
grade ore. ..A..t a somewhat later ti1ne it is repor"';ed that 
20 tons of ore had a gross value of $10,600. 

Ore bodies.-Replace1nent deposits in Leadville 
limestone. 

W all1·och.~.-Marble. 
Ore and sulfide mine1·als.-Probably chiefly silver

bearing galena and cerussite. 
0 re shoots.-1\fain shoot in a pocket mostly within 

70 feet of surfaee; thickness ranged from a fe-vr inches 
to 3 feet. 

NEGLECTED 

Development.-Several hundred feet of digging and 
shallow shafts along vein, and a lower aclit on the Iron 
Duke elaim bearing about N. 70° W. was being driven 
in 1950 and was in about 98 feet. Adit cut Iron Duke 
vein at 32 feet frmn portal. 

Pr·oduct-ion.-No reeords available before 1P01, and 
no production recorded 1901--48. Probably produeed 
small tonnage of hand-sorted ore. 

Vein.-Neglected: strike, N. 5°-20° E.; clip, 55°-70° 
W.; width, 1 to 3 feet; length, about 500 feet as traced 
on surface. Vein along bedding slip, and some post
vein 1novement. 

Wall 1'ock.-Graphitic shale, hornfels, and quartzite 
of Minturn formation. Locally vein bordered by a few 
inches of gouge. 

Ore and sulfide minerals.-Pyrite, sphalerite, galena, 
malaehite. chrysoeolla, and sparse chalcopyrite. 

Gang1.te 1ninerals.-Quartz, wall rock, anc1 sparse 
limonite. 

NEW YORK 

Development.-Main adit opens on New York no. 2 
claim and bears N. 39° vV. for a reported dist,ance of 
1,105 feet ( eavecl at 1,005 feet when visited in 1950). 
At 215 feet frmn portal, drifts on Iron vein 110 feet 
northeast and 100 feet southwest; at 358 feet, drifts on 
New York vein 63 feet northeast and about 410 feet 
southwest to where it pinehes. A little beyond cave-in 
(1,005 feet) Indianapolis vein reported eut in an up-
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raise where it was faulted, although a crosscut to the 
west cut only a weakly mineralized zone at the pro
jected position of this vein. New York vein stoped 
upward about 150 feet and for a length of about 340 
feet. Iron vein stoped a distance of 130 feet. An 
aerial tramway formerly connected with tramway at 
Lilly mine. 

Production and tenor.-No records available of pro
duction before 1901, which was probably small. Re
corded production 20 from 1901 to 1948, including some 
ore from the Iron Duke mine, is 2,000 tons of ore that 
yielded 41 ounces of gold, 60,840 ounces of silver, 105,334 
pounds of copper, 570,402 pounds of lead, and 224,464 
pounds of zinc. Ore from the Iron vein was chiefly 
low-grade zinc. From 1911 to 1914 most of the ore 
frmn the New York vein had a net value of about $35 
per ton. No production since 1937. 

Veins.-Veins are along bedding. Chief vein is the 
New York: strike, N. 35°-67° E.; dip, 58°-73° NW.; 
width, a few inches to 7 feet; length, about 500 feet as 
exposed in mine. Iron vein: strike, N. 33 ° E. ; dip, 
55°-60° NW.; length, 210 feet as exposed in mine. 

Wall rock.-Iron-stained quartzite, argillite, and 
skarn of the Belden shale. 

Ore and sulfide 1ninerals.-Chiefly galena, sphalerite, 
pyrite, cerussite, and malachite; some smithsonite, cal
amine, azurite, tenorite, and gold (probably in limonite 
and pyrite) . 

Gang1.te 1ninerals.-Lin1onite, skarn, quartz, and 
calcite. 

PAGE 

Developn~ent.-Adit (inaccessible when visited in 
1950) bears about N. 50° W. at portal. In 1909, adit in 
1,300 feet and about 500 feet of drifts on Ben Hill vein. 

Production.-N one known. 
V ein.-Cut Ben Hill vein about 350 feet below collar 

of Ben Hill shaft. 
Wall rock.-Brecciated lin1estone of Belden shale. 
Sulfide mineral.-Probably a few scattered grains of 

galena. 
Gangue 1111ineral.-Quartz. 

PAYMASTER 

Development.-Adit bearing about S. 50° E. at por
tal tinaccessible when visited in 1950). Extent of 
underground workings not known, but probably totals 
at least 500 feet. 

Production.-No records available before 1901. From 
1901 to 1950 only recorded production was in 1926 and 
1927 when 116 tons of ore yielded 502 ounces of silver, 
50,339 pounds of lead, and 58,668 pounds of zinc. 

20 Published by permission of the owners. 

383972 -57-8 

Ore bodies.-Replacement deposits in Ordovician 
rocks. 

lV all rock.-Limestone and dolomite. 
Ore and sulfide mine1•als.-Cerussite, smithsonite, 

calamine, and some galena. 
Gangue minerals.-Calcite, limonite, and some qur.rtz. 

PRIDE OF THE WEST 

Developrnent.-Adit 1,.150 feet long bears N. 69c W. 
A drift 650 feet from the portal extends north and south 
from the adit and has a total length of 125 feet. The 
south extension has a small amount of stoping. 

Production.-Only record of production was in 1911 
when a trial shipment of concentrates from the c1.rift 
yielded 36.9 ounces of silver per ton, 47.1 percent l~ad, 
26.5 percent zinc, and 17.7 percent iron. 

V eins.-Many west-dipping veins were interse~ted 
by the adit ; most are less than 4 inches wide and are 
poorly mineralized where exposed. The vein in the 
drift is 2 feet wide where cut by the adit but narrows 
to 3 inches at the north face of the drift and to 1 inch 
at the south .face. The combined lead-zinc content of 
the part of the vein exposed in the stope is estimatei to 
be 3 percent. 

Wall rock.-Mount Pomeroy quartz monzonite. 
Ore and sulfide minerals.-Pyrite, silver-bearing 

galena, and sphalerite. 
Gangue minerals.-Quartz and sparse calcite. 

RAINBOW-EAGLE BIRD 

Develop1nent.-Worked through two adits bearing 
northeast and two shafts (all inaccessible when visited 
in 1950). Total of underground workings estimatei to 
be 1~500 feet. 

Production.-Records before 1901 incomplete, al
though value of ore reported to be about $16,000. The 
only recorded production from 1901 to 1948 was in 1918 
when 7 tons of ore yielded 5 ounces of gold, 529 ounces 
of silver, 99 pounds of copper, and 2,064 pounds of ]~ad. 

Ore body.-Bedded replacement deposit, locally 18 to 
24 inches thick, in Fremont dolomite. 

lV all rock.-Limonitic dolomite marble. 
Ore and sulfide minerals.-Galena, silver-beadng 

manganese oxides, chiefly psilomelane, gold-beadng 
limonite, and some malachite ( ~). 

Gangue minerals.-Limonitic marble and some 
quartz. 

SHAMROQK 

Development.-Shaft and an adit 900 feet long b~ar
ing about N. 82° E. (all inaccessible when visited in 
1950) , and several drifts, raises, and winzes. 

Production and tenor.-Records of production before 
1901 incomplete, although probably produced about 500 
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tons. See Major mine for production from 1901 to 
1950, for it is included with this mine. One carload of 
ore carried 1.58 ounces of gold and a few ounces of 
silver to the ton. No production since 1922. 

Ore bodies.-Mostly in pockets in the Harding quartz
ite near a monzonitic dike. 

Ore 1nineTals.-Azurite, malachite, chrysocolla, 
melaconite, cerussite, and gold-bearing limonite. 

Gangue minerals .-Quartzite, limonite, and calcite. 

SILENT FRIEND 

Development.-Entered through four adits distrib
uted over a vertical distance of about 400 feet (pl. 1). 
Mine workings have been inaccessible for many years 
and no mine n1aps available. Workings total many 
thousands of feet. On the lowest, or no. 4, level a winze 
at least 140 feet deep has been sunk. 

Production and tenor.-Most of the output was before 
1901, for which no records are available. The only re
corded production from 1901 to 1950 was during the 
period 1909-16 when 564 tons of ore yielded 5 ounces 
of gold, 1,500 ounces of silver, 337 pounds of copper, 
109 808 pounds of lead, and 128,947 pounds of zinc. It 
is e~timated that the gross value of all ore produced is 
about $250,000. Some ore in the main shoot ran 20 
ounces of silver to the ton and about 70 percent lead. 

Ore bod-ies.-Replacement deposits chiefly in the 
lower 60 feet of the Manitou dolomite. 

Wall rock.-Dolomite and granite. 
01•e and gulfide minerals.-Chiefly galena, cerussite, 

and smithsonite ; some anglesite, calamine, and Inala
chite, and probably a little free gold in limonite. 

Gangue minerals.-Limonite and wall rock. 
Ore shoots.-Main shoot followed a somewhat spiral 

course in lower 60 feet of Manitou dolomite and aver
aged a plunge of about 45° N. 35° W.; pitch length, 
1,000 feet; n1aximum breadth, 50 feet; thickness, aver
aged about 10 feet. 

SONG BIRD 

Develop1nent.-Two adits bearing about S. 20° W. at 
portals (caved when visited in 1950) and many prospect 
cuts. Estimated several hundred feet of underground 
workings in each adit. 

Production and tenor.-Records of production before 
1901 incomplete, although reportedly some rich silver 
ore mined as early as 1878. No production recorded 
1901-50. 

Ore bodies.-Probably in shoots in short and narrow 
veins in Fre~nont dolon1ite. 

Wall rock.-Dump material mostly marble and skarn. 
Ore and s1.tljide rninerals.-Not known for certain; 

probably chiefly silver-bearing galena and cerussite. 

STEMWINDER 

Development.-Two adits (caved when visited in 
1950) bearing northwest. An estimated 300 feet of 
workings in each. 

Production.-Records before 1901 incomplEte, al
though about a carload of ore reported shippei. No 
production recorded 1901-50. 

Ore bodies.-Near the surface in pockets or narrow 
veins in upper part of Belden shale. 

Ore and sulfide minerals.-Galena, cerussite, and rare 
anglesite. 

Gang1.te minerals.-Limonite and quartz. 

THIRTY-SIX-THIRTY 

Development.-Shaft (caved at collar when visited 
in 1950) and several prospect pits and shallow shaft.c:;. 
Estimated total underground workings about 301 feet. 

Production.-Records before 1901 incomph:te, but 
some ore reported shipped. No production recorded 
1901-50. 

Ore body.-Replacement deposit of unknown dimen
sions. 

Wall rock.-Manitou dolomite. 
Ore and BUlfide tn,inerals.-Probably chiefly silver

bearing galena and some cerussite. 
Gangue minerals.-Limonite and dolomite. 

TOM CAT 

Development-An adit bearing S. 67° E., shwted in 
1910, and several small prospects. Adit portal caved 
when visited in 1951. Total mine workings probably 
not more than 1,000 feet. 

Production.-No records available before 1911. No 
production recorded 1901-50. About 500 pounds of 
ore piled near portal contains an estimated 30 percent 
lead. 

Ve·ins.-Probably followed narrow quartz vein south
east to its junction with the northerly trending vein 
prospected 600 feet east of portal, as shown on plate 1. 

Wall roclc.-Andesite which has been argillized, seri, 
citized, and silicified. 

Ore and sulfide minerals.-Chiefly pyrite and galena; 
some anglesite, cerussite, malachite, and azurite. 

Gangue 'lninerals.-Chiefly quartz; some calcite, li~ 
monite, epidote, and stringers of gypsum. 

TWEED 

Development.-An. upper adit bearing N. 30° E. at 
portal and, to the south and about 75 feet lower, another 
adit bearing about N. 35° W. at portal (both inacces
sible when visited in 1950), and several pits and short 
adits. Estiinated underground workings total 2,500 
feet. 
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Prod'U(}tion ana tenor.-No records available of pro
duction before 1901, and none recorded 1901-50. Very 
thin seams of high -grade gold ore reportedly found in 
prospects along Middle Fork Creek. 

V ein8.-Main workings cut one or more veins; none 
exposed at surface. On dump some vein material 5 
inches thick. 

Wall rock.-Mount Princeton quartz monzonite. 
01·e and sulfide 1ninerals.-Pyrite (copper-bearing), 

sphalerite, and galena on dmnp. 
Gangue 1n'inerals.-Quartz and sparse calcite. 

UNCLE SAM (CYCLONE CREEK AREA) 

Developnwnt.-Adit, bearing N. 28° E. at portal. 
Caved when visited in 1951. 

Prod'ltction.-No records available before 1901. No 
production recorded 1901-50. 

V ein.-N o vein exposed at surface. Reported in 1910 
that adit followed a narrow quartz vein. 

lV all1·ock.-Adit started on or near contact of Mount 
Pon1eroy quartz 1nonzonite and andesite. 

01•e and sulfide 1ninerals.-Pyrite, sphalerite, galena, 
and chalcopyrite. 

Gang'lte m,i!Jw'l·als.-Quartz, and son1e calcite, and 
silicified Mount Pomeroy quartz monzonite and ande
site. 

UNCLE SAM (HOFFMAN :PARK AREA) 

Developnwnt.-Adit enters near contact of Mount 
Princeton and Mount Aetna formations on bearing of 
N. 52° W. (caved about 150 feet :from portal when 
visited in 1950) ; estin1ated 400 feet of workings. To 
the northwest and about 75 :feet higher is a caved shaft. 

Production.-Some ore reported shipped before 1901. 
No production recorded 1901-50. 

Vein.-Strike, N. 42° E.; dip, 80° NW.; width, in
cluding altered rock, is 6 feet; length, about 400 :feet as 
traced on surface. 

Wall 'l'ock.-Altered Mount Aetna quartz monzonite 
porphyry. 

0Te and sulfide 1ninerals.-Chiefly chalcopyrite, 
sphalerite, and pyrite; son1e malachite and chal
cocite(?). 

Gangu.e 1nineral.-Quartz. 

CHALK CREEK MINING DISTRICT 

CHIEF ECONOMIC AND GEOLOGIC FEATURES 

The Inines and prospects of the Chalk Creek district 
are distributed chiefly in three areas: (1) Browns 
Creek area in the east (pl. 1), (2) Baldwin Gulch area, 
31f2 miles southeast of St. Elmo, and ( 3) the largest 
and most important, a belt lf2 n1ile to 2 miles wide 
and about 10 miles long that extends :from the Conti-

nental Divide northeast across Chrysolite Mountain to 
the northeast corner of the quadrangle. Only a few of 
the mines were accessible in 1951, and a large part of 
even such extensive workings as the Mary Murphy 
group of 1nines could not be entered during the course 
of this investigation. The ores of the district contain 
gold, lead, zinc, silver, and a little copper. Lead and 
zinc values are nearly equal, and their total exceed? the 
value of gold. The Mary Murphy mine has yielded at 
least 75 percent of the total output from the dist-rict. 

Most of the ore was mined :from pyritic quartz TTeins 
in the Mount Princeton quartz monzonite, although 
veins in other rocks have been productive. The veins 
generally strike northeast and dip steeply. They r".nge 
:frmn mere stringers a :fraction of an inch thick and less 
than 50 feet long to lodes 50 feet thick and more than 
a mile long, although most are separate veins 1 to 3 
:feet thick. Galena and sphalerite occur in variable 
amounts in the pyritic quartz, chiefly in streaks 1 to 12 
inches wide. Some chalcopyrite generally accompanies 
pyrite. The gangue is chiefly white vuggy quartz, 
although calcite, rhodonite, rhodochrosite, barite, and 
fluorite oecur locally. 

Strongly oxidized ore and vein matter are lar;sely 
confined to the veins on the west slope of Chryrolite 
Mountain, where complete or nearly complete oxidation 
extends to a depth of about 400 feet, and partial o;rida
tion to about 900 feet. Elsewhere, veins expose.d in 
shallow prospect pits show little or no alteration of 
the sulfides. As in the Monarch district, the dP~per 
oxidized zones are above the height of glaciation. The 
oxidized ore is typically brown, porous limonite or 
limonitic quartz with variable amounts of ceru~site, 
calamine, smithsonite, and patches or grains of galena. 
Free gold reportedly occurs in much of the ore. 

.ALLIE BELLE MINE 

The Allie Belle mine is about a mile south of th'3 old 
town of Ron1ley and about 300 feet east of the road be
tween Romley and Hancock. No information was 
available on the history or production of the mina. be
fore 1900. Production from 1901 to 1950 was 381 tons, 
which yielded 26 ounces of g.old, 11,723 ounces of silver, 
591 pounds of copper, 17,183 pounds of lead, anc1 320 
pounds of zinc. 

The Inine was worked through two adits of which 
only the lower was accessible when visited in 1950. 
Old records show that the upper adit, which is 350 :feet 
S. 64° E. :from the lower adit, was driven N. 55° E. 
along a vein :for about 750 feet. In 1950 about 2,000 
feet of the lower adit level was accessible (fig. 6). 

The country rock is Mount Princeton quartz Inon
zonite. Locally the lower adit workings cut dark fine-
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FIGURJD 6.-Geologic map of the lower tunnel of the A111e Belle mine, Chalk Creek mining district. 
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grained porphyritic bodies believed to be cogn~te in
clusions in the Mount Princeton quartz monzonite. 

The vein is exposed at the caved portal of the upper 
adit and in the lower adit workings. It strikes N. 
45°-55° E. and dips 50°-60° N. It consists of 3 to 6 feet 
of highly brecciated and altered country rock cut by 
many quartz stringers 1 inch to 2 feet in width and 
gouge seams 1 inch to 1 foot in width. The vein has 
been faulted at its north and south ends on the lower 
adit level (fig. 6) . As indicated by the drag, the vein 
should have been faulted southeasterly at both ends. 
The extension of the vein at the south end has not been 
found, and the vein found northwest of the north fault 
is believed to be another vein and not the faulted exten
sion o:f the 1nain vein. 

Pyrite, galena, sphalerite, and chalcopyrite, in this 
order of abundance, occur in the quartz stringers. Py
rite in fine grains is also disseminated :for 6 inches to 1 
:foot in the adjacent wall rocks. Galena occurs in 
stringers or irregular masses, and associated with it is 
a small amount o:f brown to black sphalerite and a :few 
fine grains o:f chalcopyrite. Quartz is the only gangue 
mineral. At the edges o:f the vein it is in fine-grained 
gray bands and contains fine-grained disseminated py
rite. In the center of the vein the quartz is medium 
grained, white, and vuggy and contains galena, sphal
erite, and chalcopyrite. 

Locally the vein was wide enough and rich enough to 
be stoped. In the lower adit, the stopes range :from 
10 to 70 feet in length and :from 2 to 6 feet in width. 
The heights could not be determined for the stopes were 
caved or backfilled. 

The country rock is altered for 4 to 10 feet on either 
side o:f the vein. Along the quartz veins, the country 
rock is silicified and pyritized for 1 inch to 1 foot. Be
yond the silicified zone, the rock is altered to sericite 
and hydromica, with decreasing intensity the greater 
the distance from the vein. 

CALIFORNIA MINE 

The California mine is on the north side of Browns 
Creek valley near the east border o:f the quadrangle at 
an altitude o:f 12,500 feet. The mine may be reached 
by a trailS miles long that starts in the Arkansas River 
valley and goes up Browns Creek, or by another trail 
7 miles long extending :from Alpine up Baldwin Gulch 
and over the ridge into Browns Creek (pl. 1) . 

The California property consists of three claims : the 
California, Utah, and White Rock Extension, owned 
by George G. Furman o:f Farmington, N. Mex. The 
mine was developed as a molybdenum mine, and a few 
sacks of ore were shipped during World War I. There 
is no recorded production since then, and the mine has 
been idle for many years. 

The mine was inaccessible when visited in 1951 but 
has been described by Worcester ( 1919, p. 35) : 

All the development work, with the exception of some sh11Iow 
surface cuts and location shafts, has been done on the Califor
nia claim. In the summer of 1917 the workings consiste"\ of : 
an open cut with a 50-foot drift on the vein; an inclined shaft 
50 feet deep, near the open cut, but apparently not on the vein ; 
a crosscut tunnel, that was started 50 feet vertically below the 
open cut and was run 98 feet to the vein ; and drifts fron' this 
tunnel, one 30 feet westerly on the vein and another 12C feet 
to the east. Small stopes, only 2 or 3 feet above the normal 
roof of the tunnel, have been run for 75 feet, on the east drift. 
Mr. W. B. Lowry repol'ted in June 1918 that since July 1917 
the drift has been continued on to the east 15 feet to a fault, 
and 130 feet beyond, where the· vein was recovered. 

All the ·workings start in Mount Pomeroy quartz 
1nonzonite but the description by Worcester sug:;ests 
that part of the workings should extend into the Fmall 
body of Mount Antero granite northeast of the nine. 
The material on the dump is Mount Pomeroy quartz 
monzonite and vein material. 

Where the California vein crops out a few feet north
east of the shaft, it is 2 feet wide, strikes N. 55 ° E.~ and 
dips 80°-90° W. The vein cannot be followed for more 
than a few feet on account of the heavy talus. Worces
ter (1919, p. 36) states that the vein, as disclosed in the 
1nine, ranges from 11h to 3 feet in thickness and the 
average dip is 80° N. 

The California mine contains the most varied min
eral assen1blage of any of the quartz-beryl-pyrite type 
veins. Vein material on the dump consists most]'7 of 
white fine- to coarse-grained quartz and varying and 
much' smaller quantities of molybdenite, molybdite, py
rite magnetite, beryl, and muscovite. In addition to 
the~e, Landes ( 1934, p. 693) reports tourmaline, and 
Adams {1953, p. 100), brannerite. 

According to Worcester ( 1919, p. 36), the richest 
molybdenum ore occurs in streaks 1 to 2 inches thick 
and 6 inches to 2 feet in length near the walls of the 
vein. In many places pockets of molybdenite and 
molybdite, containing 20 to 30 pounds, occur bet"Veen 
bery 1 and quartz crystals. Although there are sti,eaks 
and pockets of rich ore, in general the vein is of low 
grade. 

The }.fount Pomeroy quartz monzonite has been seri
ci tized :for 1 to 3 feet and silicified for 1 to 6 inches on 
either side of the California vein. Fine-grained pyrite 
and molybdenite are disseminated in the silicified coun
try rock. 

IRON CHEST MINE 

- The Iron Chest 1nine is on the northwest side of 
Chrysolite Mountain at an altitude of about 11,950 feet 
(pl. 1). It may be reached by a wagon road vhich 
starts at St. Elmo and climbs south about 214 miles to 
the mine. The mine was owned in1951 by T. Stark. 
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No information is available on the history or pro
duction of the mine before 1900, but it is believed that 
1nost of the ore produced was mined between 1875 and 
1900. The following table gives the recorded produc
tion of the mine from 1901 to 1915. Any production 
since 1915 has been included with that of the Mary 
Murphy mine. 

Production of the Iron Ohest mine, 1901-15 

[Compiled by A. J. Martin, Statistics Branch, Economics Division, U.S. Bureau of 
Mines, Denver, Colo. No production recorded for years not listed] 

Year Crude ore Gold Silver Copper Lead 
(dry tons) (ounces) (ounces) (pounds) (pounds) __________ , ___ -------------

1902.--------------------------
1913.--------------------------
1914_ --------------------------
1915_ ------ --------------------

TotaL-------------------

450 
123 
218 
201 

992 

200 4,600 ---------- ----------
66 1, 500 1, 482 8, 326 

158 5, 143 53 5, 396 
53 2,083 ---------- 7,367 

477 13,326 1, 535 21,089 

Most of the mine workings were inaccessible when 
visited in 1950. According to old n1aps of the Mary 
Murphy Gold Mining Co., the mine was originally ac
cessible through several short adits about 50 feet apart 
in elevation, and a main adit and shaft about 400 feet 
below the crest of the ridge to the south of the mine. 
The shaft is about 280 feet deep; off it are three levels 
totaling about 2,000 feet of drifts. About 400 feet of 
the lowest shaft level was accessible through the ~:Iary 
Murphy mine. The main adit level has about 500 feet 
of workings. The extent of the workings above the 
main adit level is not known. 

The Iron Chest 1nine worked the northern extension 
of the Pat vein of the Mary Murphy n1ine. The vein 
is a filled fissure in the Mount Princeton quartz Inonzo
nite, and ranges in width from 1 foot or less to 6 feet. 
It can be followed on the surface for about 4,000 feet 
and has been followed underground in the Iron Chest 
and Mary Murphy workings for about 2,000 feet. The 
vein ranges in strike from N. toN. 50° E. and dips 60°-
850 E. Locally the vein is bordered by gouge stringers 
1 inch to 2 feet thick. 

Only prin1ary sulfide ore minerals were seen on the 
lowest shaft level, but oxidized ore was observed on the 
dumps of the upper adit levels. This consists of cerus
site, smithsonite, and anglesite in a limonite or lilnonitic 
quartz gangue, and minor psilomelane, pyrolusite, Inala
chite, azurite, and chrysocolla as stain or in small vugs. 
The primary sulfide minerals are, in order of abundance, 
sphalerite, galena, pyrite, and chalcopyrite. The sphal
erite and galena occur intermixed in stringers or irregu
lar masses from an inch or less to 4 feet wide, and as dis
semi1lated grains in the gangue. Chalcopyrite is 
sparsely disseminated in the sphalerite and galena. Py
rite is most abundant in the quartz gangue and dissemi
nated in tb.e wall rock. A small quantity of pyrite is 
associated with the other sulfides. 

The principal gangue mineral is quartz. It occurs, 
with some disseminated pyrite, as gray, fine-grained 
bands at the borders of the veins, and as white, medium
grained, vuggy quartz containing sulfides near the cen
ters of the veins. A fine-grained mixture of rhodonite 
and rhodochrosite occurs in those sections of tl ~ vein 
that contain abundant sulfides. Calcite is present in 
vein material on the dump of the shaft. 

The country rock is altered on either side of the vein 
as seen on the lowest shaft level. At the contact of the 
quartz vein and country rock, the country rock has been 
silicified for 1 to 6 inches. Disseminated in the silicified 
country rock and extending beyond is fine-grair~d py
rite. Beyond the silicified zone the minerals of tho. coun
try rock have been altered to sericite and hydromica 
with decreasing intensity away from the vein. The 
width of alteration could not be observed in tl'q Iron 
Chest mine, but in the Mary Murphy mine it ranged 
from 5 to 20 feet. 

MARY MURPHY MINE 

The Mary Murphy 1nine is on the southwest side of 
Chrysolite Mountain about 2 miles south of St. Elmo 
(pl. 1). The main tunnel, no. 14 or 1400 level, may be 
reached by the road up Pomeroy Gulch. The mine in 
1952 was leased to S. E. Burleson and W. E. Burleson of 
Salida, Colo. 

The Mary Murphy was one of the first mines de
veloped in the Chalk Creek district. Raymond (1887, 
p. 282) reports that the mine was in operation in 1875. 
Records of production before 1901 are unavailable, but 
the mine is believed to have been in operation c'lntinu
ously from 1870 to 1925. Between 1925 and 1951 the 
mine was operated inte.nnittently. The table C"'l page 
100 gives the recorded production from 1901 to 1949. 

Old 1naps show that the mine was worked through 14 
main levels and several inter1nediate levels. Plates 12 
and13 and figure 7 were reproduced from mapr~ of the 
Mary Murphy Gold Mining Co. and show the work
ings as of 1917. The mine was originally ac~essible 
from the surface by tunnels at the 100, 200, 300, 400, 
700, 1,100 (Lady Murphy tunnel), 1,400, and 2,200 
(Golf tunnel) levels. When visited in 1950, only the 
Lady Murphy and the 1,400 level tunnels were open. 
Geologic maps were made of the mine workings ac
cessible in 1951. Two of these, plates 14 and 15, which 
show the typical geology, are included with this report. 

The veins are filled fissures in the Mount Princeton 
quartz monzonite. Most of the faulting took place be
fore the deposition of the ore; gouge seams 1 inch to 3 
feet wide occur on one side or on both sides of tr~ veins, 
and in many places, the veins cut the adjacent gouge 
seams. Some postore faulting has displaced thq veins; 
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many faults of small displacement cut the veins 
throughout the mine (pls. 14, 15). 

Production of the Mary Murphy mine, 1901-~9 

[Compiled by A. J. Martin, Statistics Branch, Economics Division, U. S. Bureau 
of Mines, Denver, Colo. No production recorded for years not listed. Published 
by permission of the lessors] 

Crude Gold Silver Copper Lead Zinc Year ore (dry (ounces) (ounces) (pounds) (pounds) (pounds) tons) 

1901_ _________ 10,261 3, 794 45,662 ------------ ------------ ------------1902 __________ 16.465 14,818 57,782 ------------ ------------ ------------
1903_ --------- 11,661 5, 758 34,134 ------------ ----i42;76i- ------------1904 __________ 4,807 949 6,438 ------------ ------------1906 __________ 700 427 24 ------------ 146,474 68,606 
1907---------- 2,000 1,375 12,666 11,960 196,860 56,240 
1908_-- ------- 1,900 1,320 6,130 ------------ 150,000 140,000 
1909_- -------- 68 75 1, 231 409 6,208 ------------1910 __________ 513 525 9, 767 3,142 48,500 ------------1911_ _________ 1,308 1,623 19,572 20,487 178,479 ------------1912 __________ 3,220 3, 767 33,202 41,690 368,126 ------------1913 __________ 43,426 14,698 148,110 147,736 2,841,168 1, 494,835 
1914_ --------- 56,895 14,493 141,356 246,494 3,366,434 1, 960,851 1915 __________ 60,588 14,152 121,159 406,263 4,001, 582 4, 119,283 1916 __________ 5,887 8,589 75,575 228,778 2, 576,602 2,670,878 1917_ _________ 36,602 5,481 47,015 72,700 1, 198,503 1,455, 934 1918 __________ 29,554 5,232 55,036 74,157 1,091, 934 1, 739,347 
1919_ --------- 16,381 2, 737 27,087 30,237 453,209 ------------1920 __________ 2,235 1,486 33,616 14,140 237,486 ------------1921_ _________ 2,069 1,535 25,045 7,575 191,486 ------------
1922_- -------- 1,164 931 9,543 9,585 587,948 1923 __________ 818 741 11,393 6,593 103,473 ------29;o7ii 
1924 __________ 374 385 6,023 982 48,065 ------------1932 __________ 63 36 643 ------------ 2,574 ------------
1933_ --------- 203 125 1, 709 175 13,733 ------------1934 __________ 913 1, 319 9,662 ------------ 94,560 ------------1935 __________ 976 1,200 8, 741 16,126 93,855 18,480 
1936_ --------- 1,134 I, 316 9, 236 22,430 224,086 326,356 
1937---------- 991 822 8,028 22,164 207,866 280,733 1938 __________ 248 137 1, 778 5,123 61,071 71,608 1939 __________ 129 139 1, 511 1,211 29,630 13,937 194Q __________ 114 74 757 741 28,780 13,699 1941_ _________ 91 129 613 2,033 19,821 39,540 1942 __________ 50 39 417 816 7, 764 10,920 
1944_ --------- 36 11 321 472 5,853 11,614 
1949_ --------- 370 16 136 ------------- 8,077 13,413 

------TotaL ___ 314,214 110,254 971,118 1,394, 219 18,732,968 14,535,344 

' 

Five main veins and several smaller ones were worked 
in the mine. The most important was the Mary vein, 
which crops out on the ridge above the mine (pl. 1) 
and can be traced for 6,000 feet on the surface. It was 
followed underground for about 5,000 feet and is known · 
to have been mined from the surface to the 1,400 level. 
Possibly the 1,500 and Golf tunnel levels intersected this 
vein. The Mary vein strikes N. to N. 35° E.; the av
erage is about N. 20° E. It dips 75°-90° W. from the 
surface to the 900 level, and from 75°-90° E. below this 
level. The width ranges from 6 inches to 20 feet and 
averages 3 feet. 

On the 900 level, 300 to 350 feet east of the Mary 
vein, is the West Pat vein, and 50 to 75 feet east of the 
West Pat is the East Pat. The 900 level is the lowest 
level on which these two veins were worked. Old maps 
indicate that these two veins intersect near the 400 or 
500 level. On the ridge above the mine 100 to 200 
feet east of the Mary vein, a single vein, the Pat, crops 
out. This vein can be traced for about 4,000 feet on 
the surface. The West and East Pat veins, as measured 
in the mine, strike N. 10°-50° E. and dip 60°-85° E. 

On the 900 level and west of the Mary vein, 80 and 150 
feet, respectively, are the Morley and Nelson veins. 

On the 1,100 level about 200 feet west of the Mary 
vein and on the 1,300 level about 260 feet west a vein 
believed to be the Nelson is exposed. About 1 00 feet 
below the crest of the ridge above the mine, a vdn west 
of the Mary, probably the Morley, intersects th~ Mary 
vein. These veins strike N. toN. 50° E. and d~p 70°-· 
850W. 

Maps of the old workings indicate that these main 
veins converge in the upper workings and to th~ south, 
and diverge with depth and to the north. Wl,~re the 
veins diverge other veins occur between the main veins, 
usually as offshoots of the main veins. In the upper 
workings where the veins were closest together ar~ 1nany 
cross veins, which are reported to have yielder! sn1all 
amounts of relatively rich ore. 

Oxidized and priJnary sulfide ore was produced from 
the mine. Above the 40Q level most of the ore was 
oxidized. Between the 400 and 900 levels the ore is 
partially oxidized, and below the 900 is primr.ry sul
fide ore. Because the main workings above the 910 level 
are inaccessible, little is known of the oxidized and par
tially oxidized ore. Ore on the clumps of the upper 
levels contains cerussite, smithsonite, and anglesite, com
monly with a few grains of galena, in a liinonitic vuggy 
quartz gangue. Psilmnelane, pyrolusite, malachite, 
azurite, and chrysocolla occur as stain or in small vugs. 
Below the 900 level, the veins consist of brecciated and 
silicified Mount Princeton quartz monzonite cut by 
quartz or quartz-rhodonite-rhodochrosite stringers con
taining varying quantities of sulfides. The sulfides in 
the veins are, in order of abundance, sphalerite, galena, 
pyrite, and chalcopyrite; pyrite is the Jnost arnndant 
sulfide in the wall rock adjacent to the veins. Q·1artz is 
the chief gangue mineral. It occurs as fine-grained 
gray quartz containing dissmninated pyrite, at the bor
ders of the veins, and as massive, white, rr~dium
grained, vuggy quartz near the centers. A very fine 
grained mixture of rhodonite and rhodochrosite is al
most everywhere present in those parts of th~ veins 
that contain abundant sulfides. Locally rhocloc~rosite, 
calcite, barite, and fluorite occur in the veins. 

A megascopic study of the veins and the para genetic 
relations of their 1ninerals to each other indicates that 
the order of deposition was: 

1. Fine-grained gray quartz and disseminated pyrite. 
2. Medimn-grainecl, white, vuggy quartz, accom

panied by rhodonite and rhodochrosite, spl'alerite, 
galena, and chalcopyrite ; probably in this order but 
with considerable overlap. 

3. Medium-grained white quartz. This stago, prob
ably just a continuation of the quartz deposition of 
stage 2. 

4. Calcite, barite, and fluorite. These gangue min
erals are barren and, therefore, probably followrd stage 
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2, but their position in the sequence of deposition could 
not be determined. 

The quartz 1nonzonite adjacent to the veins has been 
altered from a few inches to hundreds of feet on either 
side of the veins in proportion to the width of the veins. 
At the edges of the veins the quartz Inonzonite is silici
fied for 1 inch to 10 feet. In the silicified wall rock and 
extending beyond the zone of silicification is dissemi
nated fine-grained pyrite. At the edge of the silicified 
zone the wall rock 1nay be argillized from 1 inch to 1 
foot, and extending beyond the argillized or silicified 
zone, the alteration minerals of the wall rock are sericite 
and hydromica, with a decreasing intensity the greater 
the distance frmn the vein. Overlapping and extending 
beyond the zone of .sericitization may be a zone of al
teration in which the ferromagnesian minerals have 
been altered to chlorite or epidote or both. 

The largest ore shoot in the mine, and the largest of 
any in the vein deposits of the quadrangle, is on the 
Mary vein. Figure 7, a vertical section of the Mary 
vein, shows the stoped areas as of 1917 and gives an idea 
of the size of the ore shoots in this vein. The vein 
was stoped frmn the surface to the 900 level, a verti
cal distance of 700 feet, for an average stope length of 
1,000 feet. Below the 900 level the ore body is less 
well defined. At the north end of the mine is an ore 
shoot extending from the 900 level to the 1,400 level, 
a pitch length of about 450 feet and breadth of 300 
feet. About 200 feet south of the raise from the 1,400 
level to the 900 level, an almost vertical ore shoot 
extends between these levels ( 380 feet) and has au 
average stope length of about 250 feet. Between these 
two main ore shoots below the 900 level are several 
smaller ones ranging from 20 to 150 feet in pitch length, 
and from 5 to 100 feet in breadth. Frmn what could 
be observed in the accessible parts of the Inine, the 
stopes ranged in width from 2 to 20 feet. 

Although the records show that considerable ore has 
been produced from this mine since 1917 when thr 
stope map (fig. 7) was made, the map is still believed 
to give a fairly accurate picture of the ore shoots. From 
what was observed in mapping the accessible parts of 
the Inine, the mining since 1917 was primarily on veins 
other than the Mary and in removing "high grade" 
pillars in the old stopes. A 1,500 level was added to 
the workings of the mine since this map was made but 
there are no stopes below the 1,400 level. 

Old stope maps of the Pat, Morley, and Nelson vein:3 
show that those veins were stoped from the surface to 
the 700 level, a vertical distance of about 530 feet, for 
an average stope length of 600 feet. Part of the Morley 
was stopecl to the 900 level and the Nelson to the 1,300 
level. 

So little of the mine was accessible that a study of 
the structural factors that might have controlled the 
deposition of the ore could not be made. The maps 
(pis. 12, 13, and fig~ 7) show, however, that the largest 
ore shoots, at least along the Mary vein, occur ,..,.here 
the vein dips west and between two sharp changes in 
strike. From the surface to the 900 level, in the c~nter 
of the mine, the Mary vein dips from 75°-90° 
west. Below the 900 level the dip of the vein changes to 
the east. The largest .ore shoots were mined from r.bove 
the 900 level. This, in part, may only be an app'l.rent 
relationship; the ore above the 900 level is p·-wtly 
oxidized and, therefore, richer, and a narrower vridth 
of vein Inight be mined profitably. Two abrupt clw.nges 
in strike occur along the Mary vein; one about 180 feet 
north of the south end line of the Mary Murphy claim 
and the other 80 feet south of the north end line. At 
the south end, the vein changes strike from N. 30° E. 
to due north, and then there is a gradual change in 
strike through a distance of 1,100 feet from due north 
to N. 25° E. The abrupt change at the north end is to 
clue north again. These changes in strike make a roll 
in the vein to the east. The largest ore shoots occur 
between the two sharp changes in strike. 

OTHER MINES AND PROSPECTS 

BIG BONANZA 

De·velop·nwnt.-Shaft, inelined N. 67° W. at 58°. 
Caved when visited in 1950. 

Production.-No records available before 1901. No 
production recorded 1901-50. 

Vein.-Strikes N. 5°-15° E. and dips 40°-60° W. 
Brecciated and silicified Mount Princeton quartz mon
zonite cut by 1- to 6-inch quartz-sulfide veinlets. Vein 
traced on surface for about 300 feet. 

Wall rock.-Altered Mount Princeton quartz mon
zonite. 

Ore and sulfide 1ninerals.-Galena, sphalerite, pyrite, 
and chalcopyrite. 

Gang'lte 1ninerals.-Quartz and silicified Mount 
Princeton quartz monzonite. 

BLACKHAWK 

Development.-Adit, bearing S. 73 ° E. at portal. 
Caved when visited in 1950. 

Production.-No records available before 1901. 
Recorded production for 1901-50 was 170 tons, Phich 
yielded 23 ounces of gold, 3,380 ounces of silver, 1,500 
pounds of copper, 22,126 pounds of lead, and 42,006 
pounds of zinc. Most of this produced between 1909-
13. 

Veins.-Two veins exposed in cliff about 1,00( feet 
east of portal. Veins 4 to 10 feet wide of quartz and 
brecciated and silicified Mount Princeton quartz mon-
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zonite. Veins range in strike from north toN. 30° E. 
and dip steeply east or west. Veins traced about 500 
feet on surface. They are possibly the extensions of the 
Pat and West Pat veins of the Mary Murphy and Iron 
Chest mines, covered by heavy talus in the intervening 
area. 

W rill rock.-Altered Mount Princeton quartz mon
zonite. 

Ore and sulfide 1ninerals.-Galena, sphalerite, pyrite, 
chalcopyrite, cerussite, smithsonite, and copper ~nd 
manganese stains. 

Gangue minerals.-Quartz, rhodonite, rhodochrosite, 
and silicified Mount Princeton quartz monzonite. 

FLORA BELLE 

Development.-Adit, bearing N. 75° E. at portal, 
· caved when visited in 1950. Reportedly about 1,000 

feet of workings. 
Production.-No records before 1901. Recorded pro

duction 1901-50, mostly in 1910-19, was 406 tons, which 
yielded 13 ounces of gold, 6,757 ounces of silver, 206 
pounds of copper, and 9,863 pounds of lead. 

Vein.-No data available and not exposed at surface. 
W rill rock.-Altered Mount Princeton quartz mon

zonite. 
Ore and sulfide minePals.-Sphalerite, galena, pyrite, 

and chalcopyrite on dump. 
Gangue 1ninerals.-Quartz and silicified Mount 

Princeton quartz monzonite on clump. 

KENTUCKY 

Developnwnt.-Shaft, caved when visited in 1950. 
Production.-No records available before 1901. No 

production recordecl1901-50. 
V ein.-Stonewall vein. Ranges in strike from north 

to N. 30° W. and clips 40°-80° W. Vein 1nay be fol
lowed on surface for about 2,000 feet, and ranges in 
width from 5 to 30 feet. Locally, heavy gouge seams 
on either foot or hanging wall of vein. 

Wall 1·ock.-Altered Mount Princeton quartz mon
zonite. 

Ore and sulfide m.inerals.-Galena,_ sphalerite, pyrite, 
and chalcopyrite. 

Gangue mineraZs.-Quartz, calcite, and silicified 
Mount Princeton quartz monzonite. 

KICKAPOO 

Developnwn.t.-Adit, bearing S. 89° E. at portal. 
About 600 feet of accessible drifts in 1950. 

Production.-N o records available before 1901. No 
production recorded 1901-50. 

Vein.-Strikes N. 30°-50° E. and dips 60°-80° NW. 
Ranges in width from 5 to 40 feet. Traced on the sur
face for 1,500 feet. 

Wall rock.-Altered Mount Princeton quartz m.on
zonite. 

Ore and sulfide 1ninerals.-Galena, sphalerite, pyrite, 
and chalcopyrite. 

Gangue 1ninerals.-Barite, quartz, and silicified 
Mount Princeton quartz monzonite. 

LITTLE BONANZA 

Development.-Shaft, inclined N. 66° W. ~.t 70°. 
Caved when visited in 1950. 

Production.-N o records available before 1901. No 
production recorded 1901-50. On dump 3 to 4 tons of 
ore which would average 5 to 10 percent combine-:llead~ 
zinc. 

Vein.-Strikes N. 20°-40° E., dips 60°-80° W. Brec
ciated and silicified Mount Princeton quartz monzonite 
4 to 10 feet in width, cut by 4- to 18-inch quartz-sulfide 
veins. Vein traced on surface for 1,000 feet by a series 
of prospect adits and pits. 

Wall rock.-Altered Mount Princeton quartz mon
zonite. 

Ore and sulfide 1ninerals.-Sphalerite, galena, pyrite, 
and chalcopyrite. 

Gang·ue 1nine1·als.-Quartz and silicified Mount 
Princeton quartz n1onzonite. 

LITTLE JESSIE 

Developn~ent.-Adit, bearing N. 87° E. at portal. 
Adit goes in about 115 feet where it intersects vein. 
About 200 feet of drifting along vein. 

Production.-N o records available before 1901. No 
production recorded 1901-50. 

Vein.-Strikes N. 20°-40° E., averages N. 25° E. 
Dips are vertical to 65° W.; locally dips steeply east. 
Vein1 to 5 feet wide of quartz and brecciated and silici
fied Mount Princeton quartz n1onzonite. On west side 
of vein 1 to 4 inches of gouge. About 250 fe~~ from 
portal, vein offset about 4 feet by fault. 

1V all rock.-Altered Mount Princeton quartz mon
zonite. 

Ore and su1fide 1ninerals.-Galena, sphalerite, pyrite, 
and chalcopyrite. 

Gangu,e minerals.-Quartz and silicified Mount 
Princeton quartz monzonite. 

Ore shoot.-About 20 feet long, 2 to 4 feet in width, 
and stopecl up about 20 feet at 65°. 

MATILDA 

Developnwnt.--Three Inain adits and seven'I pros~ 
pects. Only the upper and lower adits were accessible 
in 1951. The upper adit bears S. 5° W. for 250 feet on 
a narrow vein. The lower adit is about 1,200 feet north 
of the upper workings and bearsS. 55° W. for 135 feet 
on a narrow vein; 25 feet in fr01n the portal a tight, 
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south-trending vein was drifted on for 60 feet. The 
intermediate adit, having an estimated 150 feet of 
workings, is about 300 feet north of the upper n1ain 
adit and bears south along the same vein. 

Pt·oduotio·n and tenm·.-No records available before 
1901. F.r01n 1901-51 the only production recorded was 
a 2-ton test-ship1nent in 1930 that yielded 1 ounce of 
gold, 16 ounees of silver, and 1,137 pounds of lead. 

Veins.-The vein in the upper two aclits is 1 to 6 
inches wide and about 1,500 feet long. Strike, N. 5° 
E.; dip, 60°-70° W. The vein in lower adit is 1 to 6 
inches wide; strike, N. 55° E.; dip, 65° ,V. Parts of 
the vein now exposed in the 1nine contain sparse sulfide 
minerals. 

lVall1·ock.-Silicified and serieitized Mount Prince
ton quartz n1onzonite. 

Ore and sulfide 1ninet•als.-Pyrite and silver-bearing 
galena. 

Gang·ue 1ninerals.-Quartz, some barite and calcite. 
and rare fluorite. 

NORTH POLE 

De·velopment.-Adit bears S. 75° W.; estimated 400 
feet of workings. Adit eaved at portal when visited in 
1951. 

Produotion.-No records available before 1901. No 
production reeorclec11901-50. 

Vei·ns.-Adit was probably driven to intersect veins 
exposed at surfaee about 300 feet west of portal, as 
shown on plate 1. Only trace of vein material on sur, 
faee of clump. 

Ore a;tul sulfide m.ine.rals.-Traces of anglesite and 
pyrite. 

aangue 1nineJ•al.-Quartz. 

OVERLAND 

De·velopment.-Shaft and four adits. Adits num~. 
bered 1 to 4 starting at one nearest shaft. Bearing of 
adits at portals: no. 1, S. 20° E.; no. 2, S. 10° W.; no. 3, 
S. 14° W.; no. 4, S. 14° W. All workings eaved when 
visited in 1951. 

P·1·oduction.-No records available before 1901. No 
production recorded 1901-50. 

Vein.--Strikes N. 20° W. to N. 20° E. and dips 65°-
900 W., loeally dips steeply east. Vein 1 to 5 feet wide 
of quartz, and breeeiated and altered Mount Prineeton 
quartz monzonite. Vein well exposed for 500 feet south 
of shaft and at portal of adit no. 3. Total length of 
vein about 3,000 feet. 

lVall 1'0CA~.-Altered 1\<Iount Princeton quartz 1non~ 
zonite. 

Ore and sulfide 1nine·rals.-Galena, sphalerite, pyrite, 
and ehalcopyrite. 

Gang1.te 1nine·1•als.--Quartz, gypsum, and silicified 
Mount Princeton quartz monzonite. 

PORTLAND 

Development.-Main adit, bearing N. 80° E. at por· 
tal, and1nany small prospect adits and pits. All '"'"ork
ings caved when visited in 1950. 

Prod'lwtio·n.-No records available before 1901. No 
production recorded 1901-50. 

Vein.-No data available and no vein exposed at 
surface. 

Wall rook.-Altered Mount Princeton quartz 1non~ 
zonite. 

Ore and sulfide minerals.-On dumps galena, sphal
m·ite, pyrite, and chalcopyrite. 

Gangu,e 1ninerals.-Quartz, rhodonite-rhodo~hro

site, and silicified Mount Princeton quartz monzonite. 
Vein material heavily stained by 1nanganese. 

ST. ELMO QUEEN 

Developrnent.-Adit, bearing N. 63° W. at p')rtal, 
caved when visited in 1950. 

Prod'ltetim1.-No records available before 1901. Only 
recorded production 1901-50 was 20 tons in 1932, 'V'hich 
yielded 16 ounee·s of gold, 198 ounees of silver, and 
1,789 pounds of lead. 

Vein.-No data available and no vein exposed at sur
face. 

lVall1•ock.-Altered Mount Princeton quartz In')nZo· 
nite. 

Ore and sulfide minerals.-Pyrite, sphalerite, gdena, 
and chaleopyrite on dump. 

Gangue 1ninerals.-Quartz, calcite, and sili~ified 
Mount Princeton quartz 1nonzonite on du1np. 

STANLEY 

Development.-Aclit, bearing S. 19° W. at p')rtal. 
Caved when visited in 1950. 

Produ,otion.-No records available before 1901. No 
production recorded 1901-50. 

Vein.-No data available and no vein exposed at sur
face. Adit probably driven to intersect Big and Little 
Bonanza veins. 

lVall rock.-Altered Mount Princeton quartz m"lnZo· 
nite. 

Ore and sulfide ·minm'als.-Pyrite, sphalerite, grJena, 
and chaleopyrite on dun1p. 

Gan.g·l.te 1ninerals.-Quartz and silieified ~fount 

Princeton quartz monzonite on dump. 

STONEWALL 

Developrrnent.-Shaft (caved when visited in 1950), 
and tunnel GOO feet long. About 150 feet of drifts along 
vein aecessible at end of tunnel. 

Produ.otion.-No records available before 1901. Only 
production 21 recorded in 1946, 1947, ancl1949, whfn 267 

21 Published by permission of the owner. 
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tons of ore yielded 17 ounces of gold, 590 ounces of 
silver, 37 pounds of copper, 40,770 pounds of lead, and 
13,264 pounds of zinc. 

Vein.-Strikes north to N. 30° W., dips 40°-80° W. 
as exposed in workings, about 30 feet wide. Traced on 
surface for about 2,000 feet. Mineralized zone consists 
of brecciated and altered Mount Princeton quartz mon
zonite cut by many quartz and calcite veins 1 inch to 3 
feet wide and l-inch to 1-foot gouge seams. On foot 
and hanging walls 1 to 3 feet of heavy gouge. 

Wall rock.-Altered Mount Princeton quartz mon
zonite. 

Ore (JJ}'IA) sulfide 1ninerals.-Pyrite, galena, sphalerite, 
and chalcopyrite. 

Gangue minerals.-Quartz, calcite, and altered wall 
rock. 

TILDEN 

Development.-Four shafts, four adits, and several 
shallow prospects. All of the larger workings were in
accessible when visited in 1951. Combined workings of 
the four shafts estimated to be 2,500 feet. 

Production.-N o records available before 1901. No 
production recorded 1901-50. 

Vein.-No data available and no vein exposed at sur
face. Vein material on dump contains both primary 
and secondary minerals; some pieces have high content 
of pyrite and galena. 

Wall rock.-Mount Princeton quartz monzonite, 
highly altered next to veins and along fractures. 

Ore and sulfide minerals.-Pyrite, galena, chalcopy
rite, magnetite, anglesite, cerussite, malachite, azurite, 
and pyrolusite. 

Gangue minerals.-Quartz, barite, calcite, and fluo
rite. 

TOM PAYNE 

Development.-Adit bearing S. 77° W.; estimated 
1,500 feet of workings. Caved at portal when visited 
in 1951. 

P·roduction.-One carload ore reported shipped be
fore 1913. About 3 tons of vein material near portal 
in 1951. 

Vein.s.-No data available and no vein exposed at 
surface. Surface of dump contains pieces of quartz, 
as much as 12 inches across, and 50 percent pyrite and 
5 percent combined galena and sphalerite. Probably 
reached veins (shown on pl. 1) 500 to 800 feet to the 
west. 

Wall rock.-Andesite; silicified adjacent to vein. 
Ore and sulfide minerals.-Pyrite, galena, sphalerite, 

and sparse chalcopyrite. 
Gangue mineral.-Quartz. 

TRESSA C. 

Development.-Shaft about 400 feet deep ani adit 
bearing S. 2° E. at portal. All workings caved when 
visited inl950. 

P·roducU.on.-No records available before 1901. No 
production recorded 1901-50. 

Vein.-No data available and no vein exposed at sur
face. Probably the extension of the Nelson vein of 
theMaryMurphymine (pl.12). 

Wall rock.-Altered Mount Princeton quartz mon
zonite. 

Ore and sulfide minerals.-Sphalerite, galena, pyrite, 
chalcopyrite, smithsonite, malachite, and chrys0colla. 
Heavy manganese stain. 

Gangue minerals.-Quartz, rhodonite, rhodocrrosite, 
and silicified Mount Princeton quartz monzonite. 

MISCELLANEOUS NONMETALLIC DEPOSITS 

By far the most important nometallic product mined 
in the Garfield quadrangle is liinestone for flux. The 
large quarry of the Colorado Fuel & Iron Corp. at 
Monarch supplies a large tonnage of pure limestone to 
the steel plant at Pueblo. The limestone quarrio.d is a 
bed about 100 feet thick that overlies a black dolomite 
near the base of the Leadville limestone. The limestone 
dips about 40° NW., about parallel to the slope of the 
hill. In the past the Garfield quarry, near the town 
of Garfield (pl. 1), has supplied limestone for flux 

· from the same bed and shipped it to smelters at Salida 
and Pueblo, and for use in sugar refineries in the 
Arkansas River valley. 

A small quantity of marble has been produced from 
a sn1all quarry northeast of the Exchequer 1nine in 
Taylor Gulch in the Monarch district, but most of the 
marble is too coarse grained and too remote fro"ll ade
quate transportation to be competitive as a building 
stone. 

During World War I several hundred tons of amor
phous graphite was produced from two mines in 
Graphite Basin, about 11h miles east of Cuml,~rland 
Pass (pl. 1). These mines have been described on 
page 63. 

FAVORABLE AREAS FOR FUTURE PROSPECTING 

As a result of the studies made in the Garfield quad
rangle, several areas appear promising for discovery of 
any or all of the valuable metals previously fcund in 
the quadrangle. The favorable areas must be delineated 
by purely geologic considerations rather than by ex
tensions from known or indicated ore bodies, because 
1nost of the mines are inaccessible and the records are 
generally poor. 
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A favorable area in which substantial ore bodies may 
occur is just east of the southern extension of the Lake 
fault, from the Monarch Contact tunnel about S. 5°-
100 E. for about 2,000 feet toward the Madonna mine 
No. 6 portal. (See pL 1.) This area, although covered 
by glacial debris, is probably characterized by complex 
faulting where the Lake, Mayflower, and Madonna 
faults meet, and this faulted zone could very likely have 
been the locus of ore deposition. A significant economic 
obstacle for exploration here in the valley is the glacial 
debris, which may be quite thick. Crawford (1913, p. 
255) reported that 56 feet of surficial material was cut 
above the limestone bedrock in a prospect shaft a few 
hundred feet southwest of the Monarch Contact adit 
(pl. 1)' and it is likely that farther south near the center 
of the valley the thickness is greater. Other obstacles 
are a likely heavy flow of water from the porous glacial 
till and the high cost of hoisting ore through a shaft 
rather than the less costly method of undercutting the 
ore by a tunnel. 

Another area favorable for exploration, although it 
presents somewhat the same economic problems as does 
the area north of the Madonna mine, ·lies high in Cree 
Creek valley near the Clinton tnine (fig. 8). Here a 
northwest-trending fault is evidently concealed beneath 
the glacial deposits in Cree Creek valley. Considering 
the known deposits on each side of the valley, and the 
tendency for large ore bodies to form where large faults 
cut limestone beds, as in the Monarch and Whitepine 
districts, the possibility of ore in commercial quantities 
along the fault seems good. The most favorable strati
graphic zone is the :1\fa.nitou dolomite, especially near, 
or at, its contact with the granite. This zone could 
probably be found by drilling or bulldozing on the 
downthrown side of the fault at a point about 400 feet 
southwest of the Clinton mine, and on the upthrown 
side at a point .about 800 to 1,000 feet west-northwest of 
the mine. The sharp folds in the beds adjacent to the 
fault would likely increase rather than diminish the 
possibilities for concentration of ore in this area by 
forming structural traps for the ore solutions, such as 
occurred in folded beds east of the Star fault (fig. 4) 
in the Akron mine. The depth of glacial debris and 

soil in this vicinity is not known but it is probably not 
more than about 35 feet. 

The upper 150 feet of the Leadville limestone, par
ticularly at its contact with the overlying Belden rl:tale, 
has been very slightly explored in Taylor Gulch~ and 
this area, from the lower Garfield tunnel northward for 
about a mile, is worthy of further exploration. Th£, beds 
dip steeply west, and the contact of the Leadville and 
Belden lies on the west side of the valley where it is 
covered in very large part by slope wash and talus. 

The uppermost 175 feet of the Leadville limestoJJ e has 
been extensively explored in the Tincup district "Fhere 
it has yielded a large quantity of ore from the Gold Cup 
mine south to the Robert E. Lee no. 2 shaft, but from 
here south for about half a mile it has been inadequately 
explored by a few small prospects, and it warrants closer 
and more thorough exploration. 

Although a rumor persists in the Tincup district. that 
ore is not found in quantity at the contact of the por
phyries and the sedimentary rocks, the authors believe 
from facts obtained by a study of the surface geology 
and distribution of prospects and mines that this is not 
necessarily true, and that such contacts have been inade
quately explored. The porphyries in general dip more 
steeply to the east than the sedimentary beds, anc1 it is 
quite possible that undiscovered ore bodies migl't lie 
against both the quartz diorite and Tin cup porpll yries 
at their western margins in the area extending from an 
east-west line a little south of the Jimmy Mack mine 
north to the far end of Duncan Hill. In this same gen
eral area it is likewise recmnmended that additional 
exploration be carried on for possible bedded rer lace
ment deposits immediately beneath the Harding quartz
ite or the basal shaly beds of the Chaffee formatic"'l.. 

Near White pine in the Ton1ichi district an area that 
warrants additional exploration is along the Morning 
Glim fault for a distance of about 1,000 feet nortl'west 
and 3,000 feet southeast of the Parole mine (pl. 5). This 
area seems promising because some good ore was ob
tained near this fault in the old Parole workings, and 
because large :faults elsewhere in the Garfield ouad
rangle, and especially in the Akron mine nearby, have 
been highly productive. 
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